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GENERAL
SURVEY

NUCLEAR POWER

\A/ITH one more power reactor com-
""ing on line, and two of the
heavy water plants commencing pro-
duction, 1980-81 marked a happy
turn in the course of the nuclear-
power programme. On October 8,
1980 the second unit of the Rajasthan
Atomic Power Station became critical
and, on November 1, 1980, it was
synchronised to the grid for the first
time. The unit wastest run upto a level
of 165 MWe and is at present operat-
ing at around 130 MWe. The first
unit of the Station has been in
commercial operation since December
1973. During 1980-81 {upto Feb.
28) this first unit generated around
972 million units and sent out around
839 million units, achieving a capa-
city factor of about 55 per cent during
the year.

The first nuclear station in the country,
at Tarapur, completed 11 years of
commercial operation in 1980. Over
the years it has undergone a number
of modifications leading to improve-
ment in its performance. During
1980-81 (upto Feb, 28) it generated
1646 million units, of which it supplied
around 683 million units to Maha-
rashtra and around 849 million units
to Gujarat. Even though unit-wise
power levels were kept down to 160
MWe to conserve fuel, the station
achieved a capacity factor of 48.9
per cent. The fuel situation at this
Station continues to be difficult An
overdue consignment of 19.8 tonnes
of enriched uranium applied for in
August 1979 and scheduled for de-
livery between February and Sep-
tember 1980 has not yet been received
from the USA. Another application
for 19.8 tonnes of enriched uranium
was made in September 1980 for
delivery between March and September
1981. The United States have been
informed by the Government that
continuing delays and uncertainties in

supply of Tarapur fuel cannot be
accepted. The Government hat alto
explained that it would not accept
any conditiont outside the framework
of the existing cooperation agree-
ment of 1963 between the US and
India.

The other two nuclear power stations
under construction, at Madras and
at Narora — have recorded steady
progress. At the Madras Atomic Power
Project, in physical terms, 90 per cent
of Unit I has been completed, and
about 79 per cent of Unit II is ready.
Major reactor components have been
installed and balance items of equip-
ment are in an advanced stage of
fabrication. At the Narora Atomic
Power Project, the civil works are
in the final stages and work on erect-
ion of structural steel is almost over.

Major nuclear components for this
Station are under fabrication.

tteavy Water. The heavy water
plants at Baroda and Tuticorin ave
in operation, while a substantial pert
of the heavy water plant at Kota hat
been commissioned; the plant it
expected to be fully commissioned
by November 1981. At Talcher, netting
of the heavy water plant is practically
over and, subject to availability of
synthesis gas, the plant would be in
operation by August this year.

Nuclear Fuel Complex. With the
addition of the Stainless Steel Seam-
less Tubes Plant and the Ball Bearing
Tube Plant, the activities of the Nu-
clear Fuel Complex at Hyderabad
nave become diversified. The NFC
mainly fabricates fuel and zircaloy
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components for power reactors of the
pressurised heavy water type starting
from ore concentrates, besides pre-
paring fuel for the Tarapur Nuclear
Station from enriched UF, supplied
by the USA.

The Complex's production programme
suffered somewhat from the acute
power shortage prevailing during
December 1979 - July 1980.

Atomic Minerals. A parallel shear
zone in the footwall of the known
Singhbhum Thrust Belt in Bihar
has been delineated This is a major
development in the Department's
atomic minerals exploration pro-
gramme during the year. The conti-
nuity of the belt over an area south
of Khejurdari, extending upto the
footwall of the Jaduguda Mines at
Jublatofa has already been establish-
ed.

Certain promising occurrences of uran-
ium have also been brought to light
in Madhya Pradesh, Karnataka,
Meghalaya and Uttar Pradesh.

The Department is also happy to
state that a record production of
around 15 tonnes of columbium-
tantalum was achieved during the
year. This production was mainly
from Bihar and Karnataka. An addi-
tional potential of 9.4 tonnes of
columbium-tantalum has been es-
tablished in these areas.

Fuel Reprocessing. The Power
Reactor Fuel Reprocessing Plant at
Tarapur completed the second cam-
paign of trial runs and has started
the third campaign, with metallic
fuel

RESEARCH AND DEVELOPMENT

Fast Breeder Test Reactor :
About 80 per cent of the work on the
Fast Breeder Test Reactor being con-
structed at the Reactor Research
Centre, Kalpakkam has been com-
pleted. The reactor vessel has been
fabricated; the electrical systems have
been commissioned, and the air-
conditioning and ventilation systems
are almost ready. Two sodium pumps
have been fabricated indigenously.

The Reactor Research Centre has
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made significant progress in its R & D
programme in the anus of sodium
technology, metallurgy, reprocessing
and material science. It is also work-
ing on the preliminary design of a
500 MW sodium cooled fast breeder
reactor.

BARC. The major h & D projects
with the Bhabha Atomic Research
Centra are the Variable Energy Cyclo-
tron Project (VEC), the R-5 Project
and the MHO Power Generation Pro-
ject. The Variable Energy Cyclotron
was commissioned and was available
for utiteation during the year. A
steady external beam of 4 micro-
amperes of alpha particles at 30 MeV
was obtained and a beam of 1.25
micro-amperes was obtained in the
experimental area. The power supply

to the VEC is provided by 4 diesel
generating sets installed at the site.
The R-5 Project refers to the 100 MW
thermal research reactor under con-
struction at BARC. When compietri
it will be among the most powerful
research faculties in the world. The
project has made good progiess:
The reactor building, the service buMd-
ing and stack civil works have been
completed; the reactor vessel and
coolant channel assembly were fabri-
cated in the BARC, while a number
of other components such as end-
shield, annular shield, deck plate,
fuelling machines, heat exchangers
etc. an» under fabrication in various
engineering firms. It should be noted
that the R-S reactor vessel is the first
indigenously designed unit of its
kind in the country.



The MHD Power Generation Project
has been wholly funded by the
Department of Science and Techno-
logy and is jointly executed by
BARC and the Bharat Heavy
Electricals Ltd. at Tiruchirapalli,
Tamil Nadu. The civil works of the
laboratory building at the project
site has been completed and equip-
ment for various laboratories is being
procured. The test MHD Generation
Section, which was designed, fabri-
cated and assembled utilising techni-
ques developed at BARC was run
continuously for 64 hours at the
Soviet MHD Facility in Moscow
during May 13-16, 1980 under the
Joint Indo-Soviet Cooperation Pro-
gramme.

The Radioisotcpes programme of
BARC continued to make substantial
progress in developing applications
in industrial, medical, agricultural
and research fields. Radioisotopes
and equipment are also supplied
within and outside the country.
About 37,000 consignments of
radioisotopes and equipment inclu-
ding 12 cobalt teletherapy units
needed for treating cancer were sup-
plied to the users within the country
during the year. Outside, the major
supplies made included a gamma
chamber unit, to Sudan and isotope
handling equipment to the Rangoon
General Hospital, Burma.

ISOMED the plant for radiation
sterilisation of medical products at
Trombay sterilised a totaj of 2,446 cu.
m. of a variety of medical products
this year.

The total sale value of the radio-
isotopes supplied, and services render-
ed by ISOMED during the year is
Rs. 104 lakhs.

Mutants: New improved cultures of
groundnuts, mustard, sesame rice,
tur, moong and jute were developed
by BARC; the mutants of these crops

and of sugarcane evolved earlier
are being tested at different agricul-
tural universities as part of the co-
ordinated programmes of the Indian
Council of Agricultural Research,
and at the district level trials of the
Ministry of Agriculture.

Two sugarcane mutants, TS-1 and
TS-8, developed earlier at BARC
have been evaluated by 20 sugar
factories in India with respect to
crop stand as well as processing
parameters. Some of the factories
have undertaken large-scale multi-
plication of these mutants for mill
tests and nucleus seed production.
The All-India Coordinated Research
Project (Sugarcane) of the ICAR,
and the Department of Agriculture,
Maharashtra are undertaking pre-
release testing programmes of both
these mutants.

PUBLIC SECTOR UNDER-
TAKINGS

Tha Indian Rara Earths Ltd :
This company maintained its record of
good performance during 1979-80.
It hopes to attain in the current
year a sales target of the order of
Rs. 1100 lakhs as against Rs. 1033
lakhs last year. The export earnings
also registered a growth from Rs.543
lakhs to Rs. 550 lakhs, in the current
year. The company has substantial
orders in hand for export of ilmenite
to Japan and West Germany.

Uranium Corporation o f India Ltd:
During 1979-80 the company made
a profit of Rs. 50.40 lakhs. Trie total
income this year has gone up to
Rs. 672.41 lakhs as against Rs. 601.69
lakhs during the previous year. There
was further improvement in ore pro-
duction as more working points in
the mines were brought into pro-
duction during the year. The miil
operated at 85.6 per cent of to in-
stalled capacity despite power inter-
ruptions/restrictions.

Electronics Corporation of India
Ltd : Production for 1979-80 reached
Rs. 4,361 lakhs, representing an in-
crease of 26 per cent over the cor-
responding figure in the previous
year. Sales in 1979-80 were 15 per
cent higher than in 1978-79, which
had recorded Rs. 4,412 lakhs. The
company has successfully reversed
the trend towards losses; it made a
net profit of Rs. 11.51 lakhs in
1979-80.

INTERNATIONAL RELATIONS

For the 24th year in succession
since the inception of the Inter-
national Atomic Energy Agency
(IAEA), India was nominated a
member on the Agency's Board of
Governors.

Subsidiary arrangements with regard
to safeguards in connection with
reprocessing of spent fuels from the
Rajasthan Atomic Power Station and
the Tarapur Atomic Power Station
at the Power Reactor Fuel Re-
processing Plant, Tarapur were final-
ised with the IAEA and the arrange-
ments came into effect from August
12,1980.

An Indian delegation led by
Dr. H. N. Sethna, Chairman, AEC and
Principal Secretary, DepL of Atomic
Energy participated in the 24th
Regular Session of the IAEA General
Conference in Vienna in September
1980.

An agreement of collaboration bet-
ween India and Syria in the peaceful
utilisation of atomic energy was signed
on May 1 , 1980. An agreement
signed with Yugoslavia on March 16,
1979 became effective from Septem-
ber 1980 with the exchange of
instruments of ratification.

An agreement was signed on January
9,1981 between India and Indonesia
for cooperation in the peaceful utili-
sation of nuclear energy. *



NUCLEAR
POWER

Power Projects
Engineering Division

Tarapur Atomic Power Station

The station has completed eleven
years of successful commercial opera-
tion. It generated around 1646 million
units during 1980-81 (upto Feb, 28)
of which 683 million units went to
Maharashtra and 849 million units to
Gujarat. Even though unit-wise
power levels were restricted to 160
MWe to conserve the available
fuel (because of uncertainty in supply
of enriched uranium from the USA),
the station achieved a capacity factor
of 48.9%.

Rajasthan Atomic Power Station

Unit I operated satisfactorily at an
average level of 200 MWe till
December 18, 1980 when failure
of a fuse in a control circuit led
to reactor trip and dousing. The
unit was resynchroniced to the grid
on Jan. 28, 1981 after completion
of shut-down jobs. During 1980-81
(upto Feb. 28) the unit generated
around 972 million units and tent out
839 million units, with availability and
capacity factors of 76.5% and
55.1%respectively. There were in
all 19 outages.

Unit II achieved crrticaWty on October
8,1980 and was synchronised to the
grid for the first time on November 1,
1980. The unit is in the commissioning
phase and has been test-run up to
a power level of 166 MWe. The
unit is presently operating at about
130 MWe. It is expected to go into
commercial operation shortly.

Madras Atomic Power Project

At unit I, construction work, as well
as installation of equipment has been

completed in almost all areas. The
work in some of the areas of fuel
handling and instrumentation is
in the final stages. Hydro test
of the primary heat transport
system has been completed, and
other commissioning works are in
progress. In physical terms, 99%
of the work has been completed.
Unit I is expected to be commission-
ed in 1982.

At unit II, about 79% of the work
has been completed. The main plant
civil works have been completed
and the major reactor components
have been installed. Around 70%
of the piping work has been com-
pleted. Production of coolant tubes
is in progress. Manufacture of
moderator pumps, heat exchanger.
Meed condenser. Meed cooler and
standby coolers is nearing com-
pletion; these equipments ace ex*
pected to be delivered at she shortly.
The unit is expected to be com-
missioned in 1984.

Narora Atomic Power Project

Civil works have been completed

Unit I generated 1047 million units
with availability and capacity factors
of 88.7% and 62.2% respectively.

Unit II generated 600 million units
during 1980-81 (upto Feb, 28) with
availability and capacity factors of
61.3% and 35.6% respectively. The
unit was taken out for its seventh
refuelling outage on November 22,
1980; refuelling work is in progress
at present.

Significant jobs carried out during
1980-81 are: (i) augmentation of fuel
pool by high density stainless steel
racks, (ii) replacement of all relay
coils of safety related electrical sy-
stems with relay coils using improved
type bobbins made of poly-carbon-
ate, and (iii) completion of over-
hauling programme of reactor
recirculation pump motors.

The discharge of radioactivity to the
environment was well within the
prescribed limits.

A «i«w of tb* H-JMlh-n Atomic Powor Station at Kot-. fUjocthan
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to the extent of 89% on Reactor
Building No. 1, 65% on Reactor
Building No. 2, 94% on Turbine
Building No. 1 and 66% on Turbine
Building No. 2. Erection of structural
steel is nearing completion and fabri-
cation of miscellaneous tanks at site
workshop is in progress. Fabrication
of major nuclear equipment such
as the calandria, end-shields, steam
generators and headers is in progress
at the manufacturer's works. As per
the current schedule, the two units
may be completed in 1986-1987
respectively.

Nuclear Fuel Complex

The activities of the Nuclear Fuel
Complex can be broadly divided into
two main groups : (i) the Fuels
Group and (ii) Tubes Group.

The Fuels Group is designed to
meet the fuel and zircaloy require-
ments of the nuclear power reactors.

The following plants are operated
in this group : (1) Zirconium Oxide
Pi'ant (2) Zirconium Sponge Plant
(3) Zircaloy Fabrication Plant (4)
Uranium Oxide Plant (5) Enriched
Uranium Oxide Plant (6) Ceramic
Fuel Fabrication Plant (7) Enriched
Fuel Fabrication Plant (8) Fast
Breeder Test Reactor Component
Facility and (9) Common Plant facili-
ties.

In addition, a Special Materials
Plant (which makes ultra-pure ele-
ments and compounds for the ele-
ctronics industry), and a Titanium
Pilot Plant are in operation.

There is also a Process Development
Group.

The Tubes Group consists of : (1)
Extrusion and Piercing Press In-
stallation, (2) a Seamless Stainless
Steel Tube Plant and (3) Ball Bearing
Tube Plant. Till end February 1981,
25 MT of natural uranium fuel was
shipped to the RAPS site and 4.5
MT of depleted uranium fuel was
shipped to the MAPP site. 10 bundles
with alternative design (with 22
elements) for NAPP were despatched
to BARC for type testing.

On the enriched uranium side, only
available scrap was being processed
till the receipt of 19.8 MT of enriched
uranium hexaflouride in October,
1980. From Oct. 1980 onwards, in-
riched uranium hexafluorids is being
processed, besides the scrap. Deve-
lopment work on indigenisation
of spacers and tie-plates has been
completed.

All the equipment required for the
Fast Breeder Test Reactor facility
have been commissioned. Production
trials for standardising the para-
meters are expected to start soon.
The facility is expected to start
production during 1981-82.

Modifications carried out on the
fusion furnaces at the Zirconium
Oxide Plant has increased equipment
availability from 70 to 95 per cent.
Augmentation of equipments has been
completed and the plant is capable of
producing to its rated capacity of
125 TPY.

At the Zirconium Sponge Plant,
because of the various technical
improvements made in the previous
years, equipment availability has in-
creased. The plant is now in a posi-
tion to work to a capacity of 80 MT
per year.

At the Zircaloy Fabrication Plant
an alternative route for manufacture
of coolant tubes for MAPP II has
been standardised and production
has started. Scrap melting capacity
is being increased from 1 T to 3 T
per month. As a developmental effort,
a new route for manufacturing fuel
tubes is being attempted. Production
of guide tubes for the R5 reactor
has been completed. In addition, the
normal requirement of fuel tubes and
components, like wires, rods etc.
for the Rajasthan and Tarapur Station
reactors are being met.

The expansion project for increasing
the fuel production capacity from
the current 100 T per year to 200 T
per year has been sanctioned. Civil
work is already in progress. Equip-
ments are being received. The pro-
ject is likely to be completed by early
1982. The expansion of ZSP and

ZOP will take around 2 to 3 year»
from now. These projects an» re-
quired for increasing the zircaloy
production capacity.

At the Special Materials Plant, sales
for 1980-81 are expected to b»
around Rs. 18 lakhs. A medium
scale (2 kg per batch, 10 kg per
day) rotating unit for preparing high
purity magnesium granules is under
fabrication for pilot scale work. After
optimising the various parameters,
design work on a large plant scale
equipment will be taken up.

The value of production achieved
in the Fuels Group till end Feb. 1981,
works out to about Rs. 4.88 crores.

Process Development: The Process
Development Section carried out the
following activities:

(i) For Uranium Oxide Plant: A
slurry contactor was developed to
extract uranium directly from the slurry
after the dissolution of concentrates,
thus avoiding as many as four filtra-
tion* and repulping operations, and
an evaporation step. A prototype
unit was designed and fabricated and
trial runs have been made; regular
equipment of plant capacity is being
designed. This development will re-
sult in considerable savings in man-
power, plant space, and energy.

(ii) For Zkconhim Oxide Plant:
Modifications in the solvent extrac-
tion process for Zirconium/Hafnium
separation have been carried out to
do away with sulphuric acid strip-
ping. The equipment capacity has
been substantially increased by this
process, the hafnium by-product has
also been enriched — from 20
per cent concentration to 50 per
cent concentration — with respect to
zirconium. Trials are continuing to
establish conditions to get +95
per cent hafnium directly in one pas*.
Further, a flow sheet has bean
established to further purify this
oxide to nuclear grade.

Tubas: In the Tubes Plant per-
formance guarantee trials of the
Extrusion and Piercing Press in-
stallation have been successfully



completed. At the Stainless Steel
Tubes Plant, production up to end Feb.
1981 has been 349.6 MT, with a
value of about Rs. 4.47 crores.

At the Ball Bearing Tube Plant, all
major items of equipment have been
commissioned.

Trial production of ball bearing tubes
was started during the year. So far
127.05 tonnes of ball bearing tubes
meeting the stringent specifications
of various customers have been
produced. Out of this, 125.27 T
(at a value of Rs. 26 lakhs) have been
supplied. It is to be noted that most
of the customers who have hitherto
used imported tubes have found
NFC's products acceptable for
production of bearings.

Heavy Water Projects

Heavy Water Plant (Baroda):
After revamping of the plant, which
suffered heavy damage in an accident
on December 3,1977, the testing and
commissioning activities were carried
out during the first half of 1980. The
plant went into production on July
21. 1980. Sustained production
commenced on January 2, 1981.

Heavy Water Plant (Tuticorin):
The plant operation during the year
continued to be intermittent because
of frequent power failures and inter-
ruptions in the supply of synthesis
gas from the associated fertilizer plant
of SPIC. Despite these constraints,
more or less sustained production has
been achieved since the beginning of
January 1981.

Heavy Water Plant (Kota): The
plant is practically ready except for
some items of work relating to in-
sulation piping. The distillation unit
has been commissioned up to the
fourth stage (out of five stages),
and the performance so far has been
satisfactory. In connection with the
operation of the distillation unit,
auxiliary units like raw water pumps,
compressor plant, water treatment
plant, djmineralisation unit, cooling
towers, nitrogen generator units and
refrigeration plant have been operated
round the clock. The remaining parts

An aarial viaw of tha Huvy Water Plant at Kota in Rajasthan

of the plant viz the auxiliary boiler,
the hydrogen sulphide unit and ex-
change unit are being commissioned
progressively. The commissioning and
operation of the distillation unit,
with all the auxiliaries, has proved
to be an important landmark as it has
provided valuable experience in
operating the plant, spread over a
vast area, from the central control
room. If no problems are encountered
in commissioning of the remaining
systems of the plant it would become
operational by November 1981.

Heavy Water Plant (Talcher) : The
plant has been in the testing and
commissioning stage during the year.
Pressure testing of different systems
has been completed. Testing of the
pumps for liquid ammonia, the last
remaining equipment is in progress.
Subject to availability of synthesis
gas from the fertilizer plant in re-

quired quantities, the plant would be
operational by August 1981.

New Heavy Water Plants: In the
context of the perspective plan pre-
pared for nuclear power, a plan has
been formulated for setting up more
heavy water plants during the cur-
rent plan. The first phase of this pro-
gramme is the installation of three
plants — two based on ammonia
hydrogen exchange process ."inked to
fertilizer plants, and one based on the
hydrogen sulphide water exchange
process similar to the plant at Kota.
Preparatory work has been initiated
on these three projects which have
been included in the Sixth Plan.

A pilot plant to establish the feasibility
of setting up heavy water plants ba-
sed on ammonia-hydrogen exchange
process, independent of the fertilizer
plants is also being set up at Baroda.
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Atomic Minerals Division

Survey and Exploration: An area
of more than 13,000 sq. kms was
covered by detailed radiometric sur-
veys, and more than 2000 route kms
were covered by jeep-borne scin-
tillometer surveys-
Significant concentrations of uran-
ium have been located near Darba
in Bastar district. Madhya Pradesh.
At Khalguda, South Kanara district,
Karnataka, radioactivity has been
met with. Interesting radio-
activity anomalies have also been
located at Kathla and Dau-Daliyan
areas in Harnirpur district, Himachal
Pradesh. Extension surveys in Saha-
ranpur district, Uttar Pradesh, have
revealed radioactivity intermittently.
Uranium mineralisation has been
discovered in three 2ones near
Brijranigad and Sileth, Tehri district,
Uttar Pradesh.

Radioactivity has also been indicated
intermittently near Chirho in Bastar
district, Madhya Pradesh.

Exploratory underground develop-
ment: Exploratory underground
mine development work continued
at Bodal in Rajnandgaon district,
Jajawal in Sarguja district of Madhya
Pradesh and Astotha in Hamirpur
district, Himachal Pradesh.

Exploratory Drilling: A little over
17.000 metres of drilling was carried
out at different prospects in Rajnand-
gaon and Sarguja districts, Madhya
Pradesh; Singhbhum district, Bihar;
Hamirpur district, Himachal Pradesh;
Khasi and Garo Hills districts,
Meghalaya, and South Kanara dis-
trict, Karnataka.

Drilling has started a Darba in
Bastar district, Madhya Pradesh.

Subsurface exploration by core drill-
ing in Bodal, Rajnandgaon district,
Madhya Pradesh, has established an
ore body over 1250 m of strike
length and up to a vertical depth of
350 metres. Total indicated and in-
ferred ore reserves stand at 1956
tonnes of UjOa of grade 0.067 per
cent. Exploratory drilling to prove
further reserves is in progress.

Thorium and Rara Earths Inves-
tigations: Reconnaissance, surveys,
drilling and laboratory investigations
for estimation of heavy mineral re-
serves e.g. monazite, ilmenite etc.
were carried out along the coasts
of Kerala and Tamil Nadu. A total
of 480 hectares, over a coastal
length of 16 km, were surveyed and
some 2800m drilled in these two
States.

Niobium-Tantalum and Beryllium
Investigations: Investigations for
location of new areas of niobium-
tantalum from pegmatites and grani-
tes, and recovery operations at known
deposits, were continued in Bihar,
Karnataka, Rajasthan, Madhya Pra-
desh and Andhra Pradesh. As a
result, about 15 tonnes of colum-
bite-tantalite were produced.

An area of 2379 sq. km was surveyed
in these states for location of addi-
tional sources of the minerals.

A reserve of 9,400 kgs of colum-
bite-tantalite has been assessed in
Bihar, Karnataka and Rajasthan. In
addition, about 95 tonnes of poly-
mineralic concentrate consisting of
cassiterite columbite-tantalite have
been proved at Mundwal and Badan-
pal areas in Bastar district; Madhya
Pradesh.

8.3 tonnes of mineral concentrate
analysing over 25 per cent TA*OS
was supplied to trie Nuclear Fuel
Complex, Hyderabad.

Helium Investigations: Detailed geo-
logical investigations for helium were
carried out in the hot spring areas
of Bakreshwar, Birbhum district; West
Bengal, and Tantloi-Surajkund areas
of Santhal Parganas and Hazaribagh
in Bihar.

Drilling in the area, which aggre-
gated 460m, has now been
temporarily suspended until geophy-
sical surveys are conducted to deli-
neate the structure.

Research and Development: The
following work was undertaken in
Instrumentation during the year: (i)
The circuit designs of a new air-
borne data acquisition system based
on CMOS IC chips was finalised;

detailed design work is being taken
up. (ii) A spectral gamma logging
system incorporating a prototype
spectrum stabilisation system was
fabricated and tested. Work on the
development of a multipara logging
system is in progress, (iii) A scin-
tillation arch with facility of auto-
matic indication and print-out of
the grade of the ore was fabrica-
ted and installed, (iv) Fortran pro-
grammes were developed for fitting
two-dimensional least square sur-
face for magnetic data over Jajawal
and Dumhath, and for extraction of
the regional component of the gra-
vity data. Programmes in BASIC
were developed for Micro-78 for
mathematical modelling for the com-
putation of magnetic anomalies due
to prismatic, spherical and rod type
bodies.

Laboratory Techniques: (i) A new
technique for discriminating between
radon and thoron, as measured by
the SSNTD technique, was deve-
loped and tested in the field, (ii)
Trial experiments were carried out
for obtaining prompt gamma mea-
surements in simulated boreholes
with a view to applying this tech-
nique in in-shu borehole measure-
ments, (iii) Investigations are on
on synergism in the extraction of ura-
nium in the presence of antipyrine;
estimation of uranium, iron, copper,
titanium, gallium, germanium, moly-
bdenum, tungsten and vanadium from
a single "stock solution" in order
to devise a scheme of rapid silicate
analysis, (iv) Rapid, precise, and
non-d3structive analytical technique
was developed to estimate minor
elements in columbite-tantalite, and
graphite.

Collaboration with other organisa-
tions: The Division continued to
collaborate in scientific investiga-
tions with sister organisations. State
Government Departments, Public
Sector Undertaking, Universities etc
Under this programme, boreholes
drilled in different parts of the coun-
try by various agencies were exa-
mined for radioactivity by gamma-
ray logging.

Technical assistance by way of
analytical facilities and training of
research scholars, was provided to
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the Geological Survey of India,
Banaras Hindu University, Osmania
University, Andhra University etc. and
Hindustan Zinc Limited, Bharat Heavy
Electricals .Limited, Hyderabad and
Nuclear Fuel Complex, Hyderabad.

Collaboration with other countries.

including international projects: The
following research works were con-
tinued under contract with the Inter-
national Atomic Energy Agency (a)
Study of Factors Controlling Forma-
tion of Sandstone Type Uranium
Deposits in India, (b) Bacterial Lea-
ching of Uranium from ores.

The Division is also collaborating
h a number of projects under
the UNESCO-sponsored International
Geological Comeilation Programme.

The Division also carried out studies
on some beach sand samples of
Egypt.
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RESEARCH AND
DEVELOPMENT

Bhabha Atomic
Research Centre

Variable Energy Cyclotron
Project

The VEC was commissioned for
utilisation purposes using power from
4 diesel generator sets, each of 500
KVA, installed at VEC site. A steady
external beam of 4 micro-amperes
of alpha particles at 30 Mev was
obtained and a beam of 1.25 micro-
amperes was obtained in the experi-
mental area. Thorium foils were
irradiated to produce alpha-induced
fission and activity from fragments
was studied. Copper was irradiated
with alphas and gallium-67 isotope
was produced on a trial basis.
Elastic and inelastic scattering of
alphas from carbon has been
observed.

The grid power supply from the
West Bengal State Electricity Board
to the VEC Project site continued
to be erratic. Negotiations with the
WBSEB for obtaining reliable un-
interrupted power for the operation
of the cyclotron are continuing. Unint-
errupted electrical power from the
diesel generators has been available,
in a limited way, from July 1980.
Using that power from the captive
power plant the vacuum and the
radio-frequency system of the cy-
clotron has been operated. The main
magnet, trim coils and valley coils were
energised and various magnet cur-
rents were held stable for prolonged
periods. Ion source movements and
gas flow were also tested.

The coils and the aluminium vacuum
chamber for the analysing magnet
are under installation. Three beam
transport channels were assembled
and aligned for experimental work.

For the magnetic spectrometer, steel
components, cast and forged at

HEC, Ranchi ars awaiting machining
and assembly. Fabrication of coils
is being negotiated with BHEL,
Bhopal. Components for a new RF
power amplifier system, using power
tetrode were fabricated and assembly
work is in progress. A neutron
detection system, using liquid scm-
tillator and photomultiplier tube, was
assembled for neutron spectroscopy
work.

Theoretical w o * relevant to VEC
experimental progrdmme include a
study of frictional forces between
two i.eavy ions, calculated using
linear response theory; fusion cross-
sections for a number of systems
using parameter-free microscopic the-
ory and range of effective projectile
nucleon interaction for a number of
projectiles. Extensive studies have
been undertaken on various types of
advanced high energy accelerators as
a part of the programme initiated by
the National Committee on Advanced
High Energy Accelerator Facility.

The one megabyte IRIS-80 com-
puter, opened to users initially on a
one shift basis, is now running in
two shifts on diesel power. Two
application programmes, namely. Data
Base Management System (uud for
creating personnel data base), and
information Retrieval System have
been set up. The INIS (International
Nuclear Information System) biblio-
graphic data has been successfully
retrieved using this programme and a
Selective Dissemination of Informa-
tion (SDI) service started.

The programme of collecting gases
from the hot springs at Bakreshwar
and Tantloi on a regular basts,
analyzing their contents and se-
parating helium was continued. Hel-
ium content varies from 1.5% to
1.8%. Recovered helium is used in
the VEC laboratory.

R-5 Project

The 100 MW thermal research react-
or, R-S Project made steady progress.
The reactor vessel and coolant chan-
nel assemblies were fabricated in
BARC, while a nurróer of other com-
ponents such as end-shield, annular,
shield, deck plates, fuelling machines,
heavy water and process water heat

exchangers etc. are in advanced
stage of manufacture in various engi-
neering firms. Site deliveries of these
components, as also the reactor vessel
vwre started, and in-shu equipment
erection commenced, The reactor
building servic building and stack
civil works were xnpleted.

Design: Design, piping stress,
system dynamic, and safety analyses
were continued. Revised reliability
analysis of the emergency cooling
system and the safety logic of R-S
protective system, and seismic analy-
sis of reactor structure are nearing
completion.

Design of logic circuits for the control
of various systems is in progress.
Design of interlock circuits for vault
and shield cooling system was com-
pleted. The control logics of various
process systems, list of instalments
and controls were reviewed and up-
dated. A circuit for the computation
of total reactor thermal power was
designed. Various nuclear instru-
mentations are under fabrication.
After completing the prototype test-
ing of shut-off rod mechanism, fabri-
cation of components was under-
taken.

Testing: Testing of different designs
of fuel dusters was continued.
Endurance testing of two types of
fuel clusters was carried out Pies-
sure drops for full length awemblies
were measured in endurance test
rig. The third in-pile asembry com-
pleted its stipulated bum-up sucess-
fulry. Modifications are being carried
out in the design of locking mech-
anism of seal and shield plugs.

The mock-up for studying the transi-
ents of coolant system of die fuelling
machine during on-power fuelling
was commissioned and further tests
am underway. A full-scale wooden
model of the bottom section of
fuelling machine 'A* shielding flask
was fabricated to study and plan the
layout of embedded pipe lines and
space for maintenance. Mock-up lead
filling of shielding flask and skirt was
completed. The fhn stage tasting of
hydnuKc drives and controls for
fuelling machine carriage and trolley
were completed at the sub-vendor's
works.
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Fêbrictüon: Manufacture of the main
outlet header assembly, annular
shield, end-shield, inner and outer
deck plates, beam hole gates and
gate mechanisms, heavy water heat
exchangers, water treatment plant
equipment chtorinatton equipment,
filters, strainers, rubber expansion
joints, miscellaneous pumps for pro-
cess system, expansion tanks, pro-
cess water pumps, compressors,
on-power fuelling machine magazine
assemblies, carriage and trolley,
shielding flask and skirt for fuelling
machines etc. is in progress at
various vendor's works.

Major fabrication woifc on the reactor
vessel at the Central Workshops
of the Centre was completed, and
rolling of beamhole re-entrant cans
would be earned cut at site to
complete reactor v&fteJ assembly
prior to its installation in the reactor
vault. In the fabrication of the stainles?
steel vessel weighing around 30 Te,
very exacting and stringent specifica-
tions of ASME boiler and pressure
vessel code had to be complied with.
Since extensive welding operations
were involved, application of the
election beam welding technique
was chosen to achieve very low
distortion tolerances. This is the first
time that ihis sophisticated welding
technique has been successfully
employed in the manufacture of
the reactor vessel, which is one of
the major nuclear components in a
reactor.

Rolling procedures for all types of
rolled joints in the reactor vessel
were completed and necessary fix-
tures for the site work were designed
and are being fabricated. Training of
skilled manpower for these activities
as well as for sequential activities
following reactor vessel installation
in the vault was completed.

Manufacture of coolant channel
assemblies is nearing completion.
Guide tube assembly work was
started and mote than 50% of the
guide tubes were assembled.

Stainless steel bellow seated globe
valves, high pressure and low pies-
sure helium tanks, canned rotor
pumps for heavy water system, all
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soa water pumps and motors, ISO
KVA M. A. sets, 3 .3 KV switchgear
units, lOTe EOT cranes, data ac-
quisition modulM for data handling
systtm etc, ware received at art».
Process wster/ssa watar, haat ex-
changars, stainless staal, rubbar dia-
phragm valves, receiver gauges, pree-
«ure gauges, pressure switches, differ-
ential pressure transmitters, electronic
hardware etc. are progresstveh/ be-
ing delivered.

Instillation: Stainless steel lining of
the reactor vault was completed and
further installation work in vault
area is underway. Installation of
equipment which are already at site
was taken up. lining work for out-
side sumps was completed and stain-
less steel lining of fuel handling bays
in the spent-fuel storage building
is in progress. Work on installation
of underground chWed water, fire
fighting system and service water
system piping is in progress. Two
10Te EOT cranes wara installed in
service building. Electrification and
air-conditioning and ventilation work
for reactor and service buildings and
attached laboratory is well under-
way. Work on the 3.3 KV electrical
power supply units at jetty head for
sea water pumps was taken up.
415 volt electrical panels we» install-
ed and installation of ACVR panels
ana Denary Denies is m progrsei.

Civil works for reactor annexe, at-
tached laboratory, guide tube labora-
tory, underground dump tank and
outside sumps were completed. Spent
fuel storage building and filter house
are neanng completion. Work on the
overhead emergency water storage
tank above the spent-fuel storage
building was taken up. CrvH modifi-
cations to CIRUS Jetty head was
completed except for Caisson
chamber No. 1 .

Commissioning: Detailed design,
commissioning and operating man-
uals, test sequence diagrams, test
procedures etc. e n being prepared,
for commissioning of the different'
systems and equipment.

MHD Power Generation Project

The MHD Power Generation Project
wholly funded by the Department
of Science and Technology and

jointly executed by BARC and Bharat
Heavy Electrical Limited, made signi-
ficant progress. The civil works of the
laboratory building of the complex
ware completed at the project site
at Tiruchirapalli in Tamil Nadu.
Planning and procurement of equip-
ment to commission various labora-
tories is currently underway. The
test MHD generator section, designed,
fabricated and assembled using the
techniques developed at BARC for
the Indian plant was run at the Soviet
MHD facility, U-02 in Moscow, for
64 uninterrupted hours during May
13-16, 1980, under the joint Indo-
Soviet cooperation programme. The
thermal, electro physical and life
tests were carried out with the plasma
at temperature of 2600 K, flowing
with a velocity of 400-800 m/s
in the channel, with a magnetic
induction of 1.7 tesla. During the
operation, the heat fluxes to the walls
and the current densities were com-
parable to the values present in
large commercial MHD generators.
The tested section was brought
back to India for post-operational
evaluation. Further improvements are
underway in the light of the experi-
ence gained; fabrication of the

MHD channel for the Indian plant
was taken up. Several plasma sprayed
assemblies were made using plasma
spray technology and tested as po-
tential MHD components,

Among the additional experimental
facilities for investigations on the
properties of seeded plasmas, the
100 kW seeded argon plasma unit
and the microprocessor-based spect-
roscopie plasma temperature measur-
ing system ate being tested.

PHYSICAL SCIENCES

A. Nuclear. Solid State, Neutron
and High Activity Physics

Studies ware continued on atoha-
pertide capture resonances in light
nuclei with the beam from the Van
da Graaff accelerator. The analysis
procedure of alpha-particle transfer
nuclear reactions induced by 1i
beam was investigated. Using the
proton beam from the 5 MeV Van da
Graaff accelerator, the nuclear «sec-
tions were studied to investigate
resonances in the compound nu-
cleus of TtGe which ars isobaric
analogue states of 3*Ga. Extensive
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work was carried out on metastabie
surface alloy forrrntion by laser
treatment of . deposited and km
implanted layers The mechanism of
impurity migration is being studied in
detail.

High momentum components of nu-
cleons in nuclei have been analysed
in terms of the quark structure of
nucleons.

Extensive work on pre-equilibrium
nuclear reactions was carried out
Closed form solution of the master
equations in these reactions was
obtained. Angular distributions and
excitation functions were calculated
for neutron-induced reaction. Several
(n, 2n) excitation functions are well
predicted.

The study of emission of light charged
particles in thermal neutron induced
fission of *"U using CIRUS reactor
was continued. Experiments were
carried out to study the emission
of both polar and equatorial light
charged particles in thermal and fast
neutron induced fission of ***U.
Significant differences were observed.

Mössbauer studies of a number of a
new type of metallopolymers and
copolymers prepared in the NRL
were continued.

Mössbauer studies were also made
on iron methacrylate and nickel
methactylates in methacrylic acid.

Some conductivity measurements
were also made, since the introduc-
tion of metals in polymers greatly
modifies their electrical properties.

Mössbauer studies of the gamma-
induced polymerisation of iron metha-
crylate at different doses of gamma-
rays were also made.

Inelastic neutron scattering studies
on a natural crystal of stibnite and
FeStare in progress. Theoretical stud-
ies to investigate the effect of higher
order rotational displacements of
'molecular' units on sum rules and in
relation to self-force constants were
carried out.

A study of biological properties th-
rough measurement of dynamical

part of crystalline field parameters
using MSesbauer technique has been
undertaken. The present studies en-
able measurement upto temperature
at which proteins actually function.

The ground state properties, finite
temperature thermodynamics and
magnetisation relaxation of various
two dimensional frustrated models
of Ising spin glasses were studied
using the Monte Carlo technique.

Purnhna: Work on core physics de-
sign aspects of the proposed 2»U-
Al alloy fuelled 30 KW neutron source
reactor for RRC was continued. The
layout of the water system, reactor
tank and shield was finalised.

A 20 KJ, 50 KV capacitor bank for
'Plasma Focus* and other fusion
plasma pinch studies was com-
missioned.

uiystt/hgrsphy: The detailed texture
and growth indices of tome U-fuef
and adjusted U-samples were exam-
ined by the powder neutron diffrac-
tion method. A number of important
computer codes for the study of
protein sttucture and function were
setup.

B. High Altitude Physics

Astrophysics: The study of the atmo-
spheric Cerenkov light pulses were
continued at Gulmarg and Srinagar.

Analysis of date on an atmospheric
fluorescence pulses was carried out

A long DBSBMne experiment lor De-
tecting cosmic gamma-ray bursts
with individual photon energy 10»-
1 0 " eV is being carried out in
collaboration with the Tata Institute of
Fundamental Research.

Sotar-TemstrM Physics: A pro-
gramme to study sun-weather
relationship was recently started.

A number of events have been re-
corded by the set-up at Gutmarg
which was designed to measure 1ns
flux of thermonuclear neutrons ex-
pected to be generated in lightning
strokes. Preliminary work shows that
in a lightning stroke, neutrons with
flux in the range 10"-10»« ara

C. Seismology

Monitoring of earth's seismidty and
atmospheric pressure variations was
continued on a round-the-clock basis.
The date acquisition system at Gauri-
bidanur was augmented by the addi-
tion of Frequency-Modulated-Dighal-
Converter which provides high quality
digital date of all seismic signals
with improved dynamic range. AM
signals resembling those of under-
ground explosive sources were pro-
mptly analysed after detection and
their sources located.

The microbarograph system detected
pressure waves corresponding to
acoustic gravity waves generated by
volcanic eruption of M t St Helen
on May 19, 1980. Abo, signals from
the Chinese atmospheric nuclear
explosion at Lop Nor on October 16,
1980 were detected. The yield of the
explosion is estimated to be about
one megation of TNT. dear long-
period surface waves generated by
the explosion were alto detected by
the Gauribidamir Seismic Array.

Fabrication of twenty timing units
for UNDP was completed. They
were tested and despatched to the
respective consignees in South East
Asia.

The rock-burst monitoring network at
the Kolar Gold field was enhanced by
die addition jrf three geophones at
different depths upto 3 km. These,
together with the eleven surface
sensors, nuns a mree Mmensfonai
network and contributed significantly
to source location of rock-bursts. Four-
teen rock-bursts which caused major
damages at Kotor Gold Field were
accurately located by this network.

New metlwdi of modelling tune
series were developed which promise
to yield very useful information
pertaining to the estimate of seismic

D. Spectroecopy

The rasssfcn program on «he

of rare earths atoms and ions and the
epecmi or meee ions m a crysiMine
environment were continued.
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of atomic lines of dysprosium and
X-ray excited optical luminescence
spectra and laser excited fluore-
scence spectra of Eu*+ Er'+ and
Tb*+ ions in YPO4 were investigated.

The high resolution electronic spectral
studies on diatomic molecular species
were continued.

The laser Raman spectra of NaHSO4.
Na*SO4 were investigated. The
work on the vibrational spectra of
the co-valent metal borohydrides of
uranium, zirconiun and hafnium was
completed. The infrared spectra of a
number of molecules like 2, 6
dimethyl pyrazine, 2 chloropyrazine
and 2-6-dichloropyrazine were ob-
tained. Vibrational assignments and
normal co-ordinate analysis were com-
pleted for this set of molecules.

High resolution spectra of ammonia
and borazine were recorded using a
semiconductor diode laser. The
analysis and assignment of the in-
frared and Raman spectra of methyl
pyrimidines and also the normal co-
ordinate analysis of these molecules
was completed.

Considerable progress was made in
the development of cryogenic in-
frared spectroscopy techniques. This
technique has been found to be
capable of detecting trace level im-
purities in high purity oxygen and
argon.

Work on the analysis of a number of
special materials that are needed
for the electronics, reactor and semi-
conductor technology was continued.
During the year, 1730 samples were
analysed, which involved 10440 de-
terminations by using optical emis-
sk> spectroscopy. X-ray fluorescence,
gas chrcKnatography and infrared
techniques. Bulk of the samples
was uranium melal turnings, thorium
and Twe-earths from the Uranium
Metsi rtant and Atomic Fuels Divi-
sion, metals and alloys from R-5
Project Metallurgy Division, and the
Power Projects Engineering Division,
and rare earths and pure materials
from Chemical Engineering and Che-
mistry Divisions. A few samples
were also analysed for outside parties.

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. To mention only a few,
a DC arc spectrographic method was
developed for the estimation of nine
trace elements in synthetic resin.
This method was employed for analys-
ing synthetic resin samples received
from IAEA under the Inter-comparison
Programme. A spectrographic method
for the analysis of sixteen trace
elements in rocks of granitic com-
position from Sighbhum region, Bihar,
was completed. These studies form
part of the Centre's contribution to
International Geological Correlation
Programme. An emission spectro-
graphic method for the analysis of
radioactive allanites for refractory ele-
ments like thorium, uranium and
yttrium was developed. X-ray fluore-
scence methods for the determination
of Ca, Fe, Ni, Cu. Mo and Pb in
sesquioxide of chromium and rare
earths, and unnium and thorium in
allanites were developed. An in-
frared method was developed for the
analysis of volatile trace impurities in
high purity UF,. Methods for analysis
of " N and deuterium near the natural
concentration range in ammonia
samples were developed using diode
laser techniques.

Chemistry and Materials

A. Chemistry

Using sensitive experimental and
theoretical techniques, radiation
and photochemical behaviour and
transformations of vitamins, laser
dyes, alkyl haiides and specific rare
earths systems were systematically
investigated. Mechanism of sulphur
poisoning of ruthenium methanation
catalysts and the effect of gamma
irradiation on catalytic activity were
evaluated. Effect of high preset*» on
electrical resistivity; thermo-electric
power and volume compressibility of
some valence fluctuating raw earths
alloy compositions were measured.

Some of the other areas wherein
advances were made are: role of
gamma radtorysis in controlling osci-
llatory chemical reactions; hydrc
isotope effects on dehydration of
ion exchange resins; thermodynamic
data on Cr-Ta and Cs-V-0 m

solid state reactions of oxides of
Th, V and rare earths; structural and
reaction studies of U. Mn, Cu, Pd
and Pt metal complexes, thermal
stability of LaCoO, based electro-
ceramics; precipitate and electro-
floatation methods for the removal
of traces of iron, mercury and
chromium from solutions and re-
covery behaviour of fast neutron
irradiated Zr and its alloys.

In the field of applied chemistry,
progress was made in the following
areas: recovery of gallium metal
from Bayer liquor by electro-refining;
recovery of In from drum filter cake of
Hindusthan Zinc Ltd., ultra-purifica-
tion of In, Sb and P; radiation stabi-
lity studies of greases and lubricants
used in reactor environments; radiation
grafting of monomers on synthetic
fibres and radiation porymerisation
of acrylates and synthesis of two
laser dyes.

In addition, die full demand for
phosphors and speciality research
chemicals required by the various
constituent units of DAE was met
The production of BA-60 Artificial
Kidney developed earlier, is being
stepped up to 10 units per week.

As in the past, close liaison was
maintained with operating nuclear
power stations, power projects, and
heavy water plants in respect of
water and steam chemistry and treat-
ment of raw water for use in boilers
and heat exchangers and suggested
surtable remedwri measures wherever
called for.

Special emphasis was laid on «he
following areas: re-exammationn of
water chemistry parameters of TAPS
from the point of view of stainless
steel pipe cracking; chemical cleaning
of RAPS-II shut-down cooling heat
exchangers; sea water cMorination
at MAPPto control bio-fouling; effect
of Adding various inMbitofsin raw
water to suppress corrosion MI differ--
•in neevy w m r punts, ptarmmg or

chMmstrylaboraloryM Kalpakkam;
development of methods for the
effective removal of oxidesof nitrogen
from catandria vault atmosphMwat
RAPS.



B. Analytical Chemistry

Work on 1910 samples involving
5050 separate determinations was
carried out during the year.

The design and layout for an ex-
perimental module for a prototype
ultratrace analysis facility, was fina-
lised. This prototype will provide the
controlled conditions and required
cleanliness to generate a new
level of analytical capability in the
nanogram to picogram range.

Development work for the evolution
of simple and more selective and
sensitive methods of analysis in-
cluded: (a) Neutron activation analy-
sis of traces of iodine in common salt
sample from goitre endemic areas,
teachable levels of arsenic (1-8ppb)
in glass ampoules for medicinal use,
gold doped into germanium detectors
for uniformity of distribution at requi-
red concentration level, (b) Separation
of traces of tellurium from selenium
by extraction of the bromo complex
into methyl iso-butyi ketone and
subsequent determination by atomic
absorption spectrophotometry; (c)
Determination of oxygen in samarium
cobalt alloys using a nickal copper
bath at 1650°C by the vacuum
fusion technique; (d) Gas chromato-
graphic determination of sub-ppm
levels of hydrocarbon vapours after
pre-concentration on a silica-gel col-
umn and of bis-chioro-methvi-ether
in air; (e) Estimation of ppb levels
of molybdenum by electron spin
resonance and of thio-urea by diffe-
rential electrolytic potentiometric
thtations; (f) Rapid and precise
determination of silca in rocks by
differential colorimetry.

In the area of forensic neutron
activation analysis, 52 exhibits were
analysed for Ba, Cu, Hg, Sb, Zn and
Pb to ascertain the presence of bullet
holes.

The ongoing basic research pro-
gramme covered the following: (i)
Mixed complex formation in aqueous
and mixed solvents of less common
elements like In, Ln, Th and U by
polarographic, potentiometric and
spectrophotometric techniques; (B)
Electrode processes by impedance
measurements; (iii) Synergttm

in the solvent extraction of rare
earths; (iv) Chemically bound copper
in several complexes, including
bovine serum albumin by positron
annihilation technique; (v) Electro-
chemical behaviour of anhydrous
rare earths chlorides in a molten
salt eutectic.

C. Radio-Chemistry

Basic research activities centered on
the areas of nuclear chemistry, high
temperature chemistry, structural
chemistry, solution chemistry and
radiation chemistry.

Radiochemical studies wer& carried
out on charge distribution in spon-
tatieous fission of ***Cf for under-
standing the effects of shells and
nucleon pairing on wkJth of the
distribution. In connection with stud-
ies on decay scheme of daughter
products of * U , gamma ray energ-
ies and intensities were determined
in the decay of M T h . Accurate
values were obtained for the half-
lives of *"Pu and M*Am using
mass spectrometry and alpha spectro-
metry.

Studies were carried out on the dis-
proportionation of UF» between 1230
and 1370°K employing vapour pres-
sure measurements by transpiration
technique. Synergistic extraction of
tnvatent actinides Am (III), Cm(lll),
Bk (III) and Cf(lll) by a mixture of
HTTA with neutral donors DOSO,
TOPO and TBP was investigated.
Studies were Curried out on the
extraction of Np(IV) and Am(lll)
by long chain sulphoxides. Single
crystal X-ray structure studies were
carried out on plutonium sulphate
tetrahydrate. EPR studies on rhodium
stabilized in NH«CI medium were
carried out. Studies on the mechan-
ism of reaction between U(VI) and
HJOJ were carried out Flash photo-
lytic investigations were carried
out on the reactions involving Pu
(VI) and SO;-and OH radicals.

The applied research and develop-
ment work was mainly concentrated
on plutonium fuel development and
chemical quality control of die
pkitonkim-based fuels.

Several batches of the microepheres
of (U, Pu)Ot on gram level were

prepared with 5,10 and 15% pluton-
ium by sol-gel process using hy-
drolysis route. As part of the pro-
gramme on chemical quality control
of plutonium fuels, work was initiated
on E.M.F. method for the determina-
tion of oxygen-to-metal ratio in fuel
samples. Work is in progress on
standardization of a method for the
determination of Li, K, Cu and Ag
in uranium samples by electrothermal
atomic absorption spectrometry.
Non-destructive assay techniques are
under development forchemical qual-
ity control and nuclear material
accounting. This includes fuel pin
scanner and neutron well coincidence
counter. A high resolution gamma
spectrometric method is being
developed for the measurement of
plutonium isotopic ratios.

Post-irradiation studies on irradiated
TAPS fuel elements were continued
using mass spectiometric, gamma
spectrometric and radio-chemical
methods. Experiments were conducted
at RAPS-II for the determination of
heavy water inventory using boron
as tracer and employing isotope
dilution mass spectrometry.

D. Metallurgy

Programmes connected with the pro-
duction of boron carbide and boral
sheets, graphite coating of fuel tubes,
roasting of nickel sulphide concent-
rate, fabrication of Nb-Ti super*
conductor wires, production and fab-
rication of Hf metal, reclamation of
Mo, 2r and Ti from scrap, wen»
continued. A facility for graphite
coating of fuel tubes was established.
A 15 KW electron beam furnace
was commissioned for melting nigh
temperature alloys.

The first phase of the pilot plant test
on salt roasting of nickel sulphide
concentrate from Jaduguda was
completed successfully. A rare earth—
silicon aNoy useful for grain size
connof or austenmc smniess stem
castings was produced by eiumin-
othermic reduction of mhoed ram
earth oxides. Rare earth cobalt alloys
TOT permanent magnets were
produced by a reduction- Wmkm
technique.

Thermodynamic studies on the pw-
peranon of uranium nttrioe



carried out. A facility for high tempera-
ture phase diagram studies and
vapour pressure measurements of
nuclear materials was set up, incor-
porating an electron bombardment
furnace.

The Beryllium Pilot Plant being set
up at Vashi, New Bombay is expected
to be commissioned shortly The civil
works have been mostly completed
and the electrical and ventilation
works are in an advanced stage of
completion. Equipment erection is in
progress and is likely to be completed
by early next year.

An electron spectrometer for Auger
electron spectroscopy and X-ray and
ultraviolet photoelectron spectro-
scopy studies was installed and
commissioned. Using this equipment
analysis of surface films, surface
segregation and sputtering were
carried out on materials of nuclear
interest.

Based on the microstructural and
textural investigations carried out
on zircaioy-2 tubing, fabricated by
hot-extrusion and cold pikjering, a

. new flow-sheet was standardised
for the production of zircaloy coolant
tubes at NFC. Tubes produced by
this new route were tested to meet
the required specifications concerning
mechanical properties of the cool-
ant tubes. Phase transformation stud-
ies on zirconium alloy systems were
continued. Based on these studies,
a modification of the zirconium end
of the Zr-Fe phase diagram has been
suggested.

Investigations of lattice and grain
boundary diffusion in 316 stainless
steel, chemical diffusion in Ti-Mo,
zirconium-stainless steel and ternary
Fe-Cr-Ni alloys, radiation hardening
in Nb, soild solution strengthening
in nickel-based alloys, structure
and properties of splat quenched al-
loys, positron annihilation studies in
ThO, and UO, powders and cor-
relation of point defect related
phenomenon with physical properties,
were carried out. Computer pro-
grammes for EPMA analysis were
developed.

Studies on the creep behaviour of
zircaloy-2, low temperature mechani-

cal properties of iron, ernbritaement
fracture and grain boundary segre-
gation in bcc metals, and ductiliza-
tion of electron beam welds in
molybdenum were carried out Work
on the development of in-pile creep
facility in R-5 is in progress. Radia-
tion embrittlement and fracture
mechanics studies of RAPS and
MAPP-I end shield materials, develop-
ment of pressure bonding of zircaloy,
electron beam zone-refining and
single crystal preparation of refractory
metals and alloys are in progress.
Strain ageing and fracture toughness
studies were carried out on 3.5%
Ni steel, nuclear pressure vessel
steels and low alloy steels.

Extensive corrosion research was
carried out on fuel-clad and coolant-
clad interactions, and evaluation of
steam generator and condenser
materials. Tests in high temperature
water (250-310°C) containing high
dissolved oxygen and lead as im-
purity showed the resistance to stress
corrosion cracking of Monel-400 and
lncoloy-800. Based on long term
corrosion tests on zircaloy-2, it was
possible to set the limit on nitrogen at
118 ppm below which no significant
acceleration of corrosion could be
observed.

Various wear and corrosion resistant
metal coatings by electrolysis and
alectroless processes ware produced
for MHD channel materials, elect-
ronic components, metal seals for
R-5 project etc. A process was
standardised for obtaining single hole
nozzles with circular orifices on
nickel plates. La, Ce and misch
metal were produced on kg scale by
fused salt electrolysis of the chlorides.

Development of nuclear ceramics,
high temperature ceramics for MHD
application and basic research on
special ceramics was continued.
Operation life test of Indian MHD
test generator carried out at the U-02
MHD installation at Moscow in-
dicated a very successful perform-
ance of the high alumina ceramic
modules developed in the metallurgy
laboratory.

High porosity and high surface area
alumina catalyst carriers were
developed. Extensive investigations

were carried out on the influence of
dopants on the sintering of pur»
alumina, on the stabilisation of srir-
conia by CaO and MgO, and on
the factors influencing the formation
of high density and inter-locked
mullhe crystals in mullite bodies.
ThOf-YtOt composition» for solid
electrolyte applications are being
studied. Basic studies on the mechan-
isms of sintering were continued. An
emperical relation was derived cor-'
relating surface energy with surface
diffushrity which is useful in con-
structing sintering diagrams.

E. RadkHTtetellurgy

Radiometellurgy Hot Cells have been
used for studies on irradiated TAPS
fuel elements to assess «he perform-
ance of both fuel and cladding
materials in power reactor environment
Present investigations have revealed
that the pellet-clad interaction failure
in TAPS fuel elements could be
attributed more to power ramps
(due to control rod movement) than
to the power levels at which the
fuel elements have operated.

Stress corrosion cracking failures in
the by-pass line and emergency
condenser piping of the TAPS reactor
were examined in the Hot Celts and
the investigations established that the
failures were due to 'sensitisanon
in the stainless steel tubes • However,
similar failure analysis on the re-
generative heat exchanger shell (S.S.)
indicated that the failure was due
to the over-pfeseunsetKxi of the
shell rather than sensrtisation of the
materials.

Post-irradiation examination of alu-
minium lithium aMoy pencils, tt> be
used as R-5 reactor adjuster rods,
were carried out in the Hot CeNs.

Compatibility and mechanical
property studies on a FBTR dummy
pin, which had undergone an endur-
ance test for 2000 his. in flowing
sodium at 550*C, were taken up.

F. Ore Dressing

A flow-sheet for the production
of molybdenite concentrate from
Rakha copper ore was developed.
The flow-sheet was tested at Rakha



concentrator site and the process
parameters were optimised. A report
containing the process flow-sheet
and process engineering details was
submitted to M/s Hindustan Copper
Limited.

After experimentation in the labora-
tory and also at the By-product
Recovery Plant at UCIL, Jaduguda,
recommendations for improving
the process performance of the BRP
were submitted. Many of these sug-
gestions have been implemented, re-
sulting in a higher grade and recovery
of the concentrate.

The process developed for the
recovery of rhenium from molybde-
nite concentrates from tie Byproduct
Recovery Plant, Jadugi da, by roast-
ing the molybdenite and scrubbing the
flue gases was tested for optimisation
of process parameters. A chloridising
roast method was tested in the
laboratory for the recovery of Ni
and Cu as water-soluble salts from
Ni and Cu sulphide concentrates of
the By-product Recovery Plant.

Investigations on Mosaboni copper
ore are in progress to find out the
possibility of obtaining separate
mineral concentrates yielding better
recovery of Ni, Co, Te, Bi, Ag and Au
than by the present plant practice.

The basic and applied research pro-
grammes carried out include: (1)
study of flocculation and flotation
of ultrafine mineral particles, (2)
flotation kinetics, (3) thermal effects
on flotability of minerals, (4) study
of petro-mineralogy and geochemis-
try of uranium ores and carbonatites,
(5) differential comminution of low
grade uranium ores, (6) residence
time distribution in multiple hearth
furnace and (7) mechanism of salt
roasting of sulphide minerals.

G. Special Materials

Studies were continued on the ex-
traction of thorium, separation of stable
isotopes; preparation of scintillation
chemicals, labelled compounds and
sulphur hexafluoride. Feasibility stu-
dies on the recovery of helium were
carried out.

Detailed design and cost estimates
were made for a plant to be set up

by Indian Rare Earths Ltd., for produc-
ing thorium nitrate using the solvent
extraction process. This process was
developed on a pilot plant scale.
Studies on two stage crystallisation
of thorium nitrate with recycle of
the mother liquor were completed
and this step is being incorporated
in the process flow-sheet. An ion-
exchange coiumn was set up for
studying the removal of thorium
from the by-product uranium.

Studies on the separation of stable
isotopes of boron, nitrogen, argon
etc. were continued. Experiments
were carried out for the determination
of single stage separation factor and
HETP values for the isotopic separa-
tion of boron with various ion-ex-
change resins. Comparative evalua-
tion were also carried out of the two
processes of boron isotopic separation
studied, namely, the ion-exchange
process and the exchange distillation
process. Preparation of deuterium
and nitrogen labelled compounds
and the scintillation chemicals PPO
and POPOP was continued to meet
the requirements of various research
organisations end units of the De-
partment. A facility for large scale
production of scintillation chemicals
is being set up to meet the increasing
requirement The installation of the
sulphur hexa-fluoride pilot plant was
completed.

An experimental helium purifica-
tion set-up was installed and trials
on the purification of crude helium
were carried out. Assistance was
provided to Indian Rare Earths in
carrying out the design, fabrication
and procurement of equipment for the
helium recovery system to be in-
corporated in the monante process-
;ng section of the Ahvaye Plant
Work on the determination of helium
content in gas samples obtained from
various sources was continued. Ex-
perimental work on various processes
of chemical benefication of iknenite
was continued. Studies were initiated
on the recovery of lithium from
leptdolite ore. Based on the corro-
sion-resistant treatment developed, a
solar evaporation pan at Kota was
lined to study its comparative per-
formance.

In the Uranium Metal Plant produc-
tion of nudeer-grade uranium metal

was continued to meet the fuel re-
quirements of CIRUS. Work on the
expansion of the Plant for meeting
the fuel requirements of R-5 reactor
made further progress. Fabrication of
most of the process tanks was
completed, and procurement of
equipment and machinery is in an
advanced stage. After completing the
development work on solvent extrac-
tion using slurry extractors and mixer
settlers, equipment design was carried
out and fabrication was started. Based
on laboratory-scale studies on the
recovery of byproducts from the
effluents and their disDOsal, larger
scale trials are being carried out
to finalise the design of process
equipment

Studies were carried out on
processes for the recovc.y of uranium
from ores and phosphoric acid, pre-
paration of high purity silicon and
silicon compounds, separation of rare
earths and preparation of rare earths
based catalysts.

For studying the recovery of ura-
nium from leach liquors containing
some suspended slime, a Higgins-
type ion-exchange system was inst-
alled on having a semi-continuous
contact arrangement and with resin
transfers carried out manually. From
the results of this study, it is planned
to install a unit wherein mechanical
transfer of resin will be possible.
Experimental work was carried out
on different solvent systems for the
recovery of uranium from phosphoric
acid. Bench-scale studies are being
planned before trying out the process
on a pilot-plant scale. Discussions
have been held with some phosphoric
acid manufacturers in the country
with a view to explore the possibility
of incorporating uranium recovery
circuits in their plants.

For testing silicon prepared by the
purification of trichlorosilane and its
thermal cracking, a crystal growing
unit was designed and fabricated.
With this unit it is possible to grow
single crystals and evaluate their
purity by resistivity measurement
The process for the preparation of
octyisHicate was standaidised after
carrying out several runs. It was
found to be a good substitute as a
diffusion pump fluid for the imported
silicon oWs.



Studies were carried out on the
preparation and testing of rare earths-
based catalysts. Methods for the
preparation of rare earths-transition
metal oxides, being studied mainly
for oxidation-reduction reactions and
pure rare earths oxides for dehydra-
tion and dehydrogenation of alcohol,
were standardised. Preliminary work
was carried out on the solvent ex-
traction process for the separation
of hafnium from zirconium using
amines as solvents. Studies were
continued on the recovery of copper
and nickel as sulphate from the
copper-nickel concentrate obtained
as byproduct at Jaduguda Uranium
Mill.

3. LIFE SCIENCES

A. Biology & Agriculture

Basic research programme in biology
and agriculture includes microbial
genetics, biological nitrogen fixation,
physiology of animal and plant sys-
tems and biophysical and biochemi-
cal aspects of photosynthesis.

In order to identify specific chromo-
somes in plants, research was initiat-
ed using slow-fading, DNA-binding
fluorochromes.

In nature, genetic diversity is pro-
duced by recombination of genes.
Detailed analysis of different mecha-
nisms (pathways) used by bacteria
to accomplish this process of
recombination was continued.

Studies on biological nitrogen fixa-
tion were continued. To facilitate
rapid determination of biological
nitrogen fixation rates, a new method,
based on the ability of certain che-
micals to precipitate acetylene, was
developed.

Studies on some aspects of chloro-
phyll synthesis were continued.

A new and simple method for screen-
ing lysine and threonine resistant
mutants of higher plants was esta-
blished. This would facilitate isola-
tion of mutants for studies on the
biosynthesis of some amino acids.

A spore bearing bacterium. Bacillus
sphaericus, highly pathogenic to

mosquito larvae, was successfully
mass-multiplied in nutriant broth
enriched with 0.3% molasses.

Chromium and lead are two
important industrial pollutants.
Studies on their uptake in tropical
and sub-tropical soil plant complexes
were continued. Greater quantities of
lead were absorbed by cereal crops
from tropical laterites as compared
to the alluvium and black soils.

A major fraction of the long-lived
transuranic radionuclide americium-
241 in edible pods of leguminous
plants, was found associated with
Salts of organic acids, phosphates
and carbonates. There was a marked
reduction in plant uptake of ameri-
cium with increasing organic matter
and clay mineral contents in soils.

With the objective of developing
suitable methods for the safe and
specific removal of radiostrontium
from the body, the ability of animal
tissues to discriminate between
strontium (Sr) and calcium (Ca)
was examined.

New, improved cultures of ground-
nut, mustard, sesame, rice, tur,
moong and jute were developed
while the mutants evolved earlier in
these crops and sugarcane are at
various stages of testing at different
agricultural universities, co-ordinated
programmes of the Indian Council
of Agricultural Research and in the
District, and Minikit trials of the
Ministry of Agriculture.

Minikit trials conducted in several
regions covering six states have
shown that Trombay groundnut (TG)
varieties, TG-3, TG-14 and TG-17
were particularly high-yielding in
Karnataka, parts of Gujarat Maha-
rashtra, Madhya Pradesh and Orissa.
Under a programme sponsored by
the Directorate of Oilseeds Develop-
ment, Ministry of Agriculture, over
6 tonnes of seed were distributed for
further trials at farmers' fields in
these states.

Yellow seeded Trombay mustard
(TM) culture TM-4, which hat per-
formed well in Rajasthan and Gujarat
was included, along with TM-2, in
the adaptive trials on 34 taluka seed
farms in Karnataka.

Tur, TT-6, and moong cultures, TP-6
and TP-7, fared satisfactorily in multi-
location trials in the Vidarbha region
of Maharashtra, and were included
for taluka seed farm trials by Maha-
tma Phule Krishi Vidyapeeth, Akota.

Trombay rice cultures with better
grain quality were superior to or at
par with grain yields in Minikit trial»
at the farmers' fields in Karnataka.

Jute culture TJ-40 had 11-15%
more fibre yield than the best variety
in adaptive trials in farmers' fields
at two locations in Orissa. I.? ether
trials, 3 year mean fibre yields were
higher ranging from 16-78 percent

Two sugarcane mutants TS-1 and
TS 8 developed earlier at BARC have
been evaluated by 20 sugar factories
in India with respect to crop stand
as well as processing parameters.
Because of the encouraging results,
some of the factories have under-
taken large-scale multiplication of
these mutants for mill tests and nu-
cleus seed production. Both TS-1
and TS-8 are now under zonal pre-
release testing programme of the All
India Co-ordinated Research Project
(Sugarcane) of ICAR, and also that
of the Department of Agriculture,
Government of Maharashtra.

Predominant reaction products of
ammonium orthophospnate and
polyphosphate fertilizers formed in
red, laterite, alluvial and Mack soils
were synihesised and evaluated as
sources of phosphorus for crops.
Based on these and earlier results,
Rashtriya Chemicals and Fertilizers
Ltd. have agreed to commence pilot
plant scale production of the ammo-
nium polyphosphate fertilizer for the
first time in the country.

When DDT was sprayed on ground-
nut plants, its residues were not
present in oil and seed cake. How-
ever, DDE, a break-down product
of DDT, was detected in the oil.

Normal field concentrations of the
herbicide. Tok and an insecticide,
Severn, did not adversely effect nodu-
lation in legumes. Higher concentra-
tions of both the chemicals, however,
inhibited nodule formation.
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Investigations are underway to evolve
ecologically acceptable insect pest
management strategies using insect
sex pheromones as one of the tools.
In a year-long study, the temporal
pattern of population abundance of
this pest at Food Corporation of
India godowns in Bombay was
determined.

A project to use bacteria for produc-
ing industrially important products
with greater efficiency was initiated.

B. Bio-Organic Research

The Tylophora alkaloids have been
shown to be active against leu-
kemia, immunopathological and in-
flammatory reactions in model ex-
periments, in laboratory animals.
They also inhibit protein synthesis.
Interaction of tylophorinidine and
tylophorine with proteins like bovine
serum albumen and lysozyme has
now been studied to explore their
binding characteristics.

Numerous shoot buds were induced
on cotyledonary explants of three
cultivars of safflower (Carthamus
tinctorius), an oil-yielding plant on
a nutrient medium enriched with
plant growth substances. Complete
plantlets were regenerated from
tissue cultures of three wheat culti-
vars : NI-4, Hira and Chinese Spring.

Juvenile hormone activity was ex-
hibited by geranyl sulphide, geranyl
ally! sulphide, geranyl ethyl sulphide
and 1 '-dehydrojuvabione against the
last instar nymph of the red cotton
bug (Dysdercus koenigii).

In a collaborative programme with
the Cancer Research Insitute, sam-
ples of human saliva from tobacco
chewers were analysed.

In continuation of the work on total
synthesis of heterocyclic steroids,
two more such compounds were
prepared. Also, synthesis of several
oxygen heterocyclic compounds was
accomplished. A short synthesis of
mevalonic acid lactone was deve-
loped. Radiosynthesis of thiiram was
carried out.

Simple syntheses of a prostanoid
synthon and insect sex attractants

like frontalin, exo- and endo-brevi-
comins and pheromone of a "for-
mica" species of ants were achieved
from easily available materials.

Work on the pyrolysates of amino
acids was continued.

Studies related to the role of nature!
products in insect control were inten-

. sified. Propagation of economic and
medicinal plants through tissue cul-
ture methods is being actively
pursued.

Two securinine type of alkaloids
were isolated from Phyllanthus niruri,
an important medicinal plant indi-
genously used in the treatment of
jaundice and other ailments. Biolo-
gical activity of the isolated alkaloids
is being evaluated.

Organ cultures of medicinal plants
such as Atropa belladonna, Rauwolfia
serpentina and Tylophora indica
were successfully established on a
chemically defined nutrient medium.
Also, programme for the in vitro
induction of mutations in medicinal
plants using gamma and neutron
irradiation was initiated.

Yellow seeded variants of mustard
were obtained through tissue culture
technique.

Investigations on the induction of
sandalwood plants in vitro' were
continued.

A collaborative research programme
under Indo-FRG bilateral agreement
was initiated for the improvement of

.cereal crops and forest trees through
plant tissue culture techniques.

A detailed investigation of the oil
extracted from fruits of Piper cubeba
is being carried out.

IR, UV and NMR spectral analysis
were carried out on approximately
900. 100 and 600 samples respec-
tively. Microanalysis for carbon, hy-
drogen and nitrogen contents were
carried out on about five hundred
samples.

C. Biochemistry

Research programmes in biochemistry
were related to basic and applied

aspects. Studies were continued on
mechanisms of enzyme action, func-
tions of sub-cellular organeiles, con-
trol mechanisms in development and
differentiation. These included efforts
to develop diagnostic tests for certain
disease states. Various test systems
involving animals, mammalian cells
and microorganisms were applied
to ascertain the toxicity and muta-
genicity of environmental chemicals.
As in the past, a good deal of work
was directed towards understanding
the effect of radiations on animals.

Structure-function aspects of enzy-
mes were studied, particularly in
relation to the modifying effects of
physical and cherrica! agents, includ-
ing irradiation.

Studies on the molecular mechan-
isms of actions of vitamins were
continued.

The changes at cellular and molecular
levels elicited in animals as a result
of irradiation and other stress condi-
tions are being analysed to get an
insight into regulatory mechanisms.

A number of studies were devoted
to understanding biochemical effects
of various carcinogens and mute-
gens.

Studies on the structure-function
aspects of eukaryotic chromatin were
continued.

Biochemical mechanisms underlying
embryonic development were inves-
tigated.

Studies on radiation injury and repair
mechanisms in cells are in progress.

Potential mutagenicity of a variety
of environmental chemicals has been
ascertained in short-term test sys-
tems. Other studies have been aimed
at elucidating molecular mechani-
sms underlying mutagenicity of diff-
erent chemicals. In continuation of
earlier studies on the mutagenicity
of lindane and hexachtorobenzene,
the ability of these compounds to
bind in vitro with ONA was exa-
mined.

Programmes of work devoted to
large-scale preparation of bioche-
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micals have been underway and vari-
ous techniques involved in these
efforts are being developed. A method
was developed for the preparation
of cyclic AMP in high yields.

Work was initiated on standardisation
of techniques required in recombi-
nant DNA technology.

D. Radiation Preservation
of Food

The programmes in food science and
technology were aimed at develop-
ing methods for extending the shelf-
life of fruits, vegetables and flesh
foods. Radiation processes were
studied for their efficacy in comparison
with the conventional methods.
Effects of radiations on physico-
chemical characteristics of food-
borne spoilage and pathogenic orga-
nisms, nutritional quality and poten-
tial toxicity were studied extensively.

Studies are underway on radiation-
induced physico-chemical and bio-
chemical changes in irradiated cereals
and pulses.

Potato radiation processing was
studied with respect to discoloura-
tion, wound-healing and microbial
infection. Studies were also devoted
to investigating physiological and
biochemical changes in potatoes,
with and without radiation treatment,
during storage.

Programmes on preservation and
processing of fruits are being con-
tinued, with particular emphasis on
radiation processing. Basic aspects like
elucidation of biochemical changes
during storage are also being studied.

Programmes on preservation and
processing of fish by irradiation and
conventional treatments were conti-
nued. A process was developed for
the isolation of protein from some
common low-priced Indian fish like
Bombay duck, anchovy and croaker.

Programmes on wholesomeness and
safety of irradiated foods are being
continued.

E. Medicine

Radiobiology and Occupational
Health (RBOH): The ability of a

heterologous antilymphocyte serum
to suppress specifically and post-
antigenically the established delayed
hyper-sensitivity response was found
to reside in an anti-idiotype like
antibody component directed against
the effect of lymphocytes of rats.

Two different cell mediated immune
phenomena viz. allograft rejection
and contact sensitivity to dinitro-
fluorobenzene and oxazolone in mice
gave rise to reduction in the surface
charge density of sensitized lym-
phocytes. Comparison of the kine-
tics of EPM change and in vitro
reaction revealed that cell-electro-
phoretic measurements might be
useful to monitor the cell-mediated
immunity in vitro. .

Cytofluorometric investigations on
bone marrow aspirates and peri-
pheral blood samples from patients
suffering from chronic myeloid leuke-
mia indicated a significant correla-
tion between the proportion of imma-
ture cells and the proliferating fraction.

Pronounced murine lymphocytic
leukemia was found to be associated
with enhanced frequency of cells
containing high amount of RNA.

Injection of immunosuppressive drug
cortisol led to early as well as delayed
onset of wasting syndrome which
appears to be auto-immune in nature.

Measurement of the frequency of
chromosomal aberrations was found
to provide a good estimate of acci-
dental over-exposure to radiations.
Attempts are being made to extend
the application of this technique to
study the effects of microwaves
which appear to delay the onset of
metaphase.

A single injection of 5HT soon after
irradiation was found to bring about
significant protection from radiation-
induced loss of reproductive activity.

A TDC-316 computer was installed
for a real time continuous cardiac
arrhythmia monitoring system. The
system software is being developed.-

Combination of BCG and poly I:C,
an antitumour agent served to en-
hance significantly the life span of

mice with lymphosarcoma. Prior
immunisation of mice with BCG
led to marked increase in the anti-
tumour activity of poly I:C.

The mechanism of the effect of the
anaesthetic drug, chloropromazine
hydrochtoride, on erythrocytes is
being studied.

4. ISOTOPE TECHNOLOGY

A. Radioisotopes

About 37,000 consignments of
radioisotopes and equipment were
supplied to users in the country.
The major users were the medical
profession to whom over 30,000 con-
signments were supplied for diag-
nostic and therapeutic uses. The
sale value of radioisotopes supplied
and services rendered by ISOMED
totalled Rs. 104 lakhs. Major supplies
included a gamma chamber unit
supplied to Sudan, isotope handling
equipment to Rangoon General Hos-
pital, Burma, as also 12 cobalt tele-
therapy sources to hospitals within
the country.

Processed Isotopes: A total of
450 curies of reactor produced iso-
topes such as »P, "Cr, "Co. *Rb,
**Mo, 1 U I , etc. were processed in 190
batches, out of which 370 curies were
used for the preparation of various
radiopharmaceuticals. In all 1135.
consignments of different isotope
products were dispensed to users,
including 6 consignments for exports.

A method was developed for
preparing elemental iodine labelled
with iodine-131, using eerie sulphate
as oxidising agent.

Labelled Agrochemicals : Super-
phosphates, nitrophosphates etc.
labelled with **P were prepared for
use in agronomical investigations.
15kg of these labelled fertilizer
materials were supplied in 744
consignments, including 6 kg of
single and triple superphosphates
exported to Indonesia and Sri Lanka.

Self-luminous Compounds and
Sources : Development and pre-
paration of tritium gas filled light
sources and "'Pm activated self-
luminous compounds was continued.
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Different types, shapes and sizes
of tritium light sources were pre-
pared. In all 541 consignments were
supplied, including 2 kg of 14'Pm
self-luminous compound containing
40 curies of activity.

Radiation Sources: Fabrication and
supply of radiation sources for use
in industry, medicine and research
was kept up. The major isotopes
were: cobalt-60 and iridium-192.
About 150,000 curies of cobalt-60
were supplied in the form of sealed
sources (45,000 Cis), sources for
recharging the food irradiator at
FIPLY (90,000 Cis) and two special
sources in the kilocurie range for
industrial radiography work. The
supply of iridium-192 sources for
non-destructive testing totalled 650,
with about 7500 Cis of activity.

Low level alpha, beta and gamma
sources for uses such as in the cali-
bration of instruments, static charge
elimination, smoke-detection, nucle-
onic gauging, Mössabuer spec-
trometry etc., were fabricated and
supplied. In all, 570 such sources
were supplied, including 5 sources
for export.

An important item added to the range
of products for medical applications
is iridium-192 wire. About 2.2
metres of this flexible iridium-192
wire were supplied to the Tata
Memorial Hospital, for use in inter-
stitial therapy of breast cancer using
after-loading technique. A major
advantage of this technique is the
improved radiation protection to the
therapists and the staff and better
control of radiation dose.

About 420 consignments of various
other sources, including cobalt-60
needles, tubes, gold-198 seeds etc.,
for medical applications and sources
for nucleonic gauges were also fabri-
cated and supplied.

Tritium Targets and Sources:
Tritium targets prepared by absorb-
ing tritium gas in titanium layer on
copper backing are fabricated regu-
larly. During the year, 15 such targets
were prepared arid supplied.

Sealed Neutron Tube: Develop-
ment work on a sealed neutron

tube was continued. A few more
modified tubes were fabricated and
DT neutrons were generated. Work
is being continued for the standar-
disation of these tubes for field use.

Fission Products : Development
work in connection with the separa-
tion of long-lived fission products
using inorganic exchangers such as
ammonium phosphomolybdate, zir-
conium phosphate, manganese dio-
xide etc., was continued.

A method for preparing caesium-137
sealed sources using a ceramic base
is being developed.

During the year, some 250 batch
products of radiochemicals and
labelled agrochemicals -.A compo-
pounds were prepared, yielding a
total activity of about 600 curies.
2420 consignments of these products
were supplied to various users. Also,
157,000 curies of radioisotopes such
as cobalt-60, iridium-192, gold-198,
tritium, etc. were handled for pre-
paring and supplying 1678 sources
for use in medicine, industry, agri-
culture and research.

Radiopharmaceuticals: Production,
quality control and supply of radio-
pharmaceuticals have been an ongo-
ing activity. The recently introduced
radiopharmaceuticals, namely, the
radioimmunoassay kits and isotope»
generators are being increasingly used
in diagnostic medicine. The product
range includes, oral and injectaUe
preparations, and in vitro products
incorporating '*M, ««I. "Co, «-Co »Cr,
^Hg and other isotopes. They were
also exported to France, Denmark
and Australia.

Over 200,000 patients in the country
are estimated to have derived the
benefits of advanced nuclear medi-
cine procedures during the year
using the radiopharmaceuticals
supplied by the Centre.

A simplified kit for radioimmunoa-
ssay for thyroxine incorporating
colour coded reagents and polye-
thylene glycol separation system
was developed.

Radioimmunoassay procedures have
been developed for the following:

(i) Digoxin for monitoring mainte-
nance and therapeutic doses of this
drug, used in treatment of cardiac
diseases, (ii) Follicle stimulating
hormone and luteinising hormone
useful in diagnosis of infertility due
to pituitary dysfunction, (iii) Test-
osterone for diagnosis of hypogona-
dism and female virilism.

The Radiopharmaceuticals Laboratory
Project at Vashi, New Bombay, is
progressing.

Industrial Applications

Radiography Camera: (CBC-1500):
A radiography camera for inspecting
solid prbpellant rocket motors of
space vehicles, was designed,
fabricated and supplied.

Digital Thickness Gauge : An
advanced thickness gauge based on
gamma ray back-scatter technique
was developed. This versatile and
portable gauge incorporates advanced
integrated circuits and was found
extrem. ly useful in estimating corro-
sion, scaling, choking etc. in vessels
and tubes upto 35 mm thick.

Radiation Equipment, Supply and
Services: Two Panoramic Batch
Irradiators are being set up, one in
Sree Chitra Tirunal Medical Centre,
Trivandrum, and the other at the
Nuclear Research Laboratory, Sri-
nagar.

A major "Co source replenishment
job involving about 100.000 curies
of cobalt-60 for the Food Irradiation
Lab. (FIPLY) at Trombay was com-
pleted.

Two radkrtracer studies were carried
out at the works of a manufacturer
of chemical equipment to deter-
mine the residence-time in a fluid
bed drier

Inventory of mercury in electrolytic
cells was carried out at the works
of two caustic soda manufacturing
units using radiotracers. The radio-
tracer technique enables the inven-
tory of mercury in the electrolytic
cells to be carried out without shutt-
ing down the plant

As part of a programme of applica-
tions of radkrisotope techniques in
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steel manufacture, a demonstration
experiment was carried out at the
Bokaro Steel Plant for the study of
mixing efficiency of a molten metal
mixer

Assistance was provided to the Auto-
mative Research Institute, Pune, in
establishing a radiotracer technique
for the study of wear rate of piston
rings in internal combustion engine.

Radioisotope Applications in Hydro-
logy : At the request of the
authorities of Chelamalavagu Project,
in the Adilabad district of Andhra
Pradesh, a radiotracer investigation
was carried out to investigate the
possible existence of channels in the
hard rocks at the proposed dam site.
The radiotracer study indicated
that no such channels exist. This
information will enable the project
authorities to make appropriate deci-
sions regarding the construction of
the dam at the proposed site.

A radiotracer investigation was car-
ried out to study the limestone cavity
in the reservoir bed of Sathnala Irriga-
tion Project site in Adilabad district.
The information obtained will enable
the project authorities to take appro-
priate decisions regarding remedial
measures to be adopted.

At the request of the authorities of
the Bhakra Beas Management Board,
a number of tracer investigations using
radioactive tracers and non-radioac-
tive chemical tracers were carried out
atManali for determining the disch-
arge in the Beas river. The data obt-
ained from these investigations was
furnished to the Project authorities.

Radiation Sterilization of
Medical Products

The ISO MED plant continued to
offer irradiation services to manu-
facturers of medical products, hos-
pitals and the pharmaceutical in-
dustry. A total of 2446 cu. m of a
variety of medical products were
sterilized during the year.

R & D work for extending the scope
of the radiation sterilization technique
to pharmaceutical substances was
continued. Physico-chemical and bio-
logical investigations were carried

out on irradiated chloramphenico!
eye ointment in soft gelatin capsules.
The data obtained was submitted
to the FDA for their clearance.
Feasibility studies were carried out
on radiation sterilized penicillin in
collaboration with the manufacturer
of this product.

UC and Tritium labelled Compounds :
The development and production of
MC and tritium labelled compounds
for use as tracers in investigations
in life sciences was continued. Tri-
tium labelling services for labelling
of a wide variety of molecules was
offered to a number of users in the
country.

B. Radiation Medicine

During the year, nearly 17,500 pati-
ents attended the Radiation Medicine
Centre (RMC). With the aid of the
gamma camera and its data proce-
ssor system, diagnostic investiga-
tions were carried out for studying
functions of liver, heart, brain, lungs
and kidney.

Nuclear Cardiology: A small electro-
cardiogram gating system was
developed which can be coupled to
a scintillation detector probe with
focussing collimator which is usually
available on a rectillinear scanner. The
scanner allows imaging of the heart,
making it possible to evaluate the
ability of the heart to function as a
pump for circulating blood. Studies
were carried out on a number of
patients and the results obtained are
comparable with the more sophis-
ticated techniques which involve the
use of imported and expensive instru-
mentation.

Pulmonary Ventilation Studies:
The aerosol nebuliser system fabri-
cated in BARC for producing aero-
sols of radioactive substances has
proved to be very useful for lung
ventilation scans in patients. Besides
its usefulness in patients with pul-
monary embolism, the aerosol ven-
tilation scans have proved to be
very sensitive in detecting chronic
obstructive pulmonary diseases (CO.
P.D.) in early stages. Studies are in
progress to determine the usefulness
of aerosol scanning in diagnosing
early bronchitic changes in lungs

of chronic smokers and factory
workers exposed to industrial pollu-
tion. Animal models are also deve-
loped to study the patho-physiology
of pulmonary embolism, pollutant
inhalation and rates of clearances of
different radio aerosols from lungs.

In Vitro and Radioimmunoassay
Studies : Hormone assays for
thyroid stimulating hormone (T.S.H.),
triiodothyronine (7*) and thyroxine
(T*) were carried out on about 3800
serum samples. Thyroid hormone
levels are being routinely measured
by radioimmunoassay techniques in
patients referred to the Thyroid Clinic.
In addition, radioimmunoassays for
human growth hormone are also
done

A new radioimmunoassay for measur-
ing circulating myoglobin was also
set up. This assay helps in the early
diagnosis of coronary thrombosis.
Within 4 to 8 hours of acute chest
pain due to coronary insufficiency,
the blood levels of myoglobin snow
an elevation.

infectious and Tropical Diseases:
A simplified radiometric technique
using liquid scintillation counter and
"C-labelled substrata was set up
to detect die presence of micro-
organisms in clinical isolates like
blood, urine, and sputum. It is possi-
ble to do antibiotic sensitivity test-
ing in patients with chronic urinary
infections within 4 to 6 bouw. Growth
of tubercle bacilli can be detected
in the sputum samples in 6 to 8 days
and subsequent to that, the most
effective dnig for the treatment of a
particular patient can be determined
within 48 hours. This kind of test-
ing helps in avoiding unnecessary
costly therapy with ineffective drugs
in patients with tuberculosis of
lungs.

It has been possible to set up a radio-
immunoassay of T. B. antigen where
the presence of extremely small
amounts of tubercutoproteins de-
rived from tubercle bacilli ate dete-
cted. This becomes a very sensitive
method for diagnosing tuberculous
etiology in patients with pleural
effusions, asdtes, and meningitis.

It was possible to detect presence of
circulating eosinophilopoietin in pati-
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ents with eosinophilia. An animal
model of this widely common tro-
pical disease was developed. Eosin-
ophils could be labelled with radio-
isotope of indium for carrying out
pharmaco kinetic studies of labelled
cells under various experimental con-
ditions. An attempt is being made to
set up a radioimmunoassay for filarial
antigen.

Scintigraphy: Some 5,500 patients
underwent liver, brain, bone, thy-
roid, heart and lung imaging studies.
A technique for lymph node scann-
ing with MmTc-antimony sulphur
colloid was set up and standardised.
This technique would be useful in
detecting lymph node metastases.
Because of the availability of short
half-life radiopharmaceuticals, the
scintigraphy techniques have be-
come useful in pediatrie patients also.

Radiopharmaceuticals: Ready-to-use
kits are made at the Centre for
preparing radiopharmaceuticals need-
ed for various types of organ
imaging studies and for other in
vivo nuclear medicine procedures.
The well-equipped radiopharmacy at
the Centre has an active programme
for developing newer radiopharmaceu-
ticals. During this year, """Te
ferritin was developed for the imag-
ing of hepatobiliary system. An active
programme has been undertaken to
sterilise various kits by gamma irra-
diation in ISOMED to find out the
suitability of such sterilisation for
clinical use of these kits.

Thyroid: 91 patients of thyroid
cancer and 85 patients of thyroto-
xicosis were treated with radioio-
dine. 163 patients of thyroid cancer
treated with radioiodine in the past
underwent large dose radioiodine scan
studies, including scinti-scanning, pro-
file scanning and PB 1MI for detect-
ing radioiodine concentrating metas-
tases.

Radioimmunoassay for thyroglo-
bulin has been set up as a bioche-
mical marker for thyroid cancer and
is now being used in detecting meta-
stases in patients of thyroid cancer.
Work is in progress to characterise
the thyroglobulin circulating in thy-
roid cancer patients. Work is also
being continued to elucidate the

mechanism of action of antithyroid
drugs like methimazole and propyl-
thiouracil. Protective effect of anti-
thyroid drugs against liver damage
produced by alcohol has also been
observed in experimental animals.

5. ELECTRONICS AND INSTRU-
MENTATION

A. Electronics

The research and development acti-
vities in electronics covered nuciecr
instruments required for detection
and measurement of nude?/ radia-
tions and for their indus'.riaj and
process applications; instrui its for
the control and measure: «nt of
reactor parameters; health and safety
instruments to monitor the personnel
and active areas in and around radio-
active installitions; self-contained
microprocessor-based intelligent ins-
truments to esquire and process the
data and present it to the user in a
convenient form; instruments in the
field of nuclear medicine and bio-
medical engineering; non-destruc-
tive test systems to detect flaws in
nuclear reactor componenents and
capacitors for energy storage appli-
cations.

Nuclear Instruments : A fast
analogue-to-digital converter, with
fixed conversion time, was deve-
loped and incorporated in a 4000
channel nuclear pulse height analyser,
giving a differential non-linenats of
+ 0.4%. Fast preamplifier, fast am-
plifier and fast discriminator modules
were also fabricated for experimen-
tal reactor physics.

Reactor Instruments : The current
and counting mode of an experi-
mental fission detector, in which
***U is replaced by indigenously
produced *"U, was tested for
neutron sensitivity. A prototype gra-
phical data acquisition and display
system for displaying reactor para-
meters was successfully tested. Two
data acquisition systems, based on
delayed neutron technique, for moni-
toring failed fuel elements and a
stackless monitor of the activity es-
caping to the atmosphere through
the stack, were developed for ins-
tallation in RAPS. Newly designed
prototypes of reactor instruments for
R-5, ZERLINA, Ap-sara and CIRUS,

to measure tritium activity in air,
failed fuel detection, Campbell tech-
nique based nuclear control channels
etc. are under production.

Health and Safety instruments :
A newly developed unit likely to
replace the conventional pocket dosi-
meter, was subjected to field trials
at TAPS. A programmable, hand, foot
and clothing monitor, supplied for
use in MAPP, has made it possible,
to check a larger number of people
for contamination.

Microprocessor-based Instruments
The performance of a micro-
computer-based "door-way monitor"
system for nuclear safeguards in fuel
reprocessing plants, was evaluated.
Facilities such as "write-protection",
"automatic jump to monitor", were
developed for microcompi it* sys-
tems. A microprocessor-based multi-
channel arilyser was evaluated for
health physics.

Medical Instruments : A nuclear
stethoscope useful for computing
ejection fraction during cardiac in-
vestigation was installed at the Radia-
tion Medicina Centre, Bombay. It
can replace the more expensive
scintillation camera. An efectromy-
ograph signal processor was put to
clinical usage at KEM Hospital and
Acworth Leprosy Hospital by conduct-
ting a pilot study on muscular dy-
strophy and leprosy patients. An
impedance cardiograph was put to
clinical usage at KEM, J. J. and
BARC Hospitals.

Two experimental 20 </F capacitors
of kV rating were fabricated. A bery-
llium coating thickness monitor and
a sensitive lock-in amplifier were
fabricated and tested.

B. Reliability Evaluation

The Reliability Evaluation Laboratory
offers services such as environmental/
electrical testing, electronic instru-
ments calibration, special studies and
training to industries, and institutions
located in the Western Zone of the
country. During the year, about 150
requests were received for environ-
mental/electrical testing of a variety
of electronic and allied products.
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AH these items were tested to rele-
vant national and international speci-
fications. A number of precision and
semi-precision instruments such as
voltmeters, multimeters, recorders, fre-
quency counters, and time interval
meters, potentiometric bridges, tem-
perature indicators, standard com-
ponents etc. were also calibrated.
In addition, reliability analyses of
reactor safety systems were carried
out.

C. Instrumentation

The first ever, standard Field-lon-
Microscope for radiation damage
studies was successfully commissi-
oned at the Materials Development
Laboratories of the Reactor Research
Centre. When no commercial manu-
facturer in the world is known to
undertake development of such an
instrument, it was completely de-
signed and fabricated within a two-
year period, at a cost of about
Rs. 8 lakhs. The development of a
thermal desorption spectrometer,
which is also not commercially
available, was also undertaken for
the Materials Science Laboratories
at an estimated cost of about
Rs. 5 lakhs.

The largest (65m3 capacity) indigen-
ously designed and built 4 metre
diameter thermovac chamber, suc-
cessfully commissioned at the ISRO
Satellite Centre, Bangalore, was ex-
tensively used for environmental
testing of the satellite APPLE. It
is capable of producing a high
vaccum of better than 5 x 10** ton
and temperature of 100-400' K, as per
specifications drawn by ISAC, by
circulating cold/hot GNi or sub-
cooled LNi

The fabrication of the 2.8m dia.
main vacuum chamber and the
accessories for the aluminising plant
for coating the 2.3m dia. telescope
mirror (4.5 tonnes weight) of the
Indian Institute of Astrophysics,
Bangalore, with 99.99% pure alumi-
nium to a uniform thickness of
1000 A.U.±10%, was completed. .
Its mirror-driving mechanism, instru-
mentation etc. are now under
fabrication. This will be the largest
indigenously 'designed high vacuum
coating plant built in the country.

Two mass spectrometers of D/H
analysis of water samples, with an
internal precision of 0.07%, accu-
racy of 0.25% (naturalcone), de-
signed for round-the-clock operation,
were suppliH. Two improved helium
leak detectors were also fabricated
and tested. An isotope ratio mass
spectrometer, developed for nitrogen
(14, 15) and a similar UHV mass
spectrometer for geochronology, are
under fabrication. Development work
on suitable electronics for acquisi-
tion, conversion and reduction of
mass spectrometric data is conti-
nuing.

Detailed specifications were drawn
and drawings made to execute a
new project for the fabrication of a
few laser crystals and devices for
1-20«m wavelength range. Mean-
time, work on the development of
PbSe and 6e(Au) IR detectors for
the wavelength range 1-7 urn and
growth of nonlinear LiNbOs crystals
for laser modulator and second har-
monic generator was started. Simult-
aneously, work on the growth of
large-size CaF» and Ge crystals,
IR filters and windows arid nuclear
detectors is continuing.

A few samples were analysed using
the prototype Auger electron spectro-
meter. Development of a scanning
Auger micro-pro!» is continuing.

The 2 MV tandem accelerator was
fully commissioned and. its designed
specifications were exceeded in
actual performance. To utilize the
accelerator in the fields of nuclear
physics and atomic spectroscopy,
experimental set-ups, including
analysis and detection equipment
.are being put up. The second limb
of the mass separator was installed
and tested.

Automatic X-ray fluorescence an-
alyser consisting of a Si (Li) X-ray
spectrometer and a low power X-
ray tube for excitation of the samples
and an automatic sample charger
is being developed This analysis,
will make trace element analysis
very much faster, easier ind more
accurate. The system has been
already used to cany out trace
element analysis in co-operative re-
search programmes with other units

of the Department and the Universit-
ies. The low power X-ray tube to
be used in this system was developed
during iast year and a number of
them were fabricated. Extended work
in the development of thin film
scintillation detectors was carried
out. These detectors were used
successfully in a number of fission
experiments. A high-count rate,
multi-anode proportional counter for
Mössbauer spectroscopy was de-
signed and a prototype was fabri-
cated. Preliminary qualitative tests
have shown good counting rate
capability without too much degrada-
tion in energy resolution, as com-
pared to a standard, single-anode
detector.

A DC power supply capable of
giving current upto 30 mA at an
output of 1000V-9000V variable
across B discharge tube for exciting
the spectra of free radicals such as
SiN was fabricated.

A probe for the detection of low
energy X-rays we* fabricated. This
is suitable for monitoring surface
contamination in laboratories handl-
ing "*l as well as for detection
of deep vein thrombosis in patients.

A shadow shield-type of whole-
body radioactivity counter with grad-
ed shield of Pb and Cd was fabricated
for assessment of uranium burdens
in vivo.

Against special requirement, develop-
ment of special GM tubes as
substitute for Russian-made tubes
for concast machine plant was com-
pleted and 20 nos. were supplied.
Hollow .cathode lamps of Be, K
and a mufti-element lamp of Fe, Cr,
Mn and Ni were developed success-
fully. Development.of Bayard-/Jpert
Gauge was nearly completed and a
few pieces were fabricated and cali-
brated against the already calibrated
gauge.

A digital isotope calibrator to mea-
sure radioactivity in the range of
100kBq to 40 GBq was fabricated.
The activity of isotopes such as
m l and **niTc emitting photons
of low energy can be measured with
this instrument
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A thermoluminescent dosimeter re-
ader incorporating a large area heater,
low noise multiplier phototube, and
a compact, solid state, reproducible
heater programmer using an opto-
isolator with facility to clamp maxi-
mum temperature between 200"C-
450 °C was fabricated.

A photon counting system (TLD)
which helps to measure exposures
as low as 100 micro Roentgens by
using CaSO4: Dy powder in glass
capillaries was built.

A portable level gauge incorporating
a 2mCi 1S7Cs source and a beta
transmission gauge to measure thick-
ness of paper, plastic, etc. were
fabricated on specific request from
educational institutions.

An automatic smoking simulator with
adjustable puff frequency and in-
terval between two puffs was
developed. Presently, this machine is
used with methods such as neutron
activation and energy dispersive X-
ray fluorescence to estimate the
amount of toxic metals inhaled from
different brands of cigarettes and
bidis.

D. Laser

The high power Nd:glass laser, giving
an output of 40 joules in a duration
of 5 nsec, has been in routine use
for plasma experiments. The electron
temperatures of plasmas, from single
as well as layered targets, were
experimentally studied. Other plasma
diagnostic systems, e.g. Langmuir
probes of different geometry, energy
balance calorimeters, are also being
studied 'for standardisation. Two
techniques, Gaussian beam spot
variation measurement and shearing
interferometry, were used to study
the laser wavefront distortion during
its transit through the amplifier stages.
Two methods for obtaining single-
mode output from the "Q switched
Oscillator", using an active Fabry
Perot and a single mode injection
respectively, were used.

New values of the effective re-
combination coefficient in TEA CO*
laser discharges were experimentally
obtained. Mode-locking was sup-
pressed in the CO2 oscillator stage

by employing a pulsed gain cell. A
new and reliable method for simult-
aneously striking a discharge in two
parallel limbs of a OW COt laser
was developed. New results were
obtained in the theoretical studies
on second harmonic generation in
a stack of cubic crystals, and on the
effect of gaussian intensity profile
in difference frequency generation.

E. Computer R €r O

The emphasis was on a micro-
processor applications in power sta-
tions, nuclear instrumentation, direct
digital control and fast data acquisi-
tion systems. A number of high
precision integrators were developed
for analytical instrument applica-
tions. A nanosecond pulse program-
mer was developed for laser trigger-
ing and multi-disciplinary research.
A microprocessor based Mössbauer
spectrometer was completed and fully
tested. Software development was
carried out for dimensional measuring
systems. Advanced versions of Mös-
sbauer systems, disturbance recorder
for diagnostics of nuclear power
plant outages, aerial uranium pros-
pecting system, fast data acquisition
with 13-bit ADC for nuclear pulse
analysis and direct digital control and
NC applications are some of the
other areas of computer activity. A
picture digitisation for remote trans-
mission of data is being evolved.

A microprocessor-based disturbance
recorder, which takes 20 strategic
inputs from the reactor and does
data logging for 5 minutes prior to
a trip, and 5 minutes post trip, was
developed for RAPS. Diagnostics
of outages can now be more mean-
ingfully carried out by this system,
developed for the first time in India.
A data logger system was deve-
loped for MAPP. For the NAPP,
an advanced 8086 microprocessor
based system is being designed for
control room data acquisition and
monitoring. The display will be on
eight colour CRTs.

Application of microprocessor in
office automation, particularly a text/
word processor, has been developed
for trie first time in the country.
Based on Intel 8080, an intelligent
display terminal, it has been further

augmented for use as a text/word
processor. A number of software
routines were developed for Directo-
rate of Estate Management Central
Stores etc. The tape-to-tape con-
version systems developed, are being
extensively used by the Reserve
Bank of India. Technologies for
LSI-11 based, fast multi-parameter
analysers, and ruggedised 1 K-analyser
systems, based on Intel 8085 logic,
are being transferred to ECIL for
production.

F. Opto Electronics

Development of infrared night
vision monocular and binoculars was
successfully completed. These night
vision aids are built around the image
converter tube, developed earlier.
Image intensifier tubes and vidicon
camera tube are under development.
Technique for cold welding of vidi-
con target plate to the electron gun
assembly, using elemental indium
as sealant, was developed. Prepara-
tion of efficient multi-alkali photo-
cathodes, which form the essential
component of image intensifier tubes,
is in progress.

As a part of the studies on electron
optics of image converter and image
intensifier tube, with the help of a
modified electron optical bench, the
electron trajectories using equi-po-
tential curves have been computed.
Assessment of SbjO^SbA mix-
tures as potential target material for
vidicon tubes, was undertaken by
studying their photo-conductive pro-
perties.

G. Plasma Physics

Electron Beam Technology

The high-voltage, partial-vacuum
chamber type electron-beam weld-
ing machine was assembled. An
optical viewing device, which helps
in precise location and alignment of
the weld seam with the electron
beam has been incorporated in the
machine. An electronic viewing sys-
tem based on closed circuit TV
principle, giving enlarged picture of
the job with a signal of electrons
back-scattered from the main
electron beam itself, was developed
for use with E.B. welding machines.
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This system permits viewing while
welding is actually on. The 6 kW
electron gun is nominally rated at
150 kV.

Rdativistk Ehctron Bums
(Fushn-orkntod)

Development of pulsed power tech-
nology for generating high current
relativistic electron beams (REB)
and powerful fight ion beams has
promising applications in thermonu-
clear fusion. Efforts have been
centered on developing a 200 joule,
10* watt electro-beam plasma system
for plasma heating studies. The main
components of this system are pulse
power source, field emission diode,
drift tube and vacuum system, plasma
source, mirror magnetic field, beam
and plasma diagnostics and instru-
mentation. When completed, this
system will permit investigations on
heating a confined plasma of 10"-
10" cm-* density to an estimated
election temperature of 500 eV. A
set of air core magnet coils giving a
minor magnetic field of 7500-6000-
7500 gauss geometry was developed
for plasma confinement in the sys-
tem. The 40 ns pulsed power-source
of 268 kV, 14.5 kA, and an effi-
ciency of 35% was designed, assem-
bled and tested. Two models of
Faraday cup for pulsed high-current
measurement were developed.

The vacuum system, field emission
diode and plasma source were fabri-
cated and are being assembled.

6. FUEL CYCLE

A. Atomic Fuels and Other
Materials

The annual requirements of replace-
ment fuel elements and sub-assem-
blies for the CIRUS reactor were
fabricated and supplied. Besides,
development work on adjusted ura-
nium fuel for this reactor was con-
tinued for improving its irradiation
performance. Six fuel elements con-
taining adjusted uranium were made
and delivered for irradiation trials in
CIRUS.

Similar to CIRUS, the R-5 reactor
under construction requires metailic
fuel elements, other sub-assemblies

and structural components, but of
entirely different designs. Indigen-
ous manufacture of these items has
been the responsibility of the Atomic
Fuels Division. The work on the
fabrication of prototype fuel ele-
ment clusters was continued. Four
prototype clusters were fabricated
and supplied for in-pile testing. To
meet the requirement of structural
components, 21 zircaloy re-entrant
cans for R-5 were fabricated and
supplied. Other 20 cans are in
different stages of fabrication and are
expected to be supplied shortly.

Considerable development work is
required to be done in various
challenging fields of technology to
meet the needs of our nuclear pro-
gramme. The Division has been
actively engaged in these areas.
Some of the works are: (a) Fabri-
cation of aluminium-lithium adjuster
rods, gamma extrusion of uranium,
electroslag refining of uranium and
helical springs for R-5; (b) 11 split-
spacer 22-element fuel bundles were
fabricated and delivered to RED for
out-of*pile testing; (c) Vacuum coa-
ting unit was commissioned along
with electron beam heating arrange-
ment and Be coating trials are on
hand; (d) Vibratory compaction unit
and spot welding machine for TAPS
control Made fabrication were com-
missioned and a full length dummy
control blade was made; (e) Develop-
ment work was carried out on
nitriding cycle for mtraMoy, Nb-
bronze super conductor wires, thori-
um production and hot-pressing of
thorium, fabrication of tungsten and
tungsten-copper by powder metal-
lurgy, controlled porosity UO, pellets
and electron beam melting of copper
brazing alloy and Nb-Ti alloy.

To meet the requirements of BARC
and other units of the DAE, the
following works were undertaken/
completed: (i) 2030 power reactor
components were nitrided for NAPP;
(ii) 250 Zr-Nb-Cu garter springs
were made and supplied to MAPP-II.
With this Ham MAPP requirements
have been met wholly. This item was
imported in earlier stages, which later
became difficult due to restrictions
imposed by foreign suppliers; (Mi)
40 Inconel springs were produced
and supplied to NAPP. The wort:

was undertaken due to non-availa-
bility of acceptable springs from
indigenous sources; (hr) 60 Iso-
elastic springs were fabricated and
delivered to the Seismology Section;
(v) Fabrication of special metals and
alloys in various shapes and «zee
such as Ta crucibles; guide tube,
stainless steel, gold and nickel wires,
manging steel rods, Ti-Nb rods, Ni
foils, cupro-nickel rods, Fe-Cr-Mo
alloy. Teflon pellets, Ni plates etc. was
undertaken. Vacuum/hydrogen anne-
aling/sintering jobs were also earned
out against specific requests.

Quality surveillance was earned
out on fuel bundles and zircaloy
components produced at NFC. and
on R-5 components. Specialised
NDT jobs were earned out for BARC,
PPED, HWP and TAPS.

B. Reactor Engineering

Most of the R €r D work related to
the power reactors and the research
reactor R-5 under construction and
at various stages of design. Som»
of the major activities am a§ follows:

Component Antfys/s mid Testing:
Development of computer codes for
static and dynamic structural analysis
was continued. A number of problems
were solved analytically. Th* im-
portant ones included TAPS control
rod drive housing, NAPP pump casing,
ammonia converter of heavy water
plant Mimic analysis of heavy
water upgrading column for NAPP,
creep «valuation of RAPS coolant
channels, TAPS feed water nozzle
and piping flexibility catculalions for
a number of facüitia*. Ewpwimanial
analysts for residual stresses in
MAPP calandria and R-5 fuelling
machine chain guide was earned
out Evaluation of vibratory stress
relieving techniques for Class I nu-
clear application was conducted.
Woricon strain gauge measurements
on NAPP scaled down calandria
model is under progress.

Acceptance testing of fuelling
machine heed M-5 for MAPP under
simulated reactor operating condi-
tions was completed. Such testing
takes about 8-9 months and has
resulled in identifying certain menu-
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factoring defects which were later
rectified. Commissioning of main loop
of integral thermal facility for low
temperature and high pressure opera-
tion was completed.

MAPP primary heat transport pump
was subjected to test-run for 600
hours under simulated operating con-
ditions. For the NAPP primary heat
transport pump test facility, fabrica-
tion of miscellaneous equipment and
installation of main circuit piping was
started and about half of the work was
completed. The functional testing
of all the drive mechanisms and motor
units of MAPP-II reactivity system
was completed. The fabrication work
for setting up a full-scale test rig
for the development of liquid poison
shut-off rods for NAPP, is in progress.

Design of Reactor Components and
Systems: Considerable progress was
achieved on various activities connec-
ted with R-5 pile block. Manufacture
of calandria was completed. End-
shield is nearing completion. Signi-
ficant effort was put in to do quality
surveillance.

Refined theoretical analysis for
some critical heavy water piping and
seismic analysis of pile block, top
and bottom plenum are nearing
completion. The inlet plenum was
experimentally evaluated during pres-
sure test to confirm its structural
soundness.

Fuel Design and Development: A
22 element NAPP fuel bundle was
endurance-tested for more than 3000
hours. The pressure drop measure-
ments on the 22 element NAPP fuel
string was completed. The six rod
natural U0 , cluster was taken out
of the loop and is being irradiated
in the CIRUS pressurized water loop.
Endurance-testing of R-5 fuel was
carried out. The work on 2 MW
inpile loop in R-5 was continued.
Work on the design of 150 KW
inpile loop in R-5 was initiated.

Thermal Hydraulic Studies: Work
on setting up the 1.2/3 MW boiling
water loop was continued. Using the
100 KW BWL, dryout experiments
were carried out on many test sec-
tions. Dry out experiments were carried
out in the 10 KW freon loop on test

sections having different length to
diameter ratio. A method of install-
ing pressure taps on zircaloy guide
tube for leakage flow measurement
was developed and tested.

Thermal hydraulic analysis of TAPS
reactor core for Unit I, cycle 7 was
carried out. Computer programmes to
generate saturation properties of
steam as a function of temperature
and pressure, to calculate pressure
drop and critical heat flux ratio and
to solve general thermal hydraulic
problems were written. Thermal ana-
lysis of the modified storage vault
of Solid Storage Surveillance Facility;
Tarapur, was carried out.

Water Chemistry Studies: Crud
particle size spectrum was obtained
in the primary pump test loop water.
Filter efficiency of 5 filter cartridges
was evaluated. Sizing of a strainer
for high temperature dynamic corro-
sion loop was completed.

Nuclear Fuel Cycles, economics
and Safety Studies: A computer
program, RHEA, for static analysis
and fuel burn-up studies of reactors
with cluster type fuel and another
program, MEDUSA, for calculating
neutron flux and power distribution
in cartesian geometry with variable
mesh were written and tested. Works
on writing a multi-group transport
theory code, ORION, for duster fuel
geometry and the space time kinetics
code, HADES, for safety analysis
of nuclear power plants is in
progress. Channel power distribu-
tion in RAPS reactor for different
positions of the absorber rods was
estimated for use in the nuclear
power plant simulator being deve-
loped for installation at the Nudstr
Training Centre at RAPS. A number
of reactor physics problems such as
estimation of channel power dis-
tribution with one channel in RAPS
having heavy water and no fuel, and
the estimation of differential en-
richment distribution in a 28 red
cluster in the R-5 inpile 2 MW
loop to give the same power dis-
tribution as in a power reactor, ware
solved.

C. Theoretical Reactor Physics

Fuel management service was ran-
dend to both the units of TAPS

and RAPS-1. New reload patterns
for both the units of TAPS were
provided. Physics work in connec-
tion with the first criticaKty of
RAPS-2 was completed and the
predictions made war* checked with
the start-up experiments. The agree-
ment was found to be good.

Research work to develop better
and improved computer models for
prediction of physics behaviour of
power reactors was continued. In
this connection, analysis of more than
400 light water and over 150 heavy
water moderated lattice physics ex-
periments was completed using the
multi-group integral transport theory
code MURU. The code was found
to be satisfactory for design of com-
plex light water and heavy water
system. A space-lime kinetics model
TWODAD was also developed which
was used to study the control-rod
drop accidents of TAPS reactors.
Apart from this, work on reactor
corn simulators using advanced tech-
niques was also carried out.

Significant research was also done
on the theory of resonance absorp-
tion and thermaKzation phenomena.
The integral transform method was
extended to solve the neutron trans-
port equation with linearly aniso-
tropic scattering for obtaining accurate
analytical solutions of some idealized
multi-dimensional neutron transport
problems. For solving the neutron
or radiation transport problems by
Monte-Carlo methods, zero variance
biasing schemes were developed for
the two factors of the transport kernel.
New convergence acceleration
schemes for both static and kinetic
equations were developed.

Physics of compression of spherical
and cylindrical DT psNeu by laser
was investigated within the frame-
work of gas dynamic equations. An
exact tharmodynamic behaviour of
the Did» modal of two-level atoms
driven by resonant or non-resonant
CW laser fields was obtained. Finally,
the structure of the high «pin
rast states in hafnium, tungsten, os-
mium and platinum nuclei in lianst-
nan region was mvasagatso m a
microscopic variational approach
wHh nuclear conservation and angular

^ ] ^ a ^
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O. Experimental Reactor Physics E. Reactor Analysis and Studies

Experimental work was completed in
ZERLINA for determining adequate
detector locations for the start-up of
the R-5 reactor. Noise analysis techni-
que was developed and successfully
tested at RAPS-I, for measuring
coolant flow rates in the primary
heat transport systems. Preparatory
work continued for the next main
experimental programme on detailed
lattice physics data for verification
of reactor analysis methods.

Theoretical investigations were con-
tinued for the evaluation of thorium-
cycle nuclear data under a contract
with the International Atomic Energy
Agency and for studies required for
the Safety Evaluation Working Group
of the Reactor Research Centre,
Kalpakkam. Investigations on pro-
blems in transport theory for reac-
tors were also made.

Approach-to-critical experiments were
performed in ZERLINA for deciding
detector locations for the start-up
of the R-5 reactor.

A noise-analysis technique, which
had been developed at CIRUS
for measuring coolant flow rates in
power reactors, was successfully used
in the RAPS-I reactor. Frequency
domain noise analysis measurements
were performed in the RAPS-2
reactor immediately after its
commissioning. These techniques are
being further extended for general
power reactor diagnosis.

A further programme of shielding ex-
periments was started at APSARA
and preparatory work was done for
the study of radiation streaming
effects. Preparatory work also con-
tinued for experiments in ZERLINA
to generate lattice data for testing
reactor analysis codes, with special
emphasis on physics of plutonium
utilisation.

Theoretical work was further con-
tinued under a contract with Inter-
national Atomic Energy Agency to
evaluate nuclear data related to
thorium utilisation. Problems in trans-
port theory for reactor analysis wen
investigated.

Thermit Hydraulics and Safety:
The existing computation codes have
been used for the design and ana-
lysis of power reactors. The safety
codes for btowdown, core heat-up
and refJood conditions are being
augmented. Analysis of power plants
and power systems cycle for steady
state and transient conditions is
being continued.

Plant Dynamics and Simulator
Project : Detailed dynamic model
is being tested with the test proce-
dures laid down from user require-
ments. Modifications are being
carried out in the computational
technique to facilitate real time
simulation.

Radiation Shielding: The existing
codes are being used in the design
and analysis of shielding for different
reactors.

Nuclear Steam Generators: Several
codes are being developed for the
thermal and mechanical design and
analysis of nuclear steam generators
and design of experimental modules
is underway.

Structural Dynamics: Analysis of
several reactor parts was carried
out and dynamic respons» experi-
ments are in progress for studying
the structural integrity. Piping flexi-
bility analysis for secondary systems
was initiated.

F. Reactor Control

Major hems of work in this area
during the year include the following:

Sodium Pump Speed Control
System for FBTR: Integrated test-
ing of one primary sodium pump
speed control system along with the
indigenously fabricated pump was
successfully completed at RRC. Con-
trol panels for the remaining three
systems are being fabricated and
will be delivered by May 1981.

R-5 Control System : A micro-
computer-based window alarm
annunciator system was designed
and fabricated. Testing of the same
is in prognm. Interlock scheme for

the emergency core cooling system
was successfully tested.

Computer-Based Gamma Scanner
for RRC: Development of compu-
ter-based gamma scanner for critical
examination of the irradiated FBTR
fuel pins was completed. The system
was fabricated with a high degree
of indigenisation. It will be insulted
at RRC by June 1981.

Antenna Servo Systems: The servo
systems for Defence Electronics
Applications Laboratory earth station
and Master Control Facility project
of the Department of Space were
designed and fabricated. Digital sys-
tems were used instead of conven-
tional synchro systems for manual
positioning of the antennas.

Computer-Bffed Numerical Control
System: \ «ation of computer-
based num; -1 control system for
Oeriikon ire: machine of the
Central Work, pt is in progress,
The system uses dual-processor
approach and controls four axes
of the machine. It is expected to
be commissioned by August 1981.

Electron Beam Welding Machine
Control System: Development of
an automatic control system for
electron beam wekkng machine
required for fabrication of fuel ele-
ments was completed. The system
is likely to be commissioned shortly.

Computer-Based Pressure Tube
Gauging Equipment: A computer-
based pressure tube gauging equip-
ment was developed to measure the
uniformity of the diameter of pressure
tubes for RAPS-type reactors.

MHD (Magneto Hydro-Dynamics)
Project: The responsibility for the
design and fabrication of the
300 tonne magnet for the MHD
project was taken up. A special
feature of this magnet is that it
can be lemotely split-open and
moved away from the generator
within 15 minutes. Fabrication of
me magnet was siamo ana is ex-
pecieu n ue compwwQ oy uecemoer,
1961.

Silicon Solar CeKs: Silicon soler
cells developed wem successfully
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tested on-board the satellite for
earth observations. The results of
the performance proved that BARC
developed cells were the best available
in the country. These cells are being
used on-board Rohini Satellite-1
to meet part of the electrical power
requirements and are giving excellent
performance.

NAPP Reactor Control System :
NAPP reactor regulating system was
designed using single board micro-
computers and related functional
modules.

G. Heavy Water

Research and developmental activi-
ties pertaining to production as well
as upgrading of heavy water were
continued. Good progress was made
in the development of a suitable
catalyst for water/hydrogen exchange
process and development of tower
internals for ammonia/water exchange
process. Setting up of heavy water
upgrading plants based on both
electrolysis and distillation process
at various reactor sites was continued.
Two of the 10 banks of the MAPP
upgrading plant were commissioned
with light water and other banks will
be commissioned in phases.

Development of Tower Internals
for Heavy Water Upgrading Plants:
Pilot plant studies were carried
out in a 250mm dia. test assembly
to improve further the efficiency of
the tower internals already developed.
Work was initiated to fabricate
these tower internals for a 1050 mm
dia. test assembly. The performance
evaluation of these tower internals
will be carried out shortly.

Water/Hydrogen Exchange Process:
Development of a heterogeneous
hydrophobic catalyst for this system
and checking its performance on
a long-term basis (6 months) was
completed. Work is being carried
out to manufacture this packing
in a suitable form so that ft can
be used in a pilot plant by coun-
ter-current gas/liquid exchange. Simi-
lar work is in progress to chack the
feasibility of enrichment of heavy
water by counter-current electro-
lysis and catalytic exchange (CECE)
process using the same catalyst

and a porous electrode electrolyser
developed in BARC.

Water/Ammonia Exchange: Extensive
studies were carried out to develop
suitable tower internals for the
ammonia/water exchange process
in a 25mm dia column. Work
is in progress to test the tower
internals in a 250mm dia. test
assembly.

Heavy Water Upgrading Plants :
The construction of the MAPP up-
grading plant was completed. One
bank of the MAPP upgrading plant
was commissioned with light water.
The performance of the plant was
found to be satisfactory and in con-
formity with the design parameters.
Work is in progress to commission
the entire plant.

Civil work on the upgrading plant
being set up at RAPS, was completed.
Structural work is nearing comple-
tion. Fabrication of the distillation
tower, the reboiler, condenser etc.
is in an advanced stage in different
shops. Most of the other material*
like pumps, instruments, pipe fittings
etc. were despatched to site. Fabri-
cation of tower internals for 8 sec-
tions was completed.

Design and layout of the NAPP
upgrading plant, taking into consi-
deration the seismic force, was
completed.

Theoretical Studies : Calculation
of separation factor for water-fluor-
oform, hydrazine-hydrogen, aniline-
water has been computed. Viscosity
and thermal conductivity of water
and steam has been computed for
the entire range of temperature and
pressure, including the critical region
for ISI steam table.

Development and Manufacture of
Instruments: After the successful
development of the instrument for
monitoring H,S in ppm ranges in
air, work was initiated for the manu-
facture of 50 such instruments for
HWP(K).

H. Reactor Operation

The research reactors CIRUS (40
MW). Apsara (400 KW) and

ZERLINA (100 W) were operated
with a high degree of availability
for research and isotope production.
The areas of utilisation of these
reactors included: agricultural
research; basic research; reactor re-
lated research and development e,g.
fuel development, nuclear instru-
mentation including detectors, lattice
investigation and shielding; non-des-
twetive testing (neutron radiography),
and isotope production.

A complete set of design prototypes
in the programme of conversion of
electronic control equipment of the
three reactors to solid state devices
was tested and found to meet
specifications.

CIRUS remained shut down for
10 weeks starting from April, 1980
for commissioning the modified cham-
ber in the sea water pump house.
This was necessary to enable modi-
fication work to be carried out in
the operating pump chamber for its
intended use as the pump house for
both R-5 and CIRUS reactors.
The shut-down was utilised to cany
out a number of maintenance jobs.

In-service inspection has revealed
that usage of fibre reinforced epoxy
lining on surfaces in contact with sea
water extends the average life of
heat exchangers between overhaul
from 2 to 4 years.

Deaerating capacity for reducing
dissolved oxygen content of main
coolant in CIRUS was augmented,
incidentally improving reactor avai-
lability.

Periodic outage of ZERUNA for
maintenance was extended to in-
corporate improved in-vessel ins-
trumentation which has improved
availability significantly.

Reactor Chemistry : About 20.000
samples were analysed during the
year for maintaining chemical con-
trol on process systems of nuclear
reactors and pressurised water loop
installed in CIRUS. Technical advice
was provided to nuclear power sta-
tions and projects, heavy water pro-
jects, R-S project and outside orga-
nisations in the field of water che-
mistry, reactor chemistry and anary-
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tical chemistry. Technical assistance
provided included complete chemical
analysis of supply water to NAPP
Project, determination of isotopic
purity of heavy water samples, revis-
ing chemistry specifications of RAPS
systems, testing of indigenous organic
ion exchange resins and filter media
for assessing their suitability in
nuclear reactor systems, determina-
tion of helium, and neon content of
purge gas samples from Nangal
Fertiliser Plant, and determination of
isotopic abundances of stable iso-
topes in samples received from other
organisations. Technical discussions
with the local manufacturers of
organic ion exchange resins and ana-
lysing and evaluating their products
has resulted in development of nu-
clear-grade ion exchange resins suita-
ble for use in nuclear reactor systems.

Research and development work in
the field of activity transport in
nuclear reactor systems, including
high temperature high pressure re-
circulating system was continued.
A process for complete removal of
boron, a neutron poison, from the
moderator system of CIRUS was
developed. A new chemical for-
mulation was developed and utilised
for effective chemical cleaning of
RAPS-2 shut-down heat exchan-
gers. Studies on the production of
different gaseous species and tea-
chable organics from organic ion
exchange resins on irradiation with
Y-rays were carried out.

I. Fuel Reprocessing

The second campaign of trial run
was completed in the Fuel Reproces-
sing Plant at Tarapur. The plant
psrformance has been satis-
factory and personnel exposure and
activity release to the environment
have been well within the permi-
ssible limits. The third campaign
with metallic fuel was started. Re-
processing of power reactor fuel is
likely to be taken up after this run.

For the expansion of the Plutonium
Plant at Trombay, fabrication of almost
all the process equipment was com-
pleted and installation of equipment
and piping in the process cells made
progress. The installation of utilities
in various areas of the plant is
also progressing satisfactorily.

For the Kalpakkam Fuel Reprocess-
ing Plant, building layout plans for
different areas were worked out.
Based on these, structural designs
and estimates were worked out.
Development work in the field of
reprocessing was carried out in res-
pect of computer-aided process con-
trol system, in-line instrumentation
for measurement of various process
parameters, and development of vari-
ous engineering components and
systems for use in future plants.

7. HEALTH AND SAFETY
A. Waste Management

Under the radioactive waste manage-
ment programme, the following
projects are being handled :

Waste Immobilisation Project
(WIP). Tarapur: There was good
progress in work on the setting up
of the Waste Immobilisation Plant
at Tarapur. The plant is meant for
the conditioning of highly radioactive
waste generated at the Fuel Re-
processing Plant at the site into
inert, non-teachable, vitreous solids.

At the vitrification plant the design
of inter module piping inside the
processing cell was completed and
installation of the same is in progress.
Installation of services piping system
in the operating gallery comprising
compressed air, cooling water, steam
and makeup chemicals is in an
advanced stage of completion.
Installation of three shielding glass
windows and a number of external
radiation shielding blocks was carried
out. Installation of the equipment
and piping connected with chilled
water system and vessel off-gas
system was completed. Design, fabri-
cation and installation of the induc-
tion furnace module and associated
trolley, drive and drive transmission
system along with housing for fur-
nace was completed. The installa-
tion of capacitor bank and three
inverter units for the induction
furnace assembly was carried out
and work of power cabling,' high
frequency cabling, control wiring,
panelling and cooling water piping
is in advanced stage. The design of
instrumentation panel layout, in-
stallation of transmitters for instru-
ments etc. were completed and

electric wiring and pneumatic piping
is in progress. The design of shield-
ing casks meant for transporting
drums containing bituminised pro-
ducts and canister containing vitri-
fied waste products, shielded box
meant for handling active samples
etc. was completed.

At the bituminisation plant the design
of a pneumatically operated drum
handling system inside the cell
was carried out and installation of
the system is in an advanced stage.
The design of piping layout for the
same area was also completed and
work on the installation is in progress.
Installation of vessel off-gas system
and services distribution piping sys-
tem was completed. Installation of
all primary sensors and transmitters,
akmgwhh connected electric wiring
and pneumatic tubing, was carried
out.

Operational test runs of thermic
fluid heater units, along with the
associated hot oil services system
and the compressor units, were
carried out satisfactorily. The testing
of primary and secondary cooling
water pumps, alongwith cooling
tower and plate-type heat exchangers
for the centralised cooling water
system, was successfully completed
and made operational.

Solid Storage Surveillance Faci-
lity (S3F). Tarapur: Financial
sanction was accorded for setting
up the Solid Storage Surveillance
Facility for the engineered storage,
under constant surveillance and cool-
ing, of the steel canisters containing
vitrified waste-products obtained *
from the conditioning of high-level
radioactive waste at Waste Immo-
bilisation Plant Tarapur. The facility
comprises three major civil structures
viz. the Process Block consisting of
hot cells, laboratories and process ,',
auxiliaries for the processing and
evaluation of waste products, re-
ceiving, checking and periodic ins-
pection of product canisters etc;
the Service Block for housing the
inactive support facilities such as
engineering workshops, boiler house
etc.; the Storage Block housing the
underground vault for engineered
storage of product canisters with j
continuous air-cooling by natural
conviction for a period of about 20
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years before permanent transfer to
a central waste repository.

Excavation works of civil structures
is in progress. Structural design of
the process block, service block and
other auxiliary structures was com-
pleted. Design of the electrical, ven-
tilation and air-conditioning system
of the facility was finalised.

Waste Immobilisation Project
(WIP). Trombay: The facility is
being designed to process radioactive
wastes generated from the Expanded
Plutonium Plant at Trombay. Loca-
tion of site and layout of process and
services buildings were finalised.
Preliminary architectural design is
in hand.

Repository for Immobilised Waste
Products (RIP): A three phase
project proposal for setting up a
centralised repository for the ultimate
disposal in deep geological forma-
tions of immobilised radioactive
wastes generated in the atomic
energy programme is being ex-
amined.

Centralised Waste Management
Facility at Kalpakkam (CWMF):
Commissioning trials for low level
Liquid Effluent Treatment Plant
and Decontamination Facility for pro-
tective wears were successfully
carried out. Setting up c* the Solid
Waste Management Fatuity is in
progress.

Effluent Management of MAPP:
Installation of dispersal tanks is near-
ing completion. Work on laying
cross-country underground piping for
transporting liquid effluents from
MAPP to CWMF and treated effluent
to the sea has commenced.

Effluent Management for NFC at
Hyderabad : Technical feasibility
and cost aspects for the two alter-
natives for (i) treatment and (ii)
transportation to an off-site coastal
area of the effluents generated in the
Tube Plants were examined.

Effluent Treatment Plant for Indian
Rare Earths Ltd. : Commissioning
trials for the plant are in progress.

Narora Waste Management Faci-
lity : Seismic analysis for various

storage tanks and process vessels
that would be a part of Narora Waste
Management Facility was undertaken.
Requirements of all plant services
like process water, stream, compressed
air etc. were finalised. Detailed
design for the Liquid Effluent
Treatment Plant is in progress. Lay-
out of the different facilities at the
retrievable solid storage site at Narora
was finalised.

LW7P Expansion and TRAP Aug-
mentation at Tarapur : Having
finalised the location of the Alpha
treatment facility, further detailing
of the 'jyout is in progress. The
architectural drawing for the chemical
preparation hall in the TRAP aug-
mentation facility was finalised; fur-
ther detailing work is in progress.

Centralised Decontamination Centre
at Tarapur : Based on the
area layout prepared earlier, pre-
paration of a detailed layout such as
illumination and ventillation require-
ment and detailing of the functional
utilities are in progress.

Effluent Treatment Facility. R-S
Project : Progress who maintained
in all the sectors of this facility.

Operations

Liquid Waste Treatment Plant,
Tarapur : This plant, provided for
treating liquid radioactive waste from
PREFRE, received a total volume of
591 m* of effluents. These wastes,
which contained a total activity of
533.40 curies, were treated to retain
99.74 percent of activity as sludge
which, in turn, was safely disposed
of at the Solid Waste Management
Facility.

Radwaste Augmentation Plant,
Tarapur : This plant meant for
treating liquid radioactive waste from
TAPS, received a total volume of
39093 M* of effluents containing a
total activity of 861 curies. The
wastes, after adequate iodine decay,
were given combined chemical ion
exchange treatment to retain 96.66
percent of activity as solid waste.

Solid Waste Management Facility,
Tarapur: This facility received a
total volume of 814 M* of high

active solid waste from TAPS,
PREFRE, LWTP and TRAP for
disposal into RCC trenches. Fuel
pool component reading from 5000
to 1000 R/hr were transported in
specially designed lead cask contai-
ners from TAPS to SWMF and dis-
posed of in tile holes. Monitoring of
ground water in the solid waste
management facility at regular inter-
vals indicated the leak tightness of
the various types of containments
used for solid waste disposal.

Active and Inactive Laundry :
A total of 75.696 kg of active cloth-
ing and 6477 kg of inactive clothing
were received in this Centre for
decon lamination.

Liquid Effluent Management
Plant (LEMP), Rajasthan : This
plant received a total volume of
19786 M* of effluent containing 405
mCi of gross beta-gamma activity
and 1122 Ci of tritium activity.
32.4 percent of the liquid effluent
was pumped to the solar evaporation
facility for concentration.

Solid Waste Management Facility,
Rajasthan, received a total volume of
140 M» of radioactive solid waste
and was disposed of in safe engineer-
ed containment.

Regular operation of the Effluent
Treatment Plant and Decontamina-
tion Centre, BARC, was carried out
The Radioactive Solid Waste
Management Facility was operated
satisfactorily.

Research and Development

Laboratory Studies : The effort to
condition the high-level waste into
an inert and stable solid form for
ultimate disposal and isolation from
the environment was continued.
Several additional vitrified waste
compositions incorporating simulat-
ed high-level radioactive waste ex-
pected from the fuel reprocessing
plant, Tarapur, were developed and
evaluated for their resistance to
aqueous attack and other physical
properties. Radiation stability for
studying damage due to alphas was
taken up using neutron irradiation
technique. Some of the iwathodi
emptoyed for the characterisation
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I ,

and evalation of vitrified waste
products from the point of view of
long-term storage were standardised.

A joint programme is being chalked
out in collaboration with the Federal
Republic of Germany to conduct
experiments for the characterisation
and evaluation of actual vitrified
waste products at the Solid Storage
Surveillance Facility being built ad-
joining the Waste Immobilisation
Project, Tarapur.

As an alternative to vitreous matrices,
the development of other matrices
viz. synthetic inorganic ceramic type
exchangers such as titanates, zir-
conates, niobates etc. has been in
progress, apart from naturally occurr-
ing alumino-silicates, for the fixation
of specific fission products in the
structure. Studies on 'Synroc' type
of structure for the immobilisation
of high-level waste by incorporation
in the crystal lattices of the consti-
tuent mineral of the synthetic rock
was also taken up.

Mock-Ups I Development / Testing :
Mock-up studies with respect to
verification of process design para-
meters and remote operation of mech-
anical assemblies were continued.
Performance testing of remote-head,
remote controlled diaphragm-type
metering pumps was carried out.
Based on the testing of submerged
pumps and agitators, modifications
in the assemblies are being carried
out. Mock-up testing of remote re-
moval of mechanical assemblies jike
submerged pumps, mechanical agita-
tors were performed and certain
improvement in the housing and
bolting arrangement are being made.
For the wiped film evaporator unite,
the dowel pin assembly was modi-
fied after carrying out testing for
remote removal.

Water Hyacinth Studies : The
potential of water hyacinth as a low
cost absorption system for the re-
moval of residual radioactivity in
treated effluent streams was success-
fully demonstrated in static labora-
tory experiments; test systems are
now under evaluation.

Detritiathn Studies : Laboratory
studies were carried out for the con-

centration and containment of tritiat-
ed waste. Concentration in cellulosic
materials and containment in cement
matrices have been attempted.

Reverse Osmosis: Further studies
indicate degradiation of cellulose
acetate membranes beyond a radia-
tion dose of 1.00 megarads under
simulation tests while polyamide
membrane exhibit no degradation
upto 2.50 megarads but improve
their flux properties.

Decontamination of Reactor
Systems : Static experiments were
carried out under simulated pressure
and temperature conditions using an
autoclave. Dissolution of the synthe-
tic crud samples in different deconta-
mination formulations were studied.

Geohydrological Studies : At the
TAPS site, detailed evaluation of
waste burial site is in progress,
including zonewise soil investiga-
tions with respect to their physico-
chemical characteristics and radio-
nuclide movement, new waste burial
site for NAPP is being selected.

Use of Pofyefectrolytes in Che-
mical Treatment: Studies on the
mechanism of interaction of non-
ionic polyelectrolytes in copper
ferrocynide precipitation for removal
of 137 Cs were carried out using
scanning electron microscope. The
rate of ftocculatkm and settling of
copper ferrocynide precipitate with
and without ferric chloride and poly-
electrolyte is being studied. The
analysis of commercially available
polyelectrolyte using qualitative, qua-
ntitative and IR spectroscopie methods
is being carried out to synthesize
tailormade coagulant aid to meet the
requirements in the effluent treatment
plant.

Studies on Soil Characteristics:
The physical and chemical properties
of soil which effect retention of
radioactivity were evaluated for the
soil samples collected from various
sites considered for the disposal of
radioactive wastes in the Southern
Region.

Studies on Acid Digestion of
Solid Wastes : In order to establish
process parameters for treating alpha

contaminated solid wastes, experi-
ments were carried out for digesting
polythyjene and wooden wastes using
sulphuric acid which carbonises the
material and nitric acid, which helps
in oxidation.

Effluent Management Unit for
NFC (EMU) : Round-the-clock
operations were continued and about
7200 M' of liquid effluents were
transported to solar evaporation
ponds. During the year, 1200 M*
of sodium nitrate arid silicate solu-
tions were recovered and released
for sale.

Air-filters : Development work on
the nitrogen gas purification system
was taken up. For this studies were
carried out for collecting experi-
mental data on the removal efficiency
and adsorption capacity of activated
charcoals for air-borne traces of
inorganic acids and organic solvents.
Studies were also carried out for the
removal of very low concentrations
of oxygen from nitrogen using Pd/
AltOj catalyst. Based on this work,
a process for nitrogen purification for
use in the radio-metallurgical labor-
atories was developed.

Studies for developing a simpler
and better method, based on sard
bed air filters, for off-gas cleaning in
fuel reprocessing plants were con-
tinued, work on the preparation of
molecular sieves for the removal of
air-borne radkriodine and water
vapours was continued. A process
for the disposal of alpha contaminat-
ed PVC waste by acid digestion j
using sulphuric acid and selenium
catalyst was developed.

Studies were continued for the deve- ,
topment and improvement of liquid
filter for the removal of suspended
paniculate radioactivity in effluent ii
liquid streams of various nuclear
plants and for ultra-purification of
some lubricating and pump seal oil»
These filters am in use at PREFRE, <
Tarapur and Effluent Treatment Plant
Trombay. Studies were carried out
to estimate the total suspended
particulate load and particle s i»
distribution in effluent streams of '
various nuclear plants and labora- I
tones. Studies on the development
of emergency air cleaning system for
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LMFBRs are in progress and a facility
is being set up for the characteriza-
tion of sodium-oxide aerosols
generated under controlled condi-
tions.

Studies were carried out for the
development of a process to manu-
facture nuclear-grade activated char-
coals for the removal of radioactive
vapour and gases from nuclear plants
and laboratories. Studies were also
carried out to improve the adsorp-
tion characteristics of other available
activated charcoals by impregnating
suitable chemicals. Testing methods
were standardized for evaluating
adsorption characteristics and igni-
tion temperature of activated char-
coals as per the latest reactor safety
criteria. Low temperature adsorption
characteristics of activated charcoals
for adsorption of nitrogen from the
streams were studied for applica-
tion in R-5 cover-gas cleaning
system.

Work was completed on the design
of a DjO vapour recovery system for
reducing the loss of heavy water
during reactor operation, and char-
coal delay columns for reducing the
activity in the exhaust gases for
R-5 reactor.

B. Health Physics

Health Physics units in BARC, TAPS
and PREFRE at Tarapur, RAPS at
Kota, UCIL at Jaduguda, NFC at
Hyderabad, MAPP and RRC at
Kalpakkam and IRE at Always continu-
ed to provide routine health and
safety services. In BARC, special
health physics surveillance was pro-
vided for a number of special jobs
involving high radiation levels in
the Plutonium Plant. Health physics
supervision was provided for two
tracer experiments conducted by
the Isotope Division. The Health
Physics Unit located at Tarapur conti-
nued to provide surveillance and
advice during the refuelling and
maintenance of the reactors. Exten-
sive health physics coverage was
provided during jobs involving high
radiation fields such as removal of
hot spot in CRD housing area of
Unit-1 of the station, repair of Em-
ergency Condenser Pipe Line, etc.
The Health Physics Unit at Kota,

provided health and safety coverage
for charging and ejection of modera-
tor resins and entries to shut-down
areas during reactor operation, besid-
es routine activities.

Routine monitoring of personnel
working in radioactive environ-
ments in BARC and other units of
DAE was continued. 1730 occupa-
tional staff from TAPS and 68 from
TWMF were whole-body monitored
in the whole-body counting set-up
at ESL, Tarapur. Radio cesium and
radiocobalt continued to be the major
internal contaminants. No case of
over exposure or exposure anywhere
near MPBB was observed. At ESL,
RAPS, 114 radiation workers were
monitored by whole-body counting.
137Cs, 1MI and *°Co were the main
internal contaminants. But the levels
observed were much below the
permissible limits.

Radiatjon surveillance around the
Centre was continued. About 80
environmental samples were collect-
ed from the Bombay harbour and
analysed. The results show that the
maximum radiation exposure from
consumption of bay organisms is
only 0 . 1 % and from salt 0.2% of
the permissible annual dose limit.
Environmental radiation monitoring
using TLDs were done around all
power station sites, and also inside
the BARC, IRE, Manavalakurichi and
NFC, Hyderabad. Environmental sur-
veillance and monitoring of PNE site
at Pokharan was continued.

Environmental survey laboratories at
Tarapur, Kota and Kalpakkam con-
tinued their programmes of monitor-
ing of radioactivity in terrestrial and
marine/aquatic environment. At ESL,
Tarapur, 450 samples consisting of
air filter, crop, fallout deposition,
sea food, see weeds, goat thyroid,
etc. were collected and analysed for
the major radionudides present in
TAPS releases. Radioactivity con-
tribution to TAPS releases could not
be detected in samples from the
terrestrial side.

AT ESL, Kota, 590 water samples from
different locations at RAPS environ-
ment were analysed for radioactivity
contents. Routune air-sampling was
continued at ESL at Kalpakkam.

Also, number of vegetation samples
from the area were analysed
for natural radioactivity i.e. xt*Po
and *MRa, which were found to be
appreciable.

To assess the hazards arising from
conventional air pollutants in different
industrial operations/developmental
activities, periodical surveys were
made for the estimation of cyanide,
sulphuric acid mists, oxides of nitro-
gen, mercury, beryllium, CO, oil-
mists, phosphorus, phosphine and
dust in the work atmosphere. Venti-
lation, illumination and noise level
surveys were carried out in different
areas of the Centre. Seventy persons
working at the VEC project who were
exposed to high noise levels were
tested to determine their hearing
levels.

A programme for measuring natural
radiation background levels over the
length and breadth of the country
was initiated. The ultimate aim of
this project is to find out the distri-
bution of natural radiation back-
ground in India. In this programme,
three types of estimates are being
attempted, namely, (i) integrated
measurements using TLDs (ii) esti-
mates from portable survey-meter
measurements and (iii) air-dose
estimates based on the primordial
radioactivity of different rock types.

A method was developed for using.
TL dosimeters in conjunction with
'Electrets' for measuring radon and
thoron concentrations in air.

A TL technique was developed to
estimate the firing temperatures of
potteries. The technique received
wide acclaimation in archaeological
circles during an international meet-
ing at Oxford in September 1980.

ESR measurements on gypsum cryst-
als have been successfully used in
dating the depositional ages of these
quaternary crystals from the marshy
plains of the Rann of Kutch. These
measurements led to an estimate of
nearly two million years, the highest
reported so far in any TL dating
attempt.

Sixteen TLDs using natural CaF,
phosphors were sent for the fifth
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International Intercomparison Studies
being conducted by the University
of Texas, U.S.A. The estimates were
within ± 10% of the official values
in the previous intercomparison ex-
ercises.

In collaboration with the Division of
Radiological Protection, a detailed
microdosimetric study of electron
interactions in liquid water, includ-
ing SH as the source of electrons
was conducted.

Study of track development techni-
ques, fast neutron dosimetry by
recoil track studies, evaluation of
new track detectors such as CR-39
and polyester films, and spectro-
metry of alpha particles and fast
neutrons (by recoil tracks) were
continued.

The Monte Carlo code for calcula-
tion of calibration factors for assess-
ment of low energy photon emitters
in vivo using phoswich detector,
developed earlier, was supplied, to
the Radiation Shielding Information
Centre, Oak Ridge, National Lab.,
U.S.A. A similar request for supply of
the code to the Nuclear Energy
Agency Data Bank was received.

The intrinsic Ge detector has been
used to standardise a method for the
estimation of low levels of Pu and
Am in soil samples employing low
energy photon spectrometry.

An Indo/FRG project to study "the
distribution and mobilization of lanth-
anides and transuranics at sub-
cellular level in terrestrial and aquatic
biota" was initiated in collaboration
with the Institute of Genetics and
Toxicology, KFK, Karlsruhe, FRG.

A dispersion model for radioactive
material disposed at the sea-bed
was developed. Computation of
dose commitments to the critical
group (fishermen) arising out of
such disposal is being worked out.
A model was also developed for
discharges of radioactive material
into the river basins using the non-
advective/advective and adsorption
characteristics of the radionuclides.

At Trombay, studies on the distri-
bution and behaviour of transuranic

nuclides in the marine environment
were continued under an IAEA re-
search contract. Remobilization of Pu
from contaminated sediments into
sea water was, studied under different
conditions. The final report on the
IAEA research contract work carried
out at ESL, Tarapur, on 'critical'
pathway studies for selected radio-
nuclides', was submitted to the
Agency. The division participated in
the analytical inter-calibration pro-
gramme of WHO's International Re-
ference Centre. At ESL, Kalpakkam,
a number of marine organisms are
under study for their natural radio-
activity due to occurrence of mona-
zite in the local beaches. High
accumulation of 110Po was observ-
ed in the flesh of Green Mussel-
Perna Viridis, snaW-Thais sp £r crab-
Neptumus sp. In view of the low
levels of «*Ra, *MRa, »cPb and
M0Po in sea water, analytical me-
thods involving large volumes of
sea water were established. Vege-
tarian and non-vegetarian whole meal
samples collected from fishermen
and farmers were analysed for natural
radioactivity. The data showed that
non-vegetarian samples have higher
2I0Po than the vegetarian ones,
possibly due to higher "°Po in the
dietary fish.

Trace element concentrations of
Zn. Cu, Mn, Co, Fe, Pb, Cd and
major elements—Ca, Mg, K and
Sr—in marine molluscus and crust-
aceans were studied to arrive at the
concentration factors for these ele-
ments in the marine environment.
Work under the IAEA co-ordinated
Research Programme on Radium in
the environment entered the final
phase. Sources of radium in the
Indian environment were identified.

Studies on marine bio-fouling aspects
at MAPP Jetty were carried out
under the Indo-German Scientific
Co-operation programme.

A study was carried out to assess
the various uncertainties involved
in the use of atmospheric diffusion
models for air pollution work.

Atmospheric turbidity and columnar
moisture content estimated from
sun photometer measurements at
Bombay were correlated. Differences

in urban and rural levels of turbidity
and influence of convective mixing
on humidity were evaluated.

A wind tunnel study was carried
out, in collaboration with PPED,
at the Indian Institute of Science,
Bangalore, to simulate the air-flow
at NAPP site.

Computation was done in connection
with stack releases *.id the emer-
gency monitoring s* item at TAPS.

Resuspension factors and dissolu-
tion characteristics were determined
for Pu aerosols. These are useful
in the evaluation of hazards of plu-
tonium. BARC aerosol generator/
inhalation system was modified to
generate aerosols for mucociliary
studies and lymphoscintigraphy.

An INTEL 8085 based computerised
Pu Waste Monitor was installed
under the Indo-German collaboration
programme. The system finds out
the attenuating medium present in
the waste container and corrects
the Pu content measured non-des-
tructively using gamma spectroscopy.

Two neutron coincidence counting
systems employing shift register
technique and the conventional coin-
cidence method were developed. The
systems were successfully tested at
the Plutonium Plant.

X-ray fluorescence analysis using
the intrinsic Ge detector and an
M1Am ring source is being carried
out. A method to correct the atten-
uation in powder samples was
developed. A number of soil samples
were analysed using the method.
Iodine was reported to be present,
for the first time, in such samples.

C. Radiation Protection

The mechanism of lyoluminescence
was experimentally investigated.
When irradiated glutamine, mannose
and alanine are disolved in water,
peroxides are formed. These reac-
tions might be related to the process
of light emission. The peroxides were
estimated by their ability to oxidise
ferrous to ferric ions. A research
contract on a chemical read-out
technique for alanine dosimetry has
been submitted to the IAEA.
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Yeast cells treated with Vitamin C
alone in low concentration enhanced
the radiation sensitivity for cell kill-
ing of oxygen-deficient cells and
protected normal cells. One of the
reasons for the failure of radiation
treatment of cancer is the presence
of oxygen-deficient cells with their
enhanced radiation resistance. Basic
studies of the type carried out on
yeast cells may contribute towards
better radiotherapy.

The procedure for obtaining shielding
thickness by assuming that all mats-
rials are concrete equivalent (after
applying density corrections) is
not valid at low energies. This was
shown by Monte Carlo calculations
which pave widely different values
for the tenth value layers of gypsum,
lead, mason ite, water and Pyrex
glass at low energies. This study has
a bearing on protection against low
energy X rays such as those used in
dental radiography and mammo-
graphy.

A dedicated microprocessor was deve-
loped for on-line data acquisition,
processing, computation and statis-
tical evaluation of a coincidence
counting system.

A highly sensitive thermoluminescent
phosphor (Mg, SiO4 : Tb) was pre-
pared for dating ancient pottery.
This phosphor has an effective atomic
number close to that of quartz which
is mainly responsible for the therm-
oluminescence observed in pottery.

Radioactive fallout from the 25th
Chinese thermonuclear explosion
carried out on October 16,1980 was
studied to obtain information on the
test as well as on the levels of fallout
at countrywide monitoring stations.
The fallout monitoring facilities were
extended to include Jodhpur.

Cancer departments in the country
were assisted by the following pro-
grammes to improve radiation treat-
ment: 64 hospitals participated in a
project to reduce variations in the
radiation doses delivered to cancer
patients undergoing treatment with
MCo teletherapy equipment. Though
the medically acceptable limits are
within + 5%, deviations in doses
of more than 50% were observed

in some institutions; quality assurance
tests of medical radiological equip-
ment such as "Co units and linear
accelerators; comparative evaluation
of radiological features and perfor-
mance of indigenously available
teletherapy equipment with impor-
ted ones; development of appropriate
computational, dosimetric methods
for megavoltage beam therapy units.

The volume of advisory services
increased considerably during the
year compared to last year. In addi-
tion to answering 3890 queries on
radiation safety and equipment, 1573
authorisaitions were issued to radia-
tion users, and 524 radiation ins-
tallations were planned. Other advi-
sory activities in progress were:
preparation of licensing procedures
and safety manuals for nucleonic
guages and smoke alarms and revi-
sion of I.S.I, safety code for industrial
radiography.

The countrywide personnel moni-
toring service for estimating radiation
exposure covered about 22,000
regular radiation workers from about
2,100 institutions. Besides, about
3,500 workers in 35 institutions of
DAE and BARC were monitoried
with TLD badges. Fast neutron doses
to nearly 400 persons are monitored.

A label which changes from yellow
to red when exposed to radiation
was developed and supplied to
ISOMED Plant. These labels are
useful for verifying whether the
materials are radiation-sterilized or
not.

Radiological protection surveys of
X-ray and gamma radiographic ins-
tallations, radiation therapy facilities
and radioisotopes laboratories were
conducted in 146 institutions com-
prising 101 diagnostic X-ray, 5
brachytherapy and 40 industrial ins-
titutions. Besides, 13 installations
were surveyed on the recommenda-
tion of the Excessive Exposure
Committee. Pu-Be neutron sources
were verified in 15 institutions. Tele-
therapy source transfer operations
were supervised in 16 institutions.
Thirty radiological protection survey
tours were undertaken.

D. Safety Evaluation

Analytical aspects of power reactor
coolant line freezing technique were
studied. Significant contribution was
made to review of technical specifi-
cations for the initial start-up and
operation of RAPS-2 Reactor and
to the Departmental review of IAEA
safety codes and guides received
from time to time. A proposal on the
use of indigenous neon-helium gas
mixture in place of imported helium
cover-gas for heavy water moderated
reactors was evaluated from nuclear
engineering and safety aspects. .

E. Monazite Survey Project

In continuation of efforts to evaluate
the extent of chromosome damage
in human populations exposed to
low levels of chronic radiations, chro-
mosome analysis was earned out on
over 245 samples, including some
45 samples from Chavara-Neenda-
kara area (normal and high back-
ground radiation areas) and 200
samples from among the employees
of TAPS.

So far 200 samples from among the
251 samples obtained from TAPS
employees have been analysed for
chromosomal investigations. Over
22,500 cells have been analysed.
Since decoding has not been done,
it is not possible at this stage to woik
out the dose-effect relationships.

8. ENERGY RESEARCH

Thermal Desalination : Detailed
design of the 2,20,000 litres/ day
Multistage Flash Distillation Plant
is almost ready and fabrication and
material procurement activities are
in progress. Detailed design of the
2,20,000 litres/day capacity pilot plant
based on the Vertical Tube Evapora-
tion Multistage Flash (VTE-MSF)
process is in progress. Under the
material development programme, fur-
ther work was continued for assess-
ing the corrosion behaviour of vari-
ous alloys for desalination service.
Fabrication of the Heat Transfer Test
Facility for assessing the heat transfer
characteristics of profile tubes for
desalination applications is in pro-
gress. A 30 Te/day VTE type fresh
water generator for use on board
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ships is being fabricated. Support
studies on pretreatment of saline
water were carried out. Measures
were initiated for the transfer of
know-how pertaining to land-based
and ship-borne desalination plants
to outside parties.

Membrane Desalination — Reverse
Osmosis : Long-term endurance
tests with Shell/Tube Module Re-
verse Osmosis Pilot Plant incorporat-
ing cellulose acetate membranes on
porous FRP support, indicate mem-
brane life of more than one year,
thereby reflecting the commercial
scale potential of such a system.
Cellulose acetate membranes in sheet
form, tested in a plate module,
showed higher salt rejection and
water flux as compared to tubular
membranes under hand operation.

Electrothermal Phosphorus •. A few
more runs of the Phosphorus
Pilot Plant at Trombay were con-
ducted using low-grade rock phos-
phates from Rajasthan to demons-
trate the operation for the financing
institutions of the clients obtaining
our technical know-how.

Efforts are on to transfer the know-
how to outside agencies.

Development of techniques for the
recovery of phosphorus and effluent
treatment is in progress.

Electrolytic Hydrogen ; For the
Electrolytic Pilot Plant reported
earlier, fabrication and procure-
ment of vital components is in
the final phase. The project proposal
for a semi-commercial scale plant of
3800N M'/day of hydrogen is under
consideration. Action was initiated
for the transfer of the know-how
pertaining to Advanced Electrolysers
to interested parties.

9. SERVICES

A. Civil Engineering

Trombay works: The major civil works
of the R-5 project were completed
during the year. The building was
handed over to Users for the installa-
tion of equipment etc. The external
services like roads (excluding black

topping), water supply and sewer
lines, storm water drainage, laboratory
drains etc. were also completed.
Construction of underground service,
trenches for cables and pipe lines is
in progress.

Among other civil works at Trombay,
expansion of the Uranium Metal
Plant was taken up and the stores
building (which will be used as
transit facility) was completed. For
the Radiological Laboratory, cons-
truction of workshop and airlock
and enclosure to the covered area
near the despatch room was com-
pleted. A special store yard with
security fencing for storing costly
materials and heavy equipment was
constructed. At the request of the
Civil Aviation Department, a build-
ing for accommodating Extended
Range VHF equipment was built on
the Trombay Hills.

The work on extension to the Faggots
Building, extension to facilities for
chemical works and plutonium fuels
in the Radiological Labs., and cons-
truction of operation testing facility
building under Plutonium Plant ex-
pansion scheme was taken up.
Planning for extension to the Library
Wing of the Central Complex, con-
trol room for Civil Defence, shed for
storing exhibition materials, exten-
sion to HIRUP building for nuclear
hydrology laboratory, extension to
Van-de-Graaff building and Wireless
Repeater Station on Trombay Hills
for the Maharashtra State Govt,
was completed: these works will be
taken up soon. A Waste Immobili-
sation Plant for treating high level
wastes generated at Trombay is
proposed; preliminary investigation
and planning are in progress.

Vashi (New Bombay): Construc-
tion of the Beryllium Pilot Plant
building was completed and cons-
truction of the Beryllium Machining
Facility is in progress. Civil
works of the Radiopharmaceutical
Lab. building are in an advanced
stage.

Tarapur Works : The expansion
of the existing Micro-met Lab. for
the Health Physics Division, BARC,
was completed. For handling spent

fuel flasks by PPED, transit arrange-
ments near the railway skiing at
Tarapur were proposed and civil
works for the same were taken up
and completed.

Construction of the Solid Storage
Surveillance Facility consisting of pot
storage vault building, process build-
ing, service block, underground
water tank, and other ancillary struc-
tures commenced and civil works
are in progress.

The BARC Housing Colony at Tarapur
is planned to be expanded in a big
way and construction of 198 quarters,
along with all services, is in progress.
Planning for constructing 512 quar-
ters was completed. The scheme for
augmenting the water supply to BARC
and TAPS Colonies by extending the
existing MIDC water supply mains was
prepared in consultation with MIDC.
Detailed planning for the Centralised
Fire Station for catering to the needs
of all DAE installations at Tarapur
was completed.

For dealing with the radioactive
wastes emanating from TAPS, PRE-
FRE etc. a set of RCC trenches (3rd
set) is nearing completion.

Srinager & Gulmarg : Construc-
tion of the Nuclear Research Lab.
comprising the lab. block, PANBIT,
heating plant building and overhead
water reservoir, along with external
services and roads was completed.

Structure/ and Public Health De-
signs : The design personnel of
the structural and public health
sections of the Civil Engineering
Division executed the planning and
designs of all BARC projects men-
tioned above, besides, serving other
units of DAE.

For TAPS, detailed designs, drawings
and estimates were provided for the
construction of 54 type 'B ' quarters,
along with external services like
water supply, sewerage, roads etc.
Also, designs and drawings for exten-
sion to existing canteen building
were supplied. Further planning, de-
signs for expansion of TAPS Colony
by 196 quarters, along with external
services like water supply and sewe-
rage systems were completed and
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these works will be taken up in
phases by TAPS. Planning for ex-
tension to the Radioactive Laundry
is in progress.

For RAPS, designs for extension to
the Hospital building, construction of
quarters, including water supply,
sewerage system, sewerage treatment
plant etc. are on hand.

For NAPP, necessary designs, draw-
ings and estimates for the required
types of quarters conforming to the
revised norms of the Ministry of
Works and Housing were prepared
and supplied. Planning for school
building phase-ll and hostel building
phase-11, Staff Welfare Centre and
Officers' Club, Cycle Shed/Scooter
Shed is in progress.

For the Nuclear Fuel Complex at
Hyderabad, planning, designs and
drawings for the Administrative Com-
plex, including guard house and
expansion to the DAE Housing
Colony by 360 quarters, along with
common facilities, is on hand. For
the Heavy Water Project Housing
Colony at Tuticorin, designs and
drawings for type 'A' and 'B' quarters
and the Medical Centre, were com-
pleted.

Architectural Design : The Archi-
tectural Section was entrusted with
the architectural designing and
detailing of buildings and work as
project architects for all the units of
DAE, and local and International
Trade Fairs. Architectural designing
and detailing assignments for build-
ings of the various units were handled.
Also, overall consultancy was pro-
vided to the Research and Deve-
lopment Centre for Iron and Steel
of the Steel Authority of India, and
the Ministry of Defence.

B. Technical Services

Some of the major projects for which
the technical services are being
provided during the year are as
follows:

BARC Projects: (T) At Trombay,
for the Engineering Hall for the power
reactor primary heat transport system
testing facility, the major electrical
equipment like transformer, asso-

ciated HT and MV switchgears
were received and their erection is
in progress. (2) For the R-5 Project,
installation work for power and light-
ing for the reactor service building
and main sub-station, including in-
stallation of batteries, DC bus duct
was completed. The 22 KV high
voltage power supply of permanent
sub-station was energised. Some of
the safety-related equipment like
150 KVA motor alternator sets, rec-
toformers and batteries were received
and their erection is in progress. The
erection of medium voltage switch
gears was completed. The 550 TR
centrifugal water chilling machine
was received and the foundation
work for its installation was taken
up. The ventilation erecting work in
the reactor building, service building
and reactor annexe was completed
to the extent of about 80%. Equip-
ment like chilling units, centrifugal
blowers, air compressors were tested
in the manufacturers factory and
about 60% of the equipment was
received at site. A 75 tonne EOT
crane was installed and commissioned,
some of the smaller capacity EOT
cranes for the service building were
also commissioned.

VEC Projects: Eection, installation
and commissioning of the 2 MVA
captive power plants for the conti-
nuous emergency power supply to
the Project was completed and the
equipment was commissioned.

Vashi Project : After completing
the detailed engineering design for
electrical, air-conditioning and ven-
tilation and other mechanical services
for the BPP and BMF Projects,
about 80% of the service installation
work was completed.

Tarapur : (1) The electrical and
mechanical services for the Waste
Mobilisation Plant were completed
and equipment commissioned and
handed over for operation and main-
tenance. Erection of additional steam
pipe required for the boiler house
and pump house is in progress
(2) For the PREFEE expansion,
the engineering details for the elec-
trical, air-conditioning and ventilation,
mechanical system work, cooling
water system for the furnace etc.
were completed. Detailed design and

engineering for Phase-I comprising
permanent stores, workshop.,'A' block
and filter house was completed. The
service installation work for these
facilities is in progress. Detailed
engineering design for the service
facility for the main laboratory as well
as the service block was also
completed.

Srinagar : For the Nuclear Research
Laboratory, after completing engine-
ering details, design for electrical
heating and mechanical service of
major equipment and installation
of the equipment received is in
progress.

Engineering designs and estimates
for various plants and laboratories
of the Atomic Minerals Division at
Hyderabad; Seismic Array Station,
Gauribidanur; Computer Facility
TIFR, IRE Plants at Chavara, Mona-
zite Survey Laboratory in Kerala,
etc. were prepared and submitted
for financial sanctions.

C. Central Workshops

Central Workshops (CWS) manufac-
tured during the year equipment for
various units of the DAE costing
about 23.25 crores.

The main vessel for the R-5 reactor
was completed ahead of schedule
and handed over to the Project for
installation. Some of the major jobs
completed in CWS are: End-fitting
bodies for the second unit of NAPS:
two fuelling machine heads for
MAPS. Besides, several precision and
priority jobs for various projects e.g.
MAPP-I, MAPP-ll, NAPP, RRC,
HWP (Talchar) etc. and BARC were
completed. As a joint effort with
IIT, Bombay, development of a
prototype or 250W sterling engine
was done.

The work of component manufacture
for 6 units of fuelling machine heads
for NAPP are completed to the extent
of 90%. The assembling of the first
unit is under progress. Four-fifth
of the linear tubes for NAPP-II was
completed. Fabrication work of the
fuelling machine vault and fuelling
machine service area shielding doors,
end-shield support for NAPP-II,
special jaw plate casting and vacuum

38



distillation retort for NFC, equip-
ment for Space Lab. Cosmic Ray
Experiment for TIFR, Lab, Mixer-
Settler for RRC, etc. is in progress.

The articulated manipulators are in
production stage and simultaneously
development work on its modified
version is in progress. The design
and testing work on extended reach
manipulator was completed. The
power manipulator, capable of nine
different motions and 50 kg capacity
was developed and tested success-
fully. The design of the underwater
handling and cutting unit for R-5
irradiated fuels, and hot-cell periscope
for WIP was completed and fabri-
cation of prototypes is in progress.
An equipment for cutting the irra-
diated cobalt-60 bundles in RAP-
CO F hot-cell at RAPS was designed
and fabricated. A programme for
remotisation of conducting non-des-
tructive examinations in the radio-
active area was taken up. An equip-
ment for ultrasonic inspection of
weld seams in pipes was designed.

Major jobs in hand are: storage bay
equipment for R-5, distillation colu-
mns for MAPP-II, D2O upgrading
plant, fuelling machine vault shield-
ing access doors for NAPP-I, and
magnet for MHD project. These
jobs are in the planning stage.

D. Library and Information
Services

The Library holdings now stand at
nearly 6,20,000, including 65,300
books, 53,000 bound volumes of
periodicals and 5,00,600 technical
reports. The Library receives 1581
periodicals, of which 1281 are subs-
cribed to, the rest being received
gratis or on exchange basis. Besides,
there are some 16,000 patents,
standards and specifications, several
thousand reprints of scientific papers.
The reports collection is one of the
largest in the world in the nuclear
field and, on an average, 30,000 new
reports are added to this collection
annually.

There are about 9000 active users of
the Library, including scientists from
other organisations and institutions,
university teachers and students.

During the year, 145 technical reports,
embodying the results of research and
development work done in the Cen-
tre, and the proceedings of symposia,
conferences etc. organised by the
DAE and BARC were brought out.
Translations were done from Russian,
German, French, Japanese, Spanish
and Italian languages at the request
of scientists and engineers of the
Centre and other units of the DAE.
About 220 requests for translations
were complied with during the year.
A tri-monthjy entitled 'Translation
Bulletin', giving bibliographic details
of the translations done during a
quarter was brought out. Copies of
this bulletin were widely distributed.
Courses were conducted in French,
German and Russian for the benefit
of BARC scientists and engineers.
Interpretation service was also pro-
vided on a number of occasions.
Short-term training was imparted to
a few personnel from other organisa-
tions and institutions in library opera-
tions and computer handling of
information.

Activities were continued in connec-
tion with India's participation in the
computer-based International Nuclear
Information System (INIS) establi-
shed by the IAEA at Vienna in
May 1970. During the calander year
1980, 1000 items published in India
and falling within the subject-scope
of INIS were fed into the System.
India has so far fed 9280 items to
the System, amounting to about
1.6% of the items in the INIS Data
Bank. SDI service based on INIS
output tapes using IRIS-80 computer
at VEC, Calcutta, was started, cover-
ing about 100 individual scientists
and groups.

Various current awareness and other
information bulletins such as 'List
of Additions' (monthly) giving new
publications added to the Library,
'Bibliography of Current Reports'
(computerised monthly), giving new
technical reports added to the
Library,' Nuclear Information Bulletin'
(bimonthly), 'Current Awareness
Services on Reactors and Nuclear
and Neutron Physics' (monthly),
were continued. Services such
as reprographic, micrographic,
photographic and offset and letter-
press printing were rendered on a

large scale to meet the require-
ments of the Centre.

E. Computer Services

The BESM-6 computer system gave
a reasonably good performance with
660 hours of average system avai-
lability, and about 30 hours-a-month
down time. A number of peripherals,
namely, a 900 lines per minute, 96
character, heavy duty line printer,
a microprocessor based console, 7
and 9 track tape units for compati-
bility with standard systems etc. were
added to enhance the utilisation of
the computer.

The H-400 computer system was
operated for machine time of 3109
hours during the year with preven-
tive maintenance time of 146 hours,
machine availability for more than
90%. The system continued to be
used for commercial applications of
BARC such as, preparation of pay-
roll, inventory control, billing opera-
tions etc.

10. TRAINING

Seventy-five graduates in science
and engineering completed the 23rd
Course of the Training School which
was conducted from August 1979 to
July 1980. They were absorbed as
Scientific Officers and Engineers in
BARC and other units of OAE.

Two hundred and thirty-five out-
standing young graduates in science
and engineering, selected on all-
India basis joined the 24th Course
which commenced in August 1980.
Out of these, 167 joined the one
year training course at the Training
School and 68 joined the In-plant
Training Scheme. Out of die 68
In-plant trainee engineers, 26 are
given training at the Nuclear Train-
ing Centre, RAPS, Kota and 42 are
given training in BARC Training
School for 6 months, after which 20
of them will be given on-the-job
training for 6 months at the Heavy
Water Projects, and 22 will be given
on-the-job training for 6 months at
Nuclear Power Projects.
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A six weeks' Refresher Course for
University Post-graduate Teachers in
Physics and Chemistry was condu-
cted in collaboration with the
University Grants Commission during
summer 1980. Eight university
teachers in physics, and 16 in che-
mistry participated in the Course.

Twenty-four National Science Talent
Search Scholars deputed by the
National Council of Educational Re-
search and Training, New Delhi,
for summer training in research
methodology, were given training
under the expert guidance of senior
scientists in different divisions of
BARC, for a period of one month.

Practical training was arranged in
BARC for over 75 engineering
students from NTs and engineering
colleges as part of their degree
requirements.

Six students of Diploma in Radia-
tion Medicine (D.R.M.) and 8 students
of Diploma in Medical Radioisotope
Techniques (D.M.R.I.T.) are under-
going one year training at R.M.C.
and will be appearing for the D.R.M.
and D.M.R.I.T. examinations of the
Bombay University in 1981.

Fifteen students of the 18th one
year post-graduate Diploma Course
in Hospital Physics and Radiological
Physics completed the Course. The
nineteenth batch consisting of 14
trainees is attending the Course from
September 1980.

Three short-term courses, each of
four weeks' duration, two on the
"Safety Aspects in the Industrial
Applications of Radiation" and one
on "Safety Aspects in the Medical
Uses of Radiation" were conducted
at Trombay. Seventy-seven trainees
from all over the country attended
these Courses.

Two Courses, each of two weeks'
duration on the "Safety Aspects
in the Research Aplications of Ioniz-
ing Radiation" were also organised.

Sixty scientists from Defence organi-
sations, research institutes, univer-
sities, dairy/veterinary institutes and
C.S.I.R. laboratories attended the
Course.

One hundred and fifty industrial
radiographers were trained in five
short-term courses, each of eight
days' duration. The Courses were
held at Madras and Calcutta.

Specialised training in areas of gas
chromatography, MSssbauer spec-
troscopy and thermal analysis was
given to 7 scientists from other R & D
institutions and universities.

11 . PERSONNEL

The total strength of BARC, including
the VEC Project as on Feb., 1,1981
was 12,583 comprising 3,511 scien-
tific, 5,342 technical, 1,237 admini-
strative and 2,493 general mainte-
nance and auxiliary staff.

During the period from April 1980
to February 1981, 110 scientists
were deputed abroad for participation
in international conferences, symposia,
meetings etc, and for specific Govern-
ment work. Eighteen more scientific
officers are likely to be deputed
during the remaining part of the year.

During the period, 25 scientists were
deputed abroad for scientific visit/
training/study tour under the aided
schemes, and 24 scientists were
deputed under bilateral agreements.

The services of 7 scientists were
placed at the disposal of the IAEA
on foreign service as the Agency's
experts etc.

Twenty-five scientists were granted
extra-ordinary leave for post-doctoral
work abroad.

The scheme of training BARC scien-
tists and engineers in IITs/HSc.
Bangalore, under collaboration agree-
ment was continued. So far 22 scien-

tists/engineers have completed their
training and 9 are undergoing training
at present.

So far 30 Indian universities have
recognised BARC as a centre for
post-graduate studies in various dis-
ciplines. 112 scientists of this Centre
have so far been accorded the status
of university teachers by various
universities.

During the year, 28 scientists qua-
lified for the award of Ph.D. degree
and 26 scientists for M.Sc. degree.

Under the collaboration scheme bet-
ween BARC and the University of
Bombay, 33 students of the Bombay
University are presently doing re-
search work leading to M.Sc./Ph.D.
degrees. So far 22 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, one lecturer completed
research and 3 lecturers are doing
research leading to Ph.D. in the
Centre.

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

Upto the middle of February 1981.
a total of 13,470 persons, including
Heads of States, Ministers, Parlia-
mentarians, Indian and foreign dip-
lomats, Govt. officials, visiting pro-
fessors, foreign scientists, defence
personnel, members of the staff of
scientific and technical institutions
and students of schools, colleges and
universities visited the Centre.

During the year, 77 scheduled caste
and 9 scheduled tribe candidates
were recruited to various posts.
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Reactor Research
Centre, Kalpakkam

About 80 per cent of the work on
the Fast Breeder Test Reactor project
has been completed. The reactor
vessel has been fabricated indigen-
ously; the electrical systems have
been commissioned and the aircon-
ditioning and ventilation systems are
almost ready. Two sodium pumps
have been fabricated in India, ins-
trumentation and control panels are
being installed; the fuel charging
and discharging mechanisms, also
fabricated indigenously, have been
installed in the reactor building.
Sodium for the reactor has been
produced from within the country
and the rig for purifying it to reactor
quality is getting ready. This work is
based on the developmental effort
in the Centre. The turbine for the
power plant is ready for testing;
the installation of the turbo set
auxiliaries is on.

Training of operators for the FBTR
is almost over, and the trainees are
being used for commissioning of
the systems.

Among the laboratories of the Centre,
the Materials Development Labora-
tory is fully operational; the civil
and electrical works of the Radio
Metallurgy Laboratory are over, and
its airconditioning and ventilation
works are nearing completion. In the
Radiochemistry Laboratory, part of
the low level radioactive laboratories
is in operation while, in the remain-
ing part, installation of fixtures and
equipment is in progress. The sodium
chemistry laboratory is operational.

Among the new project activities
started during the year, the most
significant is the Computer Centre.
This Computer will meet the needs
of the R & D activities of the Centre,
including the demands of the
design work on a larger fast breeder
being taken up as the next stage in
the Department's plans. Equipment
for the Computer Centre is expected
by August 1981, by which date the
building for housing the computer
is expected to be ready, with all
services.

R & D Activities: In the reactor
engineering experimental programme,
apart from the operation of the
sodium loop, dummy fuel pins fabri-
cated indigenously have been tested
for endurance in flowing sodium for
more than 7500 hours, and the results
are being evaluated. Preliminary indi-

cations are encouraging. The control
rod drive mechanisms, a!so fabricated
indigenously, have been tested in
air. Testing in sodium will be done
shortly. A number of electromagnetic
flowmeters for FBTR have been
calibrated.

Ramoval «wambly of sodium pump for tha Fart Broaaor Tort Boactar at M M Maactor
RMMrch Contra at Katpakkam being raadiaJ for t—tint in wator loop.
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in the preliminary design of a 500
MWe fast breeder, studies completed
include those on the influence of
operating temperature on plant life,
steam cycle parameters, choice of
fuel handling methods, basic dimen-
sion of the pool and inner vessel
for the reactor.

In the metallurgy programme, consi-
derable data have been generated
on the mechanical, structural and
corrosion properties of materials used
in FBTR. A number of methods
of thermomechanical treatment are
being assessed for improving the
post irradiation ductility of a super
alloy, which is a good candidate
for fuel wrapper on account of its
reported resistance tc radiation swell-
ing. Tests are being carried out on
heat-treated samples from a chosen
heat of stainless steel (manufactured
by the Alloy Steel Plant, Durgapur)
for assessing suitability for fast reac-
tor application. The first phase of
evaluation of indigenously manufac-
tured welding electrodes is also
nearing completion. Other studies
include microstructure of thermome-
chanically treated stainless steel wekf-
rnents, time temperature sensitisa-
tion curves for stainless steel used
for the FBTR reactor vessel, and the
effect of carburisation on the mecha-
nical properties of stainless steel.

In the radiochemistry programme, the
techniques for analysis of sodium
samples to concentration levels of
10-iOg of impurities have been
standardised for routine use. An
electrolyte-based electrochemical
meter for monitoring oxygen in sodium
coolant has been built.

In the reprocessing engineering pro-
gramme, a three-strage centrifugal
contactor for solvent extraction has
been built and tested. Other equip-
ment developed and tested in-
clude a multiprobe pulsed vertical
contactor, a 16-stage airpulsed mixer-
settler and a critically safe centrifu-
gal decanter for filtration of slurries.
All these will find application in
fast reactor fuel reprocessing at vari-
ous stages. For feed clarification,
in addition to the pulsed sintered
filter, a centrifuge system is also
being designed. In the develop-
ment of the fuel chopper, a pneu-

matically operated system is being
studied for force requirements and
blade design.

The studies in safety relate to simu-
lation of thermal interaction between
molten fuel and liquid sodium under
accident conditions, pressure build-
up in fuel storage pots, pressures
generated during sodium water reac-
tion in steam generators and non-
destructive method of determining
moisture in concrete.

In the materials science programme,
experimental and theoretical investi-
gations of defects produced by irra-
diation, plastic deformation and quen-
ching have been made. Studies are
in progress on superconductivity and
mechanical properties of alloys of
niobium and titanium at ultra low
temperatures.

The microprocessor-based instru-
mentation systems for gas chroma-
tography, laser Raman spectrometer
and data logging for creep experi-
ments are nearing completion. An
acoustic emission monitoring sys-
tem and ultrasonic attenuation and
measurement system are under deve-
lopment The instrumentation for the
neutron source reactor is being
taken up.

The large variety of components
fabricated by the central workshops
of the Centre ranges from the shell
for the material airlock for FBTR to
small but very precisely machined
components for the research
scientists. The central water chill-
ing plant has been in regular opera-
tion subject to power cuts endorsed
from time to time.

The Centre had on its rolls on
December 31, 1980, 369 scientific,
548 technical, 97 administrative, 14
auxiliary, 373 work charged staff,
and 43 trainees for FBTR. A senior
engineer of the Centre represented
the country in the International
Working Group on Fast Reactors
for the first time, in recognition of
the advance made by this country
in the fast reactor programme. Three
senior officers were deputed to the
USA and France for participation in
international conferences/discussions
relating to the large computer being

procured for this Centre. One en-
gineer went to the USA under the
Fellowship Scheme of the IAEA
Technical Assistance Programme. On»
scientist went to the USA for attend-
ing the Inter-regional Training Course
on Nuclear Material Accountability.
Three senior officers went to the
USSR as part of a delegation of the
Department.

One scientific officer is doing post-
graduate studies in the Indian
Institute of Technology, Madras.

Tata Institute of Funda-
mental Research

The Institute's activities cover fun-
damental research in mathematics,
physics, astronomy, molecular bio-
logy; applied research in solid state
electronics, microwave engineering
and computer sciences. Radio Astro-
nomy, Software Development and
Computing Techniques, Microwave
products; operation of the National
Balloon Facility and courses, of
lectures in special topics.

School of Mathematics

Research was carried out in fields
such as Classical and Functional
Analysis, Differential Equations, Func-
tion Theory, Differential Geometry,
Algebra, Analytic and Algebraic Num-
ber Theory, Lie Groups and Lie
Algebras, Algebraic Geometry, Topo-
logy, and Combinatorics. Over 40
papers were written on these topics
and more than 14 courses of lec-
tures and seminars were conducted
by members of the School and emi-
nent visiting mathematicians, from
USA, Switzerland, Netherlands and
Japan.

A volume of Lecture Notes entitled
'On equations difining space cur-
ves' by L. Szpiro was published
during the year.

Under the T.I.F.R.—Institute of
Science, Bangalore, Programme in
Applications of Mathematics, distin-
guished mathematicians from the
USA, Fiance and Australia visited
the T.I.F.R. Centre, Bangalore, and
gave courses of lectures.
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Members of the School of Mathe-
matics also gave courses of lectures
at Bangalore.

Numerical methods involving finite
element techniques and Homogeni-
zation and Nonlinear problems in
Partial differential equations con-
tinue to be the principal areas of
research activity at the Centre.
Groups interested in optimal control
and stochastic processes are also
evolving.

The following Lecture Notes were
published: (1) Diffusion problems
and Partial Differential Equations by
S.R.S. Varadhan (Notes by P. L.
MuthuramalingamandTara R.Nanda).
(2) Numerical Methods for Nonli-
near Variational Problems by Ft.
Glowinski (Notes by G. Vijaya-
sundaram and Adimurthi). (3) Topics
in Finite Element Solution of
Elliptic Problems by B. Mercier
(Notes by G. Vijayasundaram).

School of Physics

A. THEORETICAL PHYSICS, Theo-
retical High Energy Physics: Work
was done on the Ahranov-Bohm
effect lump solutions of Schrodinger
equations. Rotating Harmonic Oscilla-
tor, properties of the Green's func-
tions, and quantisation for energy
of a particle in a radial potential.

Photon-photon cross-section and
models with mixing effects were
studied, as also bounds on scatter-
ing amplitudes.

Monte-Carlo calculations for large
pT reactions were carried out. Baryon
magnetic moments were calculated
in a quark model. One-pion-ex-
change mechanism and the effect
of the sea of quark-antiquark pairs
were considered for massive di-muon
production.

Investigations were carried out on
neutrino mixing parameters, consis-
tency of various renormalization sche-
mes for non-abelian gauge theories,
dynamics in model field theories,
QCD in two dimensions, string sys-
tems, other continuum dynamical
systems, and anomalous angular
momentum proportional to net colour
in a Yang-Mills theory.

Nuclear Theory Group; In many
physical problems one needs to
know the probability density func-
tion for various quantities of interest
when the dimension of the matrix
is large. An expansion techa sue
which uses Bessel functions is
given to obtain the probability den-
sity function of the «ingle eigen value.

In the study of angular distributions
and other similar kind of problems,
some of the traces of various products
of angular momentum operators can
be worked out in closed form while
for others one can obtain recursive
relations. In the present work using
contour integration the method of
obtaining approximate closed form
expressions for the traces for which
exact closed form expressions are
difficult to work out has been shown.
The composition and equation of
state of an equilibrium mixture of
non-interacting baryons, pions and
leptons for two values of the entropy
per baryon have been computed.
This is useful in supernova physics.

In the mean field approximation, a
relativistic field theory that posse-
sses a pion condensate solution and
reproduces the correct saturation
energy, density and compressibility
of nuclear matter, has been formu-
lated and solved self-consistently.

Our interest in theoretical solid state
physics and statistical mechanics
have been in the quantum fluids He*
and He4, disordered systems, mag-
netism and phase transitions.

The effect of order parameter fluc-
tuations on the specific heat of nor-
mal liquid He* has been evaluated
exactly. The spin diffusion constant
in normal He* has been calculated
and compared with experiment. A
non-linear equation for density fluc-
tuations in a two-dimensional He*
film at low temperatures, was derived
and soliton solutions obtained.
Monte-Carlo simulation was used
to determine the critical properties
of a directed percolation problem.
Also, a heuristic argument was
given for why the critical exponent
-cis negative in percolation. A model
of spin glasses was solved exactly
for the critical exponents.

The research activities of the Theo-
retical Astrophysics Group are
spread over a number of areas in-
cluding cosmology and space-time
singularities, physics and astrophy-
sics of condensed objects, advanced
stages of stellar evolution and nu-
cleo synthesis in stars, solar physic*,
ultraviolet astronomy and molecular
and cometary physics.

The linear stability theory is being
applied to the fluid mechanical equa-
tions governing the motions in the
solar envelope. The large-scale struc-
ture of space-time is being used to
set bounds on the matter in the uni-
verse. The equation of state for hot
dense matter composed of free bar-
yons, hyperons, leptons and pho-
tons IS CSRSuuCtSd.

An alternative origin of the cosmic
microwave background has been
propounded. The basic physics of
the Early Universe has been recon-
sidered in the light of causality
based arguments.

Nucleosynthesis in the late stages
of stellar evolution is being studied
and a detailed evolutionary study of
a sixteen solar mass star has been
completed. The ultraviolet spectra of
a large number of stars in the wave-
length range 1150-3000 I taken
with the IUE satellite are being
studied. CO molecule around hot
stars has been discovered. A corre-
lation has been found between ele-
mental abundance enhancement in
cosmic rays with depletion in inter-
stellar medium.

A proposal has been sent for obser-
ving Comet Kalley in 1986 using
satellites.

B. EXPERIMENTAL PHYSICS in
the area of Experimental High Energy
Physics, the inclusive production of
gammas in antiproton proton inter-
actions ha» been studied using two
bubble chamber exposures at inci-
dent momenta of 0.76 GeV/c
and 2 .0 GeV/c. A similar study at
a higher incident momentum of
anti-proton is underway. Such stu-
dies yield valuable information on
the production of neutral pions and
other sources of gammas. Experi-
ments to study interactions of fcaons
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with nucleons in the region of
100 GeV are also in progress. The
group is also carrying out research
using nuclear emulsions for the
production of charm particles in
collaboration with Universities of
Delhi, Chandigarh and Jammu. The
production cross-section for these
new particles is found to be about
60 microbarns.

Activities of the High Energy Cosmic
Ray group are mainly concentrated
in their Kolar Gold Fields (KGF)
and Ooty laboratories.

A new detector to investigate decay
of nucleons was built during March-
October 1980 in KGF at a depth
of 2300 metres to scan nucleon
life-times unto about 10" years in
one year of operation. The low back-
ground due to the greatest depth
at which this is installed would pro-
vide unambiguous identification of
nuclear decay events as compared
with other experiments around the
world.

The search for new, massive, long-
lived particles has been continued
with a large detector at a depth of
1100m in the KGF.

A new air shower experiment has
been planned at KGF.

Using detailed Monte-Carlo simula-
tions, it has been demonstrated that
two (perhaps three) of the five Cen-
tauro events, and all the Mini-Cen-
tauro events, can be understood in
terms of conventional physics, thus
obviating the necessity of invoking
new types of interactions.

At the Ooty laboratory, studies of
pulsed emission of high energy
gamma rays from pulsars are con-
tinuing. The study of arrival time
distribution of hadrons in air showers
has been continued and has yielded '
interesting results.

Cosmic Ray and Solar Physics:
Having tested the engineering model -
of the cosmic ray experiment, to
be deployed aboard the space shuttle
spacelab mission, the fabrication of
the flight model is being planned.

Large flare events in the sun are
studied for abundance measurements.

The proposed theoretical model has
several advantages over other sugges-
tions. The evolution of the rem-
nants of supernovae is being exa-
mined. Observation* of two plane-
tary nebulae and a gamma-ray
source with the Einstein X-ray obser-
vatory have been made and the ana-
lysis is under progress. A binary
neutron star model with high mag-
netic fields is proposed for the origin
of gamma ray bursts. A modified

closed Galaxy model has been pro-
posed in view of production spectra
of antipartides.

X-ray and gamma ray astronomy.'
Large xenon detectors for the study
of discrete X-ray sources are being
fabricated and tested. The first
balloon flight of the new payioad
is planned in the summer of
1981. A new payioad is being
fabricated for a new rocket expert-

Three-axes-stabilized balloon-borne Far Infrared Telescope built by tha TIFR. This in-
digenously built equipment is on» of th» largest baHoon-borm tolaacopai in th» werM.
It will *tudy calestial sources at an altitutde of 3t km. Carried «loft by m giant hydrogen
filled balloon, it enables space research at a moderate cost.
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merit to be launched on India's
own rocket RH-560. Data obtained
from X-ray sky monitor on board
'Bhaskara' were analysed. Two bal-
loon flights were made during April-
May 1980, under an Indo-ltalian
collaboration, to study X-ray sources.
X-ray studies under Indo-Japanese
and TIFR-University of Calgary colla-
boration are progressing well. Low
background, large area X-ray teles-
cope was flown successfully from
TIFR's National Balloon Facility,
Hyderabad, Good exposures were
obtained.

Under an Indo-Soviet collaborative
programme a new low mass Gamma
Ray telescope was flown for the
study of gamma rays from galactic
anti-center.

Infrared Astronomy: The Mark II
Infrared Telescope, the heaviest bal-
loon payload and most sophisticated
one ever launched from our Balloon
Facility at Hyderabad, was launched
on the night of 10th December 1980.
IR signals from Jupiter, Saturn and
Orion-A were observed; a mole-
cular cloud S187 was looked at.
Also, various subsytems of the teles-
cope, under different conditions were
checked for their design performance.

A photometer incorporating a Pbs
detector was fabricated for near
infrared observations, using a ground
based telescope and the performance
was fully tested using 48" telescope
at Rangapur.

Radio Astronomy: The major re-
search interests of the group con-
tinue to be in galactic and extraga-
lactic astronomy using the Ooty
radio telescope and part of the Ooty
synthesis radio telescope.

Lunar occupation observations of
about 1500 radio sources have been
made and these data have been
used in a number of investigations
concerning models of extragalactic
radio sources and observational cos-
mology. A major observation was
made on the totally eclipsed sun on
February 16, 1980.

A study of interplanetary scintilla-
tion has shown that there seems to
be no new class of scintillating galac-

tic sources (Scintars), existence of
which has been suggested earlier
in the literature.

Work on the 4-km Ooty Synthesis
Radio Telescope (OSRT) is nearing
completion.

A test unit (3m x 12m) of a fixed
mirror solar concentrator is under
erection and would be performance-
tested during January-May. 1981.
The indications are that the design
is cost-effective for solar thermal
power generation, as well as for
industrial process heat applications
up to 300°C.

The Nuclear Spectroscope group is
involved in three types of activities:
(a) experiments at the 400 kV ion
accelerator; (b) condensed matter
physics; and (c) properties of mate-
rials at very low temperatures.

Nuclear Reactions: An experiment
to measure charge non-conserva-
tion decay of a nucleon is in progress.
Hyperfine structure studies in some
cubic Laves (C18) compounds have
been carried out. EFG measure-
ment, as well as hyperfine studies
of several Hf compounds are in
progress. Preparations for the pro-
posed programme at VEC have conti-
nued. A medium power electron
gun of Pierce type has been built
and is being used to test the bent
crystal spectrometer. A parallel plate
avalanche counter for detecting heavy
ions is under construction.

Solid State Physics: A versatile
ultrasonic equipment is being used
for measuring very small changes
in sound velocity due to different
phenomena like magneto-elastic effect,
dislocation effect etc. Energy gap
measurements in Pb and phase transi-
tion studies in two and three dimen-
sional systems are in progress.

Nuclear magnetic resonance tech-
nique has been used in conjunction
with a variety of techniques, for
studies on rare earth intermetallic
compounds. Effects of external elec-
tric field on Mössbauer spectra have
been investigated. In the rock mag-
netism group a. c. susceptibility
measurements have been carried out
on synthetic titanomagnetites and

these show cusps resembling those
of the spin glasses.

Biophysics Research: The structure
and functional aspects of enzymes,
brain hexokinase are being investi-
gated.

Chemical Physics: The main areas
of research continue to be mole-
cular biophysics, structures of mole-
cule in the gaseous state, structural
and electronic properties of inorganic
materials, energy transfer mechani-
sms, especially related to the pheno-
menon of etectrochemilurniniscence
and in the area of rapid chemical
reactions and transient species. In
1981-82. it is proposed to intensify
research in the study of chemical
dynamics down to nanosecond time
domain. A project CR biochemical
fuel cells has been initiated, under
Department of Science and Techno-
logy.

In Molecular Biology, work on the
chemistry of brain hexokinase type
I, has led to the identification of an
essential thiol at the active she of
this enzyme and the isolation of its
active she peptide. Experiments
carried out in association with the
solid state physics group have shown
that a high affinity divalent cation
binding site, hitherto unidentified,
exists on the enzyme. Glucose and
glucose 6-phosphate bind to the
enzyme in different modes and do
not display any anomeric specificity
in their binding behaviour. Studies
of various tissues at larval and adult
stages of Drosophila melanogaster.
have been made. Topographical dis-
tribution of proteins on synaptoso-
mal membranes has been studied.
Oligorneric structure of the functio-
nally active form of an important
neural membrane enzyme, acetyl-
cholinesterase, in its native environ-
ment, has also been established.

In Low Temperature Physics, investi-
gations have been continued in the
area of non-equilibrium superconduc-
tivity and destruction of superconduc-
tivity under special circumstances.
Investigations on the phase transi- .
tions of thermotropte liquid crystals
are also being carried out.

Speech and Digital Systems: In
Speech Research, prtch-synchron-



ous analysis of voiced speech, a
new algorithm for pitch extraction
and an exhaustive series of percep-
tion experiments have been per-
formed.

In the area of digital systems, the
3-D Scanning Attachment for Wea-
ther Radar, designed for MONEX
was installed at the Cyclone Warn-
ing Radar Centre at Madras. A De-
sign Automation project was started
in which the computer becomes a
"friendly" design partner in the de-
sign of digital modules and in draw-
ing schematic diagrams of logic
circuits.

Solid State Electronics: The group's
activities were continued in the areas
cf semiconductor device physics and
technology, device modelling in re-
ference to Large Scale Integrated
(LSI) circuits, studies on Group
Ill-V compounds and amorphous
silicon. An inhouse development of
an ion implanting system for rea-
lising controlled gate threshold and
doping for LSI, and also an auto-
mated computer-based measurement
system for measuring electrical para-
meters in process steps and device
were undertaken.

For developing the state-of-the-art
technologies in the area of large
scale integrated circuits, high quality
polysilicon layers and doped oxides
of required specifications were suc-
cessfully grown and characterised.

Interactive Graphic System (IGSYS)
has been successfully used to design
a 4K-bit RAM (Random Access
Memory). This achievement will faci-
litate ushering in the development of
intricate LSI technologies for the
country. In the area of GaAs, traps
and interface states have been
investigated.

Properties of amorphous silicon film
prepared by glow discharge technique
had been studied in detail. Achiev-
ing a stable film with controllable
properties has far reaching techno-
logical implications for solar cell
development.

Hydrology: A search for a corre-
lation between the variation in the
radon content in the maritime air-

mass and the monsoon activity is
underway. With a view to explor-
ing the utility of radon as a precursor
in earthquake prediction, gases from
hot springs are monitored. Ground
water samples are studied from the
point the of view of oil exploration.

Mkrowav» Engin—ringlSMPU: R &
D activity in hybrid integrated cir-
cuits has resulted in (a) 100-400
MHz ultra broad band 10 Watt,
VHF/UHF amplifier and (b) broad
band AGC module (3-300 MHz)
with 30 db dynamic range.

In collaboration with SAC-ISRO,
entry has been made in the areas of
(a) satellite communication antenna
feed systems and components (b)
antenna systems and subsystems for
microwave Remote Sensing. A 6.1 m.
satellite communication antenna and
feed system are under fabrication.

Radio Theodolites supplied to IMD
have provided satisfactory service
throughout the last one and half
years, proving the professional quality
of the product made by SMPU.
The 3D Scanning Weather Radar
attachment developed in collabora-
tion with the Digital Systems Group
of the Institute, was commissioned
leading to rainfall precipitation maps.
This is the first equipment of its
kind in India. Progress has been
achieved in design and fabrication
of electron beam devices and parti-
cle accelerator system in general.
High power PIN diodes are being
successfully put to use in Phased
Array applications.

Studies were made and new pro-
posals were prepared against spe-
cific requests for flood control fore-
casting system, MST Radar and spe-
cial purpose radar transmitters. Deve-
lopment work has been started for
Microwave Beacons in light houses.

Facilities under Linear Accelerator,
Co. source. X-rays and Electron
Microscopy are being regularly used
for research purposes by TIFR and
other organisations.

During the period, 11 flights with
balloons, ranging in volume from
131,517 cu.m. to 173,148 cu.m.
and with payloads weighing bet-

ween 335 kg. to 1261 kg.—the
largest and heaviest launched so
far, were successfully conducted from
TIFR's Balloon Facility at Hyderabad.

Laboratory tests on the indigenously
developed natural coloured polye-
thylene film have shown that it is
comparable with the imported 'Win-
zen Stratofilm'— the best known
balloon film in the world today,
and two test flights are planned this
summer by making 113,000 cu.
m. balloons with a payload capa-
bility of 660 kg. out of this material.

This year the Low Temperature Faci-
lity has produced about 70.000 litres
of liquid nitrogen up to 15th Decem-
ber, 1980. The new helium liquifier
has been installed. With the commi-
ssioning of this unit the facility
plans to handle about 400 litres of
liquid helium every month.

Hot Laboratory: Radiochemical se-
parations of carrier-free 1Ufflln
from l uSn with least cross-con-
tamination were done meticulously
for the Nuclear Reaction Group.
Electroplating of m H f on various
alloys were done. The self-adducts
of zinc and nickel-8-quinolinates were
isolated. The study of absorption
and desorption of hydrogen into
thin nickel foils using electrolysis
is in progress. The neutron attenua-
tion experiments with large absor-
ber thicknesses were carried out
The fission tracks obtained were
developed by chemical etching
techniques.

Computer Center: During the year,
the CDC 3600 system was opera-
tional for 24 hrs. on most working
days. To meet the growing comput-
ing requirements, it has been deci-
ded to acquire CDC's Cyber 730
dual system as the main computer,
and one VAX-11 /780 and two Prime-
450s as RJE's. One of the Prime
450 computer will be stationed at
TIFR's centre at Bangalore.

Important Events

TIFR's Cosmic Ray Laboratory at
Ootacamund celebrated its Silver
Jubilee recently. The Laboratory has
contributed stgnmcanny in the field
of High Energy Cosmic Rays. In
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terms of numbers, 54 research papers
have been published, 7 Ph.D. and
2 M. Sc. theses submitted—all based
on the work carried out at the Labo-
ratory. This laboratory is well-known
internationally for some of its tech-
nical contributions as well. A new
method of measuring the energies
of hadrons, a technique to deter-
mine the speed limits of some of
the particles, were perfected here.
The world's biggest Cloud Chamber
has been in operation over the past
several years at the laboratory. Cur-
rently, trie world's largest high energy
Gamma Ray Astronomy telescope is
in operation.

A notable event during the year
which may turn out to be a histori-
cally memorable one was the orga-
nisation of an internationai Work-
shop at Ooty under the auspices
of the Radio Astronomy Centre to
discuss a highly futuristic and novel
proposal of TIFR for the construction
of a Giant Equatorial Radio Tele-
scope (GERT), as a collaborative
venture between various developing
countries.

Awards. Prof. R. Sridharan was
awarded the Shanti Swarup Bhat-
nagar Award for Mathematics for
1980. Prof. K. Ramachandra was
awarded the Hari Om Ashram Trust's
the Meghnad Saha Award for Re-
search in Theoretical Sciences for
1976. Prof. R. Narasimhan was
awarded the Hari Om Ashram Trust's
Homi Bhabha Award for Research
in Applied Sciences, 1976. Dr. R.
Balasubramanian, Shri M. V. Nori
and Dr. Mustansir Barrna were awar-
ded the Indian National Science
Academy Medals for Young Scien-
tists for 1980. Essays by Dr. P. S.
Joshi and Shri T. Padmanabhan were
selected for Honourable Mention in
the 1980 Gravity Research Foun-
dation (USA) award. Prof. Yash
Pal was awarded the Marconi Inter-
national Fellowship for contributions
to advances in communication
science and technology for deve-
lopment.

Publications: The members of the
Institute have published about 360
papers in professional journals, pro-
ceedings of international conferences
and all India symposia during the

.year. 9 books have been authored.
The Institute has published 4 lecture
notes in mathematics.

Seminars and Conferences:

(1) Summer Programme for NSTS
Scholars: A* in previous y * m the
Summer Programme for postgraduate
NSTS scholars w » I M M « «w
Institute from May 12 to June, 10.
(2) A Summer Workshop on
"Nucleosynthesis" W M oiganiaad at
the Institute from May I t to May
24, 1980. (3) An Intemetionel Syw-
posium on "Machine Recognwon,
Analysis, Synthesis and Understand-
ing of Speech" was hsM at the
Institute from Jury 23 to July 26,
1980. (4) An International Confer-
ence on "Theoretical Biochemistry
and Biophysics" was hsM at Fort
Aguada Beach Resort Goa (India)
from December 3 to 9, 1980. (5)
A Winter School on Theoretical High
Energy Physics was held at DAE
Guest House, Kalpakkam (TamH
Nadu) from January 1 to 14, 1961.
(6) A Training Course on "Meuro-
biology" was held at Panjim, Goa
(India) from January 5 to 21 , 1981.
(7) Summer School on "Diffreren-
tiable Manifolds" was held at Mysore
University from May 16 to 20, 1980.

Saha Institute of
Nuclear Physics

Theoretical studies on shell model
states in continuum, and on deeply
bound hole states yielded new results
on the shell structure of super-
heavy elements; some hitherto un-
known regions of super-heavy ele-
ments were predicted.

The possible . e of solitary waves
in energy transfer and transductton
in biological systems was studied.
Attempts were made to relate the
excitation of nervo membranes to an
electric field-induced phase transi-
tion involving the lipo-protein com-
plex. The propagation and stability
of the fast and slow pulse along a
nerve axon, and interaction of stow
pulses in parallel neutrons was
studied.

The external deflector system for
selecting single or multiple bunches
was fabricated and installed in one
of the beam ports of the cyclotron.
The testing of the system would be
undertaken in the near future. A
time-to-amplituda converter for mea-
suring life-times in Hie microsecond
region was fabricated 9fto tested.

Design studie» for a linear induction
accelerator was taken up. Baaed on
w M M MUCHQS flnQ pfWOTIHItwy WSV*
rabftcstion of 41 prototype MCMMI
capable of producing 30 KV/meter
was taken up wMi indigenously
manufactured fsrrite cores.

A new technique was developed for
precision monitoring of the separa-
tion between target and stopper.
The best distance resolution obtained
by the technique was 10-* cm.

In the programme for modification
of the neutron generator, fabrica-
tion of the accelerating column
and vacuum manifold was completed.
Fabrication of a prototype 250 KV/10
MA high voltage unit is in progress.
The design for the final unit for a
60 KVA thyristor-controlled static
inverter unit was completed.

The performance of various compo-
nents of the isotope separator set up
in the Salt Lake campus was tested.
Some characteristics of the exist-
ing Bemas-type magnetic oscilla-
tion ion source were studied.

The quadrupole mass filter has been
used for measuring the yield of Cu-3-,
Cu,+ from copper arid Mo+ from
molybdenum surfaces under Zn+
and Cd+ bombardment in the energy
range 3-10 keV. Observation of the
broad maximum in all the ion energy
versus secondary ion intensity curves
suggests the action of two compet-
ing processes: the ion yield proba-
bility increases with increasing ion
energy and the mean free path in-
creases with decreasing interaction
time, producing a lower yield.

In radiochemistry, development of
simple radio-chemical separation
procedures constituted a major topic
of interest Zirconium phosphate and
zirconium arsenal» were found to
be very useful as inorganic km ex-
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changers; they have been fruitfully
applied in bringing out a clean separa-
tion of pairs of radio nuclides. Deve-
lopment of a separation method in
the case of typical element pairs,
e.g. Zr-Hf and Nb-Ta is very diffi-
cult because of their close chemical
relationships. A very simple but effi-
cient method was, however, deve-
loped in such SY*i«m* by using
liquid exchangers like HDEHP. The
mechanism of extraction was also
ascertained by studying the kine-
tics of interfacial mass transfer. A
simple reversed phase chromato-
graphic method was developed for
the separation of rare earths.

A simple method was developed for
the separation of tantalum from nio-
bium and its subsequent determina-
tion by neutron activation analysis
so that tantalum can be probed
easily in rock phosphate samples
which are available in plenty in
the district of Purulia in West Bengal.

In radiation and photo-chemistry,
graft co-polymerization from binary
systems induced by gamma radia-
tion was studied. Factors affecting
the relative extents of grafting of
the two monomers were found out.
Effects of metal ions on the radio-
lysis of a biologically important
molecule, such as uracil in acqueous
solution were studied, and interesting
sensitizing effects of metal ions were
observed. In the reaction of hydroxyl
radical with metal complexes, it
was found that the radical does not
only react with the metal centre in
simple metal complexes but can
also attack the ligend site, result-
ing in hydrogen abstraction and the
subsequent formation of a metal
coordinated radical species.

In the Solid State & Molecular Phy- ~
sics Division, the environment effects
on the electron density of states in
narrow band alloys were calculated.
The density of states of narrow band
solids were studied with a view to
calculating the dynamical electrical
conductivity, cohesive energy and
magnetisation. Magnetisation of fer-
romagnets and antiferromagnets were
also calculated using.the correlated
Effective Field Theory. The Debye
temperatures of several crystal sys-
tems were calculated.

Also, the diamagnetic susceptibility
in hydrogen, methane and water
molecules were calculated using a
guage-variation method. The micro-
wave spectrum of Ailyl alcohol,
3 Fluropheno, (D) and 2-Fluoro-
pheny isothiocyanate were recorded
and analysed.

Crystallography studies wtre made
on a good number of drug molecules.
The structures of a few of these were
solved; solution of others are well
underway. Structural studies on
some important substituted amino
acids, biologically important deriva-
tives of nucleic acids and their com-
plexes, as well as some alkaloids
were continued. These studies would
lead to a direct correlation of the
structural features of a particular
group of drugs or compounds with
their biological functions. In ultra-
structural studies, the organizational
characteristics of the collagenous
fibres in the organic matrix of fish
scales were investigated using scann-
ing electron microscope. From elec-
tron microscopic studies, the dimen-
sions of cucurbit* Moschata virus
particle isolated from infected pump-
kin leaves were estimated. In phy-
sical biochemistry, studies on the
physico-chemical and aggregational
properties of collagen, the impor-
tant eye lens proteins were continued.
In quantum biological and confor-
mational studies, different confor-
mational aspects and electronic pro-
perties of a few GABA inhibitors
were determined. In radiation bio-
logy, the effects of several toxic
substances in trace amounts on
paramecium, the unicellular organism
and on its adaptability are being
studied with a view to suggesting
some effective means of control.

To study the mechanism of action
of the membrane-active antibiotic
polymyxin B, the phospholipid com-
position of three different strains of
Vibrio cholerae was determined by
quantitative two dimensional thin
layer chromatography. The analysis
revealed the requirement of a thres-
hold amount of phosphatkiyl etha-
nolamine for the expression of poly-
myxin action on the system concerned.

Post-irradiation incubation with caf-
feine potentiates UV damages at

low dose whereas the same treat-
ment protects the cells from UV
damages at high dose. A model
based on suppression of post-repli-
cation repair by caffeine, and induc-
tion of 'SOS' like repair was put for-
ward to explain the dual role of
caffeine.

Nuclear instruments, which were
developed at the Institute during the
year include a high performance 760
comparator-based pulse shaper yield-
ing a time resolution of 11 ns with
Ge(li) detector. Various electronic
circuits like low-noise pre-amplifiers,
H. T. stabilised units, angle sensors,
beam current integrators, active filter
amplifiers and a 28 K Gauss magnet
for PAL studies.

An apparatus for atomic and mole-
cular level .lifetime measurement is
expected to be completed by the
end of the year.

A Mössbauer spectrum recorder was
completed and used in recording the
Mössbauer spectrum in MSIOK spec-
trometer of the Institute.

The problem of viscosity coefficient
of plasma was studied and an order
of magnitude calculation was made
for the coefficients of viscosity.

The propagation of ion acoustic
soliton in a plasma with two elec-
tron temperature and two ion com-
ponent was studied theoretically.
The conditions for the existence of
soliton were derived and examined
in detail.

In plasma diagnostic study, the con-
tinuation of the theoretical investi-
gations on the propagation of cyclo-
tron wave and intermediate frequency
(electromagnetic) wave in a bounded
magnetoplasma was carried out A
detailed analysis of the dispersion
characteristics of various interme-
diate frequency modes by dynamic
method revealed a number of novel
features not obtainable by quasi-
static approximation.

A new automatic method, using
analog storage device was deve-
loped for the determination and
storage of variable space potential.
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Experimental investigations of ioni-
zation waves in a glow discharge
were undertaken. A technique for
detecting electron temperature oscil-
lations was developed and success-
fully applied.

A hot plasma ion source was cons-
tructed by involving a narrow penn-
ing region with hot cathode built on
"hollowcathode" principle. The elec-
tron beam assembly has been made
operational and an electron beam
of magnitude of 70 mA has been on
a target 10" away by using 4KV
positive potential with a flouting
electrode. The plan is to draw a
200mA beam with suitable target
system.

The 750mm diameter scattering
chamber, which was fabricated to
work with the external beam of the
Variable Energy Cyclotron, was
installed in the zero degree port.

Tata Memorial Centre

Tata Memorial Hospital

The number of new patients in the
hospital in 1980 was 19,022, which
is almost 5 per cent more than in
the previous year. The bed strength
at the hospital was increased from
234 in 1979 to 302—a 25 per cent
increase—in the current year. Indoor
admissions (7210) were up by 21
per cent over the previous year's,
and the number of operations per-
formed (12,779) were 16 per cent
more than in 1979.

A new inpatient facility of the Clini-
cal Research Ward was commis-
sioned during the year. New treat-
ment programmes of an investiga-
tive nature are now undertaken.
Immunologie and nutritional aspects
of cancer are now increasingly stu-
died to see if these avenues give
further lead in cancer control or
restraint. The micro-surgery ward,
the radiotherapy ward, urology ward
and nutrition ward became fully
operational, and the semi-private
ward strength was increased during
the year.

The 10 MeV Linear Accelerator star-
ted functioning during the year in
the radiotherapy department. For

more accurate diagnosis, a Real
Time Ultrasound Scanner, and a
Compound Ultrasound Scanner have
been commissioned. These additions
to the beds and equipment have
strengthened the therapeutic and
diagnostic capabilities of the Hos-
pital.

The Hospital continued to take part
in the Inter-comparison Dosimetry
Programme conducted by WHO/
IAEA, and the Division of Radiolo-
gical Protection, BARC. Candidates
undergoing one year Hospital Physics
Course conducted by the Division
of Radiological Protection, BARC,
received their practical training at the
Hospital.

Multi-disciplinary approaches in
therapy have been given intensive
trials in treating several forms of
cancer. The availability of a large
number of anti-cancer drugs has
increased the chances of prolonged
control, cure and palliation. Currently,
several clinical trials are going on
to identify the best combination
therapy.

Cancer of the base of the tongue is a
major cancer occurring in this part
of the world and a special rando-
mised clinical trial using radiation
and chemotherapy has been ini-
tiated. The objective is to define
optimal treatment for base tongue
cancer. Another ongoing clinical trial
relates to determination of the role
of adjuvant chemotherapy, includ-
ing the use of Tamoxifen, an anti-
oestrogen, in breast cancer.

There have been several attempts to
study the prognostic factors and
tumour markers. In collaboration with
the Division of Biochemistry and
Food Technology, of BARC, the role
of Urinary Hydroxymethylpterin levels
as tumour response markers to the-
rapy in acute leukaemias has been
studied. The pterin values, which
are raised at the time of diagnosis,
attain normal level when the
patients respond to induction ther-
apy. Another ongoing investigation
(in collaboration with the Bioche-
mistry and Food Technology Divi-
sion of BARC) is on leukaemic cell
kinetics using flow, cyto-flourimetry.
The preliminary results indicate that

we can monitor the responders and
non-responders using this technique.

The End-results study under the aus-
picious of WHO is continuing. Epi-
demiological studies and survival
analysis after treatment in cancer
of the Breast Cervix, Leukaemia
and Lymphomas have been under-
taken in order to identify high risk
groups and prognostic factors.

Several hospital staff members are
regularly involved in academic teach-
ing, being Post-Graduate Teachers
in Surgery, Radiology, Pathology and
other bio-medical disciplines. Sixty
Post-Graduates are undergoing train-
ing in various departments.

The Hospital hosted a 4-day mid-
term surgical oncology sectional con-
ference of the Association of Sur-
geons of India, where 225 delegates
registered. A one-day Seminar on
Gynaecologie Cancers was held along-
with the KEM Hospital. A Rural
Satellite facility of the Tata Memorial
Centre is being set up in the Barsi
region of Solapur district, Mahara-
shtra.

Cancer Research Institute

A prospective study of 'blue collar'
and 'white collar' workers has de-
monstrated that cancers of the upper
alimentary and respiratory tracts are
more prevalent in the 'blue collar'
workers. Analysis of life styles of
these two groups, including the
tobacco habits is on.

The toxic ingredients in bidi smoke
are tar and nicotine. Studies have
been undertaken to develop methods
whereby the toxicity levels of these
chemicals in bidi smoke can be
reduced. Filters made of cotton
sliver (5mm length and 10mg.
yvt) have given promising results
in reducing the toxicity levels in
bidi smoke.

Studies are on to correlate the HLA
pattern and the distribution of cancer
in two communities of Maharashtra.
Studies on hormone receptors as
prognostic markers are continuing.

Analytical studies on tobacco used
for chewing have shown that i t
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contains traces of nitrosamines, which
are well-known carcinogens. Nitro-
samines have also been detected
in the saliva of habitual tobacco
chewers but not in non-chewers.
This finding may have relation to
the high frequency of oral cancer
patients found among tobacco che-
wers. Studies on the carcinogenic
action of Isoniazid (an antituber-
cular drug) are continuing with
the cooperation of two hospitals
in Bombay, and the Military Hos-
pital in Pune. The percentage of
slow inactivators is found to be
less in the military hospital compared
to that observed in the civilian hos-
pitals.

Immuno-reactivity to cancer-related
antigens in haemotological malignan-
cies is being studied using immuno-
logical techniques. Dormant leukae-
mic cells have been identified in the
bone marrow of patients who are
clinically symptom-free. Laboratory

studies have succeeded in inducing
differentiation in cytotoxic lympho-
cytes capable of killing target leu-
kaemic cells "in vitro" conditions.

The radiosensitivity of tumour cells
treated with zolandine (Phenylbeta-
zone) have been studied and found
to enhance the susceptibility of cells
to radiation.

Screening of plants, marine animal
products and synthetic chemicals
for anti-cancer activity is a routine
activity of the Institute. Studies are
going on to understand the mecha-
nism of drug resistance observed in
patients when chemotherapy is used.

A vaccine against leprosy, prepared
from the ICRC bacilli, has been
tried on 48 Lepromin negative pati-
ents with encouraging results. The
studies are progressing.

In November 1980, the Institute

hosted, in collaboration with the
Indian National Science Academy
and the Department of Atomic
Energy, a (i) 3-week ICRO (UNE-
SCO) International Training Course
on "Use of Tissue Culture for In-
vestigations in Human Cancer" and
(ii) an International Symposium on
"Normal and Abnormal Growth and
Differentiation." Fourteen trainees
were admitted to the course on a
global basis. Seven of them came
from abroad. The Symposium was
attended by a large number of over-
seas and Indian bio-medical scien-
tists. A 3-week National Course
on "Tumour Immunology" was con-
ducted in January-February, 1981.
Eleven trainees selected on an all-
India basis participated in the course.
A one-day National Symposium on
"Investigative Aspects of Cervical
Cancer" was held on 13th February
1981, in collaboration with the
Indian Association for Cancer
Research.
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PUBLIC SECTOR
UNDERTAKINGS

Indian Rare Earths Ltd.

The Company maintained its record
of good performance during 1979-
80. It hopes to attain, in the current
year, a sales target of the order of
Rs. 1100 lakhs as against Rs. 1033
lakhs last year. The export earnings
are also expected to register a growth
from Rs. 543 lakhs to Rs. 550 lakhs
in the current year.

The Company has substantial orders
in hand for export of ilmenite to
Japan and West Germany. It is also
developing a market for ilmenite
in the U. K., Finland, and France.
The Company is also exploring the
possibility of entering the USSR
market for a grade of ilmenite. The
Company expects to export 1000
tonnes of zircon to Japan during the
current year, yielding a foreign
exchange earning of Rs. 6 lakhs.

With the setting up of a preconcen-
tration facility at Manavalakurichi,
monazite production shows a promi-
sing outlook during the year. Further,
due to its sustained R & D efforts,
the Rare Earths Division of the Com-
pany has been able to diversify
and produce products like Samarium,
Gadolinium, and Yttrium. These
products have been well received in
the export market. On the whole
the Company's forecast of profit
(before tax) indicates an amount
of over Rs. 2 crores.

Work on OSCOM (the Orissa Sands
Complex) is making progress, inspite
of certain constraints such as shortage
of steel and cement and delay in

fabrication of certain equipments
by some contractors.

Electronics Corporation of
India Ltd.

The Electronics Corporation of India
Ltd. has pioneered a large number
of electronic systems in India, using
wholly indigenous knowhow. It em-
ploys 6617 people in 15 product
divisions. ECIL is a highly diversi-
fied organisation and its product
mix, of over 250 products, covers a
wide range of sophisticated and pre-
cision electronic systems, instruments
and components.

Summary of operating results for the
year 1979-80:

Rs.
in lakhs

Production (inclusive of
excise duty and sales
tax) 4360.91

Income (inclusive of ex-
cise duty and sales tax) 4142.24

Profits 23.36
Net profits after prior
period adjustments . . 11.51

The company has drawn up a de-
tailed five year plan for growth in
all spheres of activity.

New products developed at ECIL
during 1979-80 include cardiac me-
mory monitor, 150 MHz oscilloscope,
portable UFD for rail tester, portable
life boat radio, feeds and measuring
horn for 30 M tropo antenna, 10
GHz feed for solar antenna, UHF
radio communication equipment,
24" video monitor, automatic video
sequential switcher, synthesised re-
ceiver, magnetic tape transport, fac-
simile transreceiver, automatic warn-
ing system and multi-terminal data
entry system.

An amount of Rs. 112.02 lakhs was
spent on research and develop-
ment in 1979-80.

The gross block as on 31st March
1980 was Rs. 2372 lakhs, represent-
ing an increase of Rs. 229 lakhs
over the previous year. Civil works
executed during 1979-80 amounted
to Rs. 14 lakhs.

Uranium Corporation of
India Ltd.

During 1979-80, the Uranium Cor-
poration of India Ltd., made a profit
of Rs. 50.40 lakhs. The total in-
come this year has gone up to
Rs. 672.41 lakhs, as against
601.69 lakhs during the previous
year. With better financial results
this year, the remaining balance of
cumulative loss has been wiped out
and an amount of Rs. 14.31 lakhs
stands as surplus at the end of the
year. There was further improve-
ment in ore production as more
working points in the mine were
brought into production during the
year. The mill operated at 85.6
per cent of the installed capacity.
The capacity utilisation would have
been higher but for power interrup-
tions/restrictions.

The targets for the Byproducts Re-
covery Plant were exceeded during
the year, notably in respect of moly-
bdenum concentrate and magnetite.
The magnetite recovery plant (com-
missioned during 1979-80), is work-
ing satisfactorily. Due to frequent
power cuts and stoppages of the
South Bank Copper Concentrator
of Hindustan Copper Ltd., which
provides feed for the Uranium Re-
covery Plant, Surda, this plant could
be operated for only about 40 per
cent of the available time. Though
the plant has been expanded to
treat all the copper tailings available
from the copper concentrator, the
benefit of expansion could not be
achieved due to erratic power supply.
The Pilot Plants set up at Rakha
and Mosaboni to conduct investi-
gations on uranium recovery from
the copper tailings have been work-
ing satisfactorily.
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OTHER
ACTIVITIES

Directorate of Purchase
£r Stores

Purchase Units: The following
details give the work-load of the
Central Purchase Unit at Bombay,
and the Regional Purchase Units
at Madras, Hyderabad, Kota, Delhi
and Calcutta for the year 1980-81:

Total number of indents . . 41450*
Total number of orders . . 46206*
Cash purchases made . . 3478*
Value of purchases made

(in lakhs of rupees) . . 8535*

("figures have been projected on
the basis of actual work-load till end
Feb. 1981)

Some of the major contracts con-
cluded by DPS during the year
under report are: (i) Medium Vol-
tage Switchgear for NAPP, costing
approx. Rs. 223.82 lakhs, (ii) Motor
Control Centres for NAPP, costing
approx. Rs. 101.99 lakhs, (iii)
Motor Generator Sets for NAPP
costing approx. Rs. 77.66 lakhs,
(iv) S. S. Tieplate Casting for NFC,
costing approx. Rs. 66.97 lakhs,
(v) Stationary Battery Banks for
NAPP, costing approx. Rs. 54.72
lakhs, (vi) Motor Unit and Drive
Mechanism Assemblies for NAPP,
costing approx. Rs. 65.49 lakhs,
(vii) Big and Small Roller Screw
and Nut Assemblies for NAPP, cost-
ing approx. Rs. 63.00 lakhs, (viii)
Hollow Extrusion Stems and Solid
Rams for NFC, costing Rs. 51.47
lakhs, (ix) High Pressure leak proof
Pump for HWP, costing approx.
Rs. 45.26 lakhs and (x) Heat
Treated Liner Blanks for NFC,
costing approx. Rs. 46.63 lakhs.

Transport and Clearance: During
1980, the Transport and Clearance
Group concluded 52 transport con-
tracts and handled a total number
of 5492 consignments received by
Air, Sea, Post Parcel, Rail and Road.

108 customs claims were realised,
amounting to Rs. 29.29 lakhs.

Stores: The construction of the first
phase of O & M Stores for MAPP
has been completed. The inflammable
stores building at RRC is being
designed.

Number of issues and receipt tran-
sactions handled by all the DPS
Stores Units during the year was
over 5.4 lakhs. Approx. 'i 1,000 MT
of steel billets, both imported
and indigenous, were received at
Trombay, and distributed to various
rerollers for rerolling and despatch
to user units.

The revenue realised from sale of
scrap and disposal of unserviceable
items/condemned vehicles during the
year is about Rs. 31 lakhs.

Foreign Suppliers: On behalf of
various units of DAE, the Technical
Liaison Mission, Paris inspected and
evaluated six factories of suppliers.
For certain critical items, quality
surveillance was carried out drectly
by the Mission.

Directorate of Estate
Management

The Directorate of Estate Manage-
ment carries out all work relating to
the maintenance and management
of lands and' buildings owned,
leased or hired by the Department of
Atomic Energy in Greater Bombay,
in addition to work connected with
allotment of premises. The Direct-
orate maintains about 4,400 hous-
ing units, including office buildings,
sector markets, dispensaries and other
public buildings, and also supplies
water and electricity received in bulk
from BMC/BSES. During the year,
no additional housing units have
been taken over by the Directorate.

Civil Engineering Division, DAE

In Bombay the Division is engaged
in the following item of work :

(i) Construction of 276 residential
flats in the Trombay Township.
Another 160 flats are to be taken
up shortly.

(ii) Extensions to the 2nd and 3rd
Primary Schools in the Township
(to be taken up shortly).

(iii) A third sewage treatment plant,
and an additional high level ground
reservior have been completed during
the year.

(iv) At Trombay village, the Stores
Shed for the Narora Atomic Power
Project was completed; Work on a
Store, and a shed for Helium and
Argon gas cylinders will be taken up
soon.

(v) Design work on a Secretariat
building at Trombay for the Heavy
Water Projects, DPS and the PPED
is on.

(iv) At the Tata Institute of Funda-
mental Research, Bombay, the Divi-
sion has completed construction work
on a hostel block of 44 flats and 20
rooms for trainees. Construction work
on another block of 70 flats is in
progress.

(vii) At the Tata Memorial Hospital,
Bombay, construction work on the
Padiology building and extension
to the out-patient department is in
an advanced stage.

(viii) Construction work on the
building to house the Regional
Instrumentation Centre of the Univer-
sity of Bombay at Kalina, in Bombay,
has also been completed.

Outside Bombay, the Division's work
is as under:

(i) At Hyderabad, the laboratory
block and the engineering hall of
the Atomic Minerals Division has
been completed, along with all
service facilities.

(ii) Construction of a housing colony
at Shillong for AMD is proposed to
be taken up shortly.

(iii) At VEC, Calcutta, extensions
of the 2nd and 3rd floors for the
VEC laboratory are nearing comple-
tion. It is proposed to take up work
on the VEC housing colony at
Calcutta shortly.

(iv) Construction work on the second
phase of the building for the Sana
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Institute of Nuclear Physics is expec-
ted to be taken up during 1981-82.

(v) Construction work on the labora-
tory, hostel and residential units of
the Cosmic Ray Station of the TIFR
at the Kolar Gold Fields is proposed
to be taken up shortly.

Financial Assistance

On the advice of the Board of Re-
search in the Nuclear Sciences
(BRNS), financial assistance was
given during the year to universities
and research institutions for work on
161 research projects relating to the
nuclear sciences and allied disci-
plines. Fellowships were also awarded
for research in the physical and che-
mical sciences, engineering sciences,
life sciences and mathematics.

Besides providing financial support
to the three aided institutions under
the administrative control of the
Department viz the Tata institute
of Fundamental Research, Bombay;
The Tata Memorial Centre, Bombay;
and the Sana Institute of Nuclear
Physics, Calcutta, the Department
made part contribution for the work
of the Institute of Mathematical
Sciences, Madras, and the Mehta
Research Institute of Mathematics
and Mathematical Physics, Allaha-
bad. Financial assistance was also
given to the Indian Academy of
Sciences, Bangalore, for its publica-
tion activities, and the Hyderabad
Science Society for running its Iso-
tope Training Centre.

Financial assistance is being pro-
vided during the year for the orga-
nisation of the following symposia/
workshops among others, under the
auspices of BRNS.

(i) Plant physiological research for
improvement of crop productivity
(ii) Instructional symposium on diff-
erential manifolds (iii) Symposium
on non-destructive testing (iv)
Nuclear physics and solid state
physics (v) Cellular and humoral
mechanism in immune responses.

The Department has also agreed to
provide partial financial assistance
to, among others, the following
symposia/conference activities:

(i) a Workshop on physics of ion-
implanted solids and its applications.

at Kurukshetra University (ii) Gene-
tic engineering course, at the Bana-
ras Hindu Unversity (iü) Second Con-
gress of the Federation of Asian and
Oceanian Biochemistry of the Golden
Jubilee Annual Meeting of the Society
of Biological Chemistry (India) (iv)
Seventh Bi-annual National Sym-
posium on Refrigeration and Air-
conditioning (RAC) at I IT, Kharag-
pur (v) Second International Sym-
posium on Industrial and Oriented
Basic Electrochemistry, at Society
for Advancement of Electrochemical
Science and Technology, Karaikudi
(vi) Conference titled Geotech-80 at
the Indian Geotechnical Society,
Bombay (vii) Silver Jubilee Congress
of ISTAM, and International sym-
posium on Non-linew Continuum
Mechanics at Kharagpur University
(viii) National Symposium on
Vacuum Technology and Metallur-
gical Applications (ix) Symposium
in memory of late Shri A. B. Biswas
held at lit, Bombay (x) Symposium
on design and performance relia-
bility through failure analysis, at the
Institute of Armament Technology
(xi) Annual Conference of Chemists
1980 at NT, Bombay (xii) Interna-
tional Symposium on Informatics for
Development, organised by the Com-
puter Society of India (xiii) First
Asian Congress on Fluid Mechanics,
at the Indian Institute of Science,
Bangalore (xiv) International sym-
posium on trace analysis and tech-
nological development at BARC (xv)
Seminar on magnetism & magnetic
materials, organised by the Indian
Physics Association (xvi) Assistance
to publishing ''Physics News"
of the Indian Physics Association
(xvii) All India seminar on relia-
bility of heavy electrical equipment
etc. in Bangalore (xviii) Fourth Solar
Energy Convention of Solar Energy
Society of India by A.M.M. Muru-
gappa Chetiar Research Institute, at
Annamalai University (xix) assis-
tance to Environmental Mutagen
Society of India (xx) International
symposium on normal and abnormal
growth and differentiation, at the
Cancer Research Institute, Bombay.

Contributory Health Service
Scheme

At present the CHSS covers some
54,000 beneficiaries. The BARC

Hospital and the peripheral dis-
pensaries continued to extend thera-
peutic and diagnostic facilities to the
beneficiaries, around 491,000 pati-
ents were treated in these dis-
pensaries during the year.

The bed strength in the BARC
Hospital is 160. 31,875 patients
were treated in the Hospital Out-
patient Departments.

Family planning programme was act-
ively pursued. The annual birth rate
has been maintained at 19 per 1000.
The Trombay Dispensary continued
its occupational health activities and
the Accident Prevention Programme
in collaboration with the Health
Physics Division.

Project Monitoring Cell

The Project Monitoring Cell monitors
the physical and financial progress of
projects undertaken by the Depart-
ment and reports periodically on the
same.

The Cell is designing software to meet
the needs of an effective Management
Information System. During the year,
three programmes for (a) computation
of wetghtages of different activities in
a Project (b) quantitative evalua-
tion of the progress on a Project
at different levels and (c) compila-
tion/storage/retrisval of the quarterly
reports (DAE-1 to 4) , have been
designed. It also conducted studies
on the perspective/long-term plann-
ing of the nuclear power programme,
and is actively associated with 'POW-
ERCORD', the Departmental Com-
mittee set up for reviewing the same.
The Cell has also been assigned the
responsibility of forming the nucleus
for the creation of a Central EDP
Centre. Work on this job was
initiated during the year.

Planning & Analysis Group

The Planning and Analysis Group
(PAG) provides planning and mana-
gement consultancy services to the
Department and its constituent units.
Among the tasks taken up by the
Group are: financial analysis, orga-
nisational development management
training, feasibility studies, cost audit
and manpower planning. During the

S3



year, the Group handled the follow-
ing assignments: (?) Design of form
and organisation, 'or the commercial-
scale Radiopharmaceuticals Labo-
ratory under construction at Vashi
(b) Study of the economic benefits
of the use of radioisotopes in indus-
try (c) Review of the proposal for
expansion of facilities at the Nu-
clear Fuel Complex, Hyderabad (d)
Determination of compensation paya-
ble by the Department to the UCIL
for uranium concentrates acquired
(e) Preparation of the performance
budget, in association with the Bud-
get Section of the Department (f)
Assistance to the Publications Officer
for carrying out a review of the per-
formance of the Atomic Minerals
Division for the decade 1969-1979.

In addition, the Group carried out a
periodic analysis of the performance
of the Public Sector Undertakings
under the Department, and assisted in
preparing the background papers on
the Electronics Corporation of India
Ltd. for use of the Parliamentary
Committee on Public Undertakings
(COPU)

Review of DAE's Administrative
and Management Procedures

The internal official Committee on
Administrative Procedures and Pract-
ices submitted its report during the
year. The Committee's recommenda-
tions covered areas such as planning,
monitoring, financial and administra-
tive procedures, office procedure etc.
Most of the recommendations of the
Committee have been accepted for
implementation. These include con-
stitution of Career Advisory Com-
mittees in the Units, and in the
Department, for dealing with in-
dividual career problems of the mem-
bers of staff, streamlining of proce-
dures for formulation of project pro-
posals and sanctions, measures for
speedy decision-taking, including
maximum delegation of financial
powers.

Publicity

The Department continued to pro-
ject its activities through exhibi-
tions and associated public relations
and publicity work. Major exhibitions

were organised in Bombay and in
New Delhi, including one during
the Conference of the Common-
wealth Heads of Governments of
the Asia and Pacific region. Mobile
exhibition units were also set up
at Kota, Poona and Parola (district
Jalgaon). Exhibits were also dis-
played at the Indian pavilions orga-
nised at Rotterdam, Birmingham,
Dubai, Jeddah and Kuala Lumpur.

In cooperation with the Films Divi-
sion, the Department undertook pro-
duction of two documentary films,
namely, "In the service of mankind",
on the peaceful uses of atomic
energy, and "Timely Action" a film
on cancer and its prevention. Three
more training films on "Radiation
Hazards and Control" have been
taken up for production through the
Films Division.

The Department also brings out
Nuclear India, a monthly bulletin in
English, and Parmaanu, a quarterly
bulletin in Hindi, for reporting the
research and development work in
the Department's units to Members
of Parliament, journalists and scien-
tific organisations. In addition, popu-
lar level literature is brought out from
time to time.

Enforcement of Orders Relating
to SC/ST Candidates

The total number of Scheduled Caste
employees working in the Depart-
ment increased to 3021 during the
year from 2793 at the beginning of
1980. During the same period, the
strength of Scheduled Tribe em-
ployees went upto 424, from 381 in
January 1980.

The Depai'ment continued to oversea
implementation of the orders of re-
servation in services for Scheduled
Caste/Scheduled Tribe employees, by
all constituent unts. All Units have
appointed Liaison Officers to ensure
proper implementation of the orders
on reservation, including mainten-
ance of rosters. During the year, a
number of officials helping Liaison
Officers in carrying out their duties
were trained in the various courses
conducted by the Institute of Secret-
ariat Training & Management, under

the Department of Personnel & Adm*
Reforms.

Joint Consultative Machinery and
Compulsory Arbitration Scheme

At the initiative of the Department
Office Councils have been formed
in 9 Units of the Department so
far. In one, a Unit Works Committee
exists in the place of the office
council.

The Departmental Council met on
two occasions during the year. Re-
presentatives of 13 recognised
unions/associations functioning in the
constituent units of the Department
are members of the Council and have
been participating effectively in its
functioning.

Reservation in Services for
Physically Handicapped Persons

In persuance of the orders on re-
servation in services for physically
handicapped persons issued by the
Department of Personnel & Adm.
Reforms in 1977, and in the light
of the direction from Prime Minister
for expeditious implementation of the
reservation orders, a Liaison Officer
at the level of Joint Secretary has
been appointed in the Department
The steps to be taken in this regard
were finalised in a meeting of the
Heads of Units held in July 1980
and follow-up measures are being
taken regularly. Job-identification has
been completed in all units except
two, with the assistance of Govern-
ment/Voluntary agencies such as
Vocational Rehabilitation Centre,
National Association for the Blind,
Special Employment Exchange for
Physically Handicapped, Fellowship
of the Physically Handicapped and
National Society for Equal Opport-
unities for the Handicapped.

The level of recruitment of physically
handicapped persons by the Units
against the reserved vacancies is
being monitored through quarterly
progress reports, in the proforma
prescribed by the Ministry of Home
Affairs. The total number of physi-
cally handicapped persons, catsgory-
wbe, working in the Department is
given below;
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Blind

Deaf & Dumb

Orthopaedieaiiy
Handicapped

Total

Use of Hindi

30

44

135

209

A Hindi Section has been functioning
in the Department under a Senior
Hindi Officer. A Hindi Cell, with at
least one Hindi translator, has been
set up in every major unit of the
Department.

Official Language Implementation
Committees have been set up in the
Department and all of its major units
and Public Sector Undertakings under
its control to assess progress made
in the use of Hindi.

During the year, 235 employees of
various constituent units of the De-
partment were given in-service train-
ing in Hindi under the Hindi Teaching
Scheme of the Ministry of Home
Affairs. 80 employees were trained in
Hindi typewriting, and 2 in Hindi
stenography. Four Devnagri type-
writers were purchased this year by
different units. 724 forms in use in
various units of the Department have
been translated into Hindi; 483 of
these forms have been printed in
English and Hindi.

Gazette Notifications, International
Agreements on Peaceful use of nu-
clear energy, notes and summaries
submitted to the Cabinet, reports
and other documents presented to
various Committees of the Parliament
etc. were prepared in Hindi and
English.

The Bhabha Atomic Research Centre,
Power Projects Engineering Division,
Rajasthan Atomic Power Station and

Heavy Water Project, Kota arranged
special talks on technical and scienti-
fic subjects, declamation contests,
Kavi Samelans, etc. during the year.

Quarterly report» regarding use of
Hindi in the Department and ali of its
constituent Units and Public Sector
Undertakings under its control were
submitted to the Rajbhasha Vibhag
of the Government of India.

Inspections were carried out to assess
position regarding use of Hindi in
UCIL, RAPS, HWP (Kota), NAPP
and AMD. Service badges in Hindi
were introduced in a number of
units. A number of units decided to
have bilingual Identity Cards/Entry
Slips.

Atomic Energy Education
Society

The Atomic Energy Education Society
has been growing over the years.
In 1969 it was started with one
primary school at Anushaktinagar
with 370 students, and a handful
of teachers. Today, there are more
than 11,000 students and about
500 staff members in its schools at
Bombay, Hyderabad, Tarapur, Narora
and Jaduguda. Two years back a
Junior College was started at Bombay.
This facility was extended to the
student community at Tarapur this
year. In order to accommodate the
ever-growing student-population, the
school buildings at Bombay, Hy-
derabad and Tarapur are being
extended. The Hyderabad School
celebrated its Decennial in 1980-81.

Academic Progress: The results of
the Board Examination held in March/
April 1980 were excellent Out of
333 candidates who appeared for
the A.I. Secondary School Examina-
tion at the end of Class X (CBSE),
320 candidates passed, giving a
pass-percentage of over 96. 120
studente secured above 60 per cent

marks, including 19 who scored
more than 75 per cent (in the aggre-
gate). The schools at Hyderabad,
Tarapur and Jaduguda sent 48 stu-
dents for A.I. Senior School Certi-
ficate Examination (at the end of
class XII of CBSE) in Science and
Arts Streams and 45 of them passed,
giving an overall result of 95.5 per
cent As many as 4 All-India rank
holders were from these schools.
Atomic Energy Junior College, Bom-
bay, presented the first batch of 77
students for H.S.C. Examination
(at the end of class XII of the Maha-
rashtra State Board)—49 in Science
and 28 in Commerce group. Of
these, 43 students got fust class.

This year 9 students of classes Xf
and XII secured admission to IIT;
four others were selected for the
award of NTS scholarship.

International Relations

International Atomic Energy Agency.
India continued to participate in
all important activities of the Inter-
national Atomic Energy Agency. For
the 24th year in succession, since
the inception of the International
Atomic Energy Agency, India was
designated a member of its Board
of Governors.

Subsidiary arrangements with regard
to Safeguards in connection with
reprocessing of spent fuel from the
Rajasthan and Tarapur Atomic Power
Stations at PREFRE, Tarapur,
were finalised with the IAEA, and
the arrangements came into effect
from August 12, 1980.

An Indian delegation led by Dr.
H. N. Sethna, Chairman, Atomic
Energy Commission and Principal
Secretary, Department of Atomic
Energy participated in the 24th
regular session of the IAEA General
Conference held in Vienna from
September 22 to 29,1980.



A Research Co-ordination Meeting
(RCM) on Health-related Environ-
mental Research Using Nuclear Tech-
niques was held at BARC from
February 11 to 13,1981.

The Third Research Coordination
meeting on Evaluation of Solidi-
fied High-Level Waste Products was
held in BARC from February 23
to 27, 1981.

A workshop on disalination was held
at BARC during March 3-5, 1981

under the
programme.

Indo-FRG Bilateral

India continued to provide facilities
for training and scientific visits to
foreign trainees and scientists spon-
sored by IAEA under its Technical
Assistance Programme.

Bilateral Collaboration : An agree-
ment for collaboration between India
and Algeria in the field of peaceful
utilization of atomic energy was
signed on February 28, 1980.

An agreement for collaboration bet-
ween India and Syria in the field
of peaceful utilization of atomic
energy was signed on May 1,1980.

The agreement with the Govern-
ment of Yugoslavia signed on March
16, 1979 became effective from
September 15, 1980 with the ex-
change of instruments of ratification.

An agreement between India and
Indonesia on cooperation in the
peaceful utilization of nuclear energy
was signed on January 9, 1981.
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Atomic Energy Establish-
ments in India

R & D Units

The BHAEHA ATOMIC RESEARCH CENTRE,
Trombiy, wa* **t up at the Atomic Energy
Establishment in 1957, and renamed in 1907.
It is the national centre for research and deve-
lopment work in nuclear energy and related
disciplines. Itt facilities include four research
reactors, namely CIRUS (40 MW,) Apttn
(1 MW), ZERLINA (a zero energy thermal
reactor), and PURNIMA (a zero energy fast
reactor), a 5.5 MeV Van da Graaff accelera-
tor, a H-400 computer, a BESM-6 computer,
and various special laboratories. A 100 MW
thermal reactor is under construction. The
Centre also has a uranium metal plant a fuel
element fabrication plant and a plutonium
plant.

The REACTOR RESEARCH CENTRE, at Kal-
pakfcam, 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 Reac-
tor which is under construction.

The GAURIBIDANUR SEISMIC STATION (of
the Bhabha Atomic Research Centra), 80 kilo-
metres north of Bangalore, was set up towards
the end of 1965 in collaboration with the U.K.
Atomic Energy Authority. It helps in the detec-
tion 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 scien-
tific institutions and universities in the country.

The NUCLEAR RESEARCH LABORATORY,
Srinagar, is devoted to app?<id research in
nuclear and radiation physics, with particular
emphasis on local problems.

The VARIABLE ENERGY CYCLOTRON has
been set up at Bidni:. Nagar, Calcutta, by the
Bhabha Atomic Research Centre. It is now
operatinc on a limited basis. It is a national
facility for advanced work in nuclear physics,
nuclear chemistry, isotope production for
medical, agricultural and industrial purposes, and
radiation damage studies for reactor material*.

The ATOMIC MINERALS DIVISION which has
its headquarters at Hyderabad with five regional
headquarters in other parts of India is entrusted
mainly with research and developmental acti-
vities pertaining to radkwnetric and geological
surveys, exploration, prospecting and deve-
lopment of uranium, thorium, niobium-tanta-
lum, helium and other atomic mineral resources
needed for the nuclear power programme,.

The NUCLEAR FUEL COMPLEX at Hyderabad
is designed to meet the fuel requirements of
the nuclear power reactors. It consists of the

following plants: (i) Zirconium Oxide Plant
(ii) Zirconium Sponge Plant (Hi) Zircatoy Fa-
brication Plant (iv) Uranium Oxide Plant
(v) Ceramic Fuel Fabrication Plant (vi) En-
riched Uranium Oxide Plant (vii) Enriched
Fuel Fabrication Plant (vin) Special Materials
Plant A facility for making component* for
Fast Breeder Teat Reactor'. • Stainless Steal
Seamless Tubes Plant a BaN Bearing* Plant
and a Titanium Pilot Plant have atoo bean set
up in the Complex.

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 procees
developed by a French Consortium, is linked to
the synthesis gas stream of the Fertilizer Plant
at Baroda of the Gujarat Fertilizer Corporation
and is in operation.

The KOTA HEAVY WATER PLANT built by
the Department next to the Rajatthan Atomic
Power Station, based on know-how generated
by BARC is in an advanced stage of
commissioning.

The TUTICORIN HEAVY WATER PLANT
similar to the Baroda Plant and linked to the
fertilizer plant of Southern Petrochemical Indus-
tries Corporation is In operation.

The TALCHER HEAVY WATER PLANT, equip-
ment and know-how for which have coma
from a West German firm, uses the synthesis
gas stream of the Ammonia Plant set up by
the Fertilizer Corporation of India, and is being
commissioned.

The POWER PROJECTS ENGINEERING
DIVISION undertakes the design, construction
commissioning and operation of nuclear
power plants. It is presently running the Tara-
pur and the Rajesthan Atomic Power Station*
and constructing the Madras and the Naron
Atomic Power Project*.

The TARAPUR ATOMIC POWER STATION;
100 kilometre* north of Bombay. I* the first
atomic power station to operate in Indfe. It
has two Boiling Water Type reector* fueled
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 STATION
at Rena Pratap Sagar in the State of Bajas-
than has two natural uranium-fuelled and heavy
water moderated Pressurised Heavy Water
typo reactors with a total output of 440 MWe.
One Unit of this Station has been generating
power since December 1973; the second
unit has started generation from November 1 ,
1980.

The MADRAS ATOMIC POWER STATION
is under construction at Kaipakfcam about 80
kMometres south of Madras. It he* two Pressu-
rised Heavy Water type reactors similar to the

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

The NARORA ATOMIC POWER STATION,
U. P. which is under construction, win
consist of two units of 235 MWe each.

Industrial Units

The INDIAN RARE EARTHS LTD, • Govern-
ment of India Company functioning since 1950,
operates the minetal sand* industry in Mana-
valakurichi and Chavara, and the rare earths
industry at Always. It also produce* thorium
product* at Tromoay on behalf of the Govern-
ment The company b) operating the Orissa
Sand* Complex (OSCOM) for enhancing
production of rare earths minerals.

The ELECTRONICS CORPORATION OF INDIA
LTD., Hyderabad, set up in April 1967 a* a
spin-off from the Bhabha Atomic Risaarch
Centre, has pioneered the production of a
varied range of sophisticated and precis*
ale:-'»»»: systems, instruments and compon-
ents, bassd wholly on indigenous technology.

The URANIUM CORPORATION OF INDIA
LTD, Jaduguda, wa* formed in October 1967.
tc is responvmw TOT mminp ana procswins or
uranium or* in the country. At present it is
producing uranium concentrate from the ore
mined at Jaduguda.

Aided Institutions

The TATA INSTITUTE OF FUNDAMENTAL
RESEARCH, Bombay, was founded in Jim*
1945. It is the national centre for nuclear science
and mathematics. It has two schools: the
School of Mathematics and the School of
rnyMcs {EXpenflMncaf rnysvcs, inaoraacai
Physics, Astrophysics, Geophysics, Computer
Science, Molecular Biology and Radio-aam-
norm/).

The TATA MEMORIAL CENTRE, Bombay,
comprises two institutions: the Tata Memorial
Hospital and the Cancer Ressarch InatMM*.
In addition to being one of the foremost can-
cer treatment centre* in the country, it also
conducts extensive basic and clinical reeearch
on cancer* The Tata Mamonal HoepAal si now
a leading centre in Post-Gradual* University
Training in Surgery, Pathology; Radiology,
Aneestheeiology, Bio-chemistry ate The Re-
search institute offers course* leading to M.Sc
Ph.D. in basic sciences.

The SAHA INSTITUTE OF NUCLEAR PHYSICS,
Cdcuttij w*w jottnÊÜtf opMMo in Jstousfy
1950. Its find of ftssMch mriudssi Nucwsf
•wscttons, Nuctosf Spftctroocopfr Nucfsw end
Radiation Chemistry, Solid State and Mole-
cular Physics (NMR Spsctroacopy. NOR Spec-
proecopy EPR Spectroecopy, Micro wave Abeor-
ptton Spectroecopy, UV/IR Spscfroacopy),
Crystajography Structure and Function* of
BiomoJecules, Biophysics, Electron Micros
copy, Mas* Spsctroscopy, Plasma Physics,

Physics wid Sohd Sttt* Physics.
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Glossary

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

AGRO-INDUSTRIAL COMPLEX: An in-
tegrated complex consisting of power-intensive
industries such as fertilizers, aluminium and
caustic soda and incorporating a desalination
plant or a scheme to energise tubewells to
supply irrigation water along with an agri-
cultural scheme.

ATOM: A particle of matter indivisible by
chemical means. It is the fundamental build-
ing block of the chemical dement*. The ele-
ments 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.

BOIUNG 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 ra-
dioactive.

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 bums, without
specifying whether or not there is a net gain
of fissile material. The new fissionable 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 percentgage of
atoms in a reactor fuel which has undergone
fission. Also, the total amount of heat released
per unit mass of fuel; usually expressed in
megawatt days per tonne (MWD).

CERAMIC FUEL ELEMENTS: Usually refer*
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 corrosion in
the presence of the coolant, and to prevent
escape of fission products. Aluminium or its
alloys, stainless steel and zirconium aHoys
are common cladding materials.

CLOUD CHAMBER: A device in which the
tracks of charged atomic particles such a*
cosmic rays, < particles etc. are displayed.

CONTROL RODS: Rode, plates or Tubes
of steel or aluminium containing boron, cad-
mium, hafnium or some other strong absor-
ber of neutrons. They are used to hold a reactor

at a given power level, or to vary the rat* of
reaction. By absorbing neutrons, a control
rod prevents the neutron* from causing further
fission.

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

CORE: The central portion of a reactor con-
taining the fuel element» and usually the
moderator.

CRITICAL: Critical is the term used to des-
cribe the condition in which a chain reaction
is being maintained at a constant rate, i.e.
it is just self-sustaining.

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

DESAUNATION: A process to get water
suitable for drinking and/or agricultural use
by removal of silts from «ea water or other
saline waters.

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

FALL OUT: Radioactive dust and other matter
fading back to the earth'* 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 consume*.

FAST NEUTRON: Neutron resulting from
fission that has lost relatively little of its energy
by collision, ate.; it hat energy exceeding
approximately0.1 MeV />. 100,000 electron
volts and therefore travels at high speeds.

FAST REACTOR: A nuclear reactor in
which most of the fissions are caueed by neu-
trons moving with the high spaed* they pos-
ses at the time of their birth in fission. Such
reactors contain Ktda or no moderator to alow
down the neutrons from the spaed* at which
they are ejected from fissioning nuclei.

FERTILE MATERIAL: Isotopes capable of
being readily transformed into fttekmable
material by the abeorption of neutrons, parti-
cularly uranium-238 and thorium-232; (some-
times called source material). Whan these
fertile materials capture neutrons, they ara
partially converted Into fittionable phjtonium—
239 and uranium-233 respectively.

FILM BADGE: A piece of masked photo-
graphic film worn Kke a badge by nuclear
worker*. It is darkened by nuclear radiations,
and thus the radiation expoeure of the wearer
can be cheered by inspecting the film and com-
paring the Jancening or density, after photo-
graphic development, with known standard*.

FISSILE: Capable of undergoing fission;
sometimes used to maan capable of fissioning
when hit by • alow neutron, ;g, the isotopes
Vm, U**, Pu«». and Pu*« am fictile.
Sometimes used as • synonym for fissionable.

FISSION: The splitting of a heavy nucleus
into two (or very rarely, more) approximately
equal fragments—the fission products. Fission
is accompanied by the emission of neutron»
and the release of energy, ft can be sponta-
neous, 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 /.«. it is the number
of neutrons pasting through one square cen-
timeter of a given target in one second.

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

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

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

HEALTH PHYSICS: The science concerned
with recognition, «valuation 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 at about 1
part in 8,500. It it used at a moderator in
reactors because it stows down neutrons
effectively and also has a low era** section
for abeorption of neutrons.

HOT LABORATORY: A laboratory designed
for the safe handling of radioactive materials.

ION: An atom or molecule that hat lost or
gained one or mot* electrons.

IRRADIATION: The exposure of materials
to tsMfirtiofi. In nudMf nMMch, snd in th#
production of NOtopM* HMIMIMS tw*t ofton
Hfjowa wo nvHPons HI tvwurc* invpnvt? m *
amon cen ami o n pnysfGM pupenie» of
«oud* in torn» cases wakening them ft.g.
fuel sUmsnts and graphite), out in others
hardening them (e\f* some type* of plastics
and rubbers). Large does* can be used mdus-
trieHy for sterBizaticn.

ISOTOPE; rtADKNSOTOPE: Two atoms a n
said to be ieotopa» if they are of the same
(JfaBBRM^^al aaaaaWI^Hlt h i l t lUHaaB iWaaaaikSaW •naBBBBaaaaV

The chemical properties of an atom depend
•Mfiavjc BjnOTjn/ on i m n u c m of uw syviMn
#*# « M 4 ^ * J *iaW«aaaAMa» —a•»•! • • • a»aWi«»« •<•& n nf ! • • • •

o» wmHw •jpscvjonai moving, woowt u n IHICIMM
of the atom. The number of orbital afadron*
IB W|MW SO t?W ntfdMT CMVflFt, tfW Vl4iM Of
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which is called the atomic number of the
atom (and it always an integer). Isotopes are
atoms whose nuclei have the tame atomic
number but different mattes; this meant that
isotopic nuclei contain the same number of
proton» but different numbers of neutront.

LABELLED COMPOUND: A compound in
which one of the atoms it 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 speci-
fic period to its peak load during that period.

LOOP: A circuit, part of which may run in-
side a reactor, into which materials and engin-
ering 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.

MAXIMUM PERMISSIBLE DOSE (MPD):
The recommended upper limit for the dote
which may be received during a specified
period by a person exposed to ionizing radiation
over an indefinite period. So far at is known, a
normal person so exposed will suffer no harmful
effect.

MEGAWATT ( M W ) : A million watts—or a
thousand kilowatts, a watt being the unit
of power. In MW{<) or MW(Th), the 'e' signi-
fies 'electrical' and the Th' means 'thermal
power" or heat output. MeV: One miHion
(or 10*) electron volts.

MODERATOR: The material in a reactor
used to reduce the energy, and hence speed,
of fast neutrons, as far a* possible without
capturing them. Slow neutrons are much more
likely to cause fission in a Um nucleus than
to be captured in a U m nucleus. So, by
using a moderator a reactor can be made to
work with fuel containing only a small propor-
tion of U 0 5 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 radio-
active, 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 neutrons.
It it very smaH and about 10"cm in d i -
meter (a millionth of millionth of • cm). The
detailed struetun of nuclei it not fuHy known.
The nuclei» contains most of the atom's mass.

PLUTONIUM (SYMBOL Pu): The element
No. 94, produced by neutron irradiation of
U'M. It» most important isotope it fissionable
plutonium-239, produced by neutron irra-
diation of uranium-238.

POWER REACTOR: A reactor designed to
produce nuclear power.

PRESSURIZED WATER REACTOR (PWR):
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 liquid. This type requires enriched fuel.
The water is taken out to a heat exchanger to
generate steam which can run through a turbo-
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 elec-
tromagnetic waves, in particular X-rays and
y-reys (gamma) at wed at ttream» of fast-
moving charged particles (electrons, protons,
mesons, etc.) and neutrons of aH velocities
i.e. all the ways in which energy is given oft
by an atom

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

RADIOACTIVITY; RADIOACTIVE DECAY:
The property postwmd by some atoms of
disintegrating spontaneously with the emission
of a charged particle and/or gamma radiation.
The rate of radioactive decay it not affected
by any normal change of temperature, electric
or magnetic fields, or chemistry.

RADIOGRAPHY: A method of examining
solid objects by pasting X or gamma radiation
through them by photographing (or examin-
ing on * 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 it radio-
active i.e. decays or disintegrates spontane-
ously, emitting radiation. More than 1300
natural and artificial radioisotopes have been
identified.

REACTOR; NUCLEAR REACTOR; ATOMIC
REACTOR: A device in which a fission chain
reaction can be initiated, maintained and
controlled. Its essential component is a core

with fissionable fuel. It usually has a mode-
rator, a reflector, shielding and coolant and
control mechanisms.

REPROCESSING : The procedure of removing
fission productt from fuel before re-using i t
One main aim is to remove poison» which
would absorb and watte neutrons; another it to
remove mechanical stresses due to irradiation,
especially in the case of metallic fuels.

SOMATIC EFFECTS OF RADIATIONS:
Effects of radiation limited to exposed individuals
as distinguished from genetic effects which atto
affects subsequent unexposed generations.

SWIMMING POOL REACTOR/POOL
REACTOR : A reactor using water as coolant
reflector and moderator, usuaDy 3 or more metres
deep so that the water it also • 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 Th) : Element No. 90
and atomic weight 232; a naturally radioactive
metal, the mineral sources of which are widely
spread over the firth's surface, particularly in
monaztte beach SL ds. It can be converted to
uranium-233, an *.<ceKent nuclear fuel, by
neutron irradiation.

TRANSURANIC ELEMENTS : The artificia
elements No. 93 and higher which nave heavier
and more complex nuclei then uranium. They
can be made by neutron bombardment of uran-
ium and are radioactive, e.g. plutonium.

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

URANIUM SYMBOL (U) : Radioactive ele-
ment with th» atomic number 92. Natural
uranium contain* both th* heavier uranium
Isotope U"*. which it a not reediry fit*»*
material, and it the parent material from which
Plutonium it created, and the lighter isotope
of uranium, U"». which is the fission material
or fuel of moat reactors. In 140 parts of natural
uranium, 139 pent are of U"*. and one part
only is U m . Uranium is the basic raw material
for nuclser energy.

VAN DE GRAAFF GENERATOR {AC-
CELERATOR) : An electrostatic generator in
which a high potential is produced by the ac-
cumulation of electric charge conveyed t» an
insulated conductor by a contmuouthr moving
belt. The potential generated is used for ac-
celerating charged particles. Named after R.S.
Van da Graaff who invented the device in 1931.

ZERO-POWER REACTOR : An experimemal
reactor operated at such low power levels
that a coolant is not needed and little radio-
activity is produced.
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Abbreviations
AMD

BARC

DAE

ECIL

HIRUP

HWP

IAEA

Atomic Minerals Division

Bhabha Atomic Research
Centre

Department of Atomic Energy

Electronics Corporation of
India Ltd.

High Intensity Radiation
Utilisation Project

Heavy Water Projects

International Atomic Energy
Agency

IRE

MAPP

NFC

PAWBIT

PPED

PREFRE

RAPS

Indian Rare Earths Ltd.

Madras Atomic Power
Project

Nuclear Fuel Complex

Panoramic Batch Irradiator at
Trombay

Power Projects Engineering
Division

Power Reactor Fuel
Reprocessing Plant

Rajasthan Atomic Power
Station

RRC

REL

TAPS

TIFR

TMC

UCIL

VEC

Reactor Research Centre

RaMaMity Evaluation
laooretofy

Terepur Atomic Power
Station

Tata Institute of Fundamental
Research

Tata Memorial Cant»

Uranium Corporation of India
Ltd.

Variable Energy Cyclotron
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