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The Indian pressurised heavy water reactors (PHWRs) have several inherent safety
features. The reactor is capable of operation with high reliability while ensuring safety of
plant, personnel and public, and of environment. The cover depicts the following:

1. 19 element fuel bundle for 235 MWe reactor. The fuel, natural uranium dioxide
pellets, is sealed in thin zircaloy tubes.

2. A cutaway view of reactor, showing internal assembly of calandria and end-shields.
The calandria is housed in a concrete vault lined with carbon steel and filled with
light water for shielding purpose.

3 . Double containment reactor building prevents ground level releases to the environ-
ment during the accident conditions.

4. Workers doing |ob In protective clothing.
5. The control room of a power plant with instrumentation to provide information to the

operator on the operational status of the plant to enable safe and efficient control.
6. Research reactors CIRUS and DHRUVA at Trombay.
7. Narora Atomic Power Project.

2.1 Nuclear Power Board
2.2 Heavy Water Projects
2.3 Nuclear Fuel Complex
2.4 Atomic Minerals Division

3.1 Bhabha Atomic Research Centre
3.2 Indira Gandhi Centre for Atomic Research
3.3 Tata Institute of Fundamental Research
3.4 Saha Institute of Nuclear Physics
3.5 Tata Memorial Centre
3.6 Institute of Physics

4.1 Atomic Energy Regulatory Board
4.2 Safety Review Committee

5.1 Indian Rare Earths Ltd.
5.2 Electronics Corporation of India Ltd.
5.3 Uranium corporation of India Ltd.

6. Directorate of Purchase & Stores.
Construction and Services Croup,
Directorate of Estate Management,
Financial Assistance,
Management Services Group,
General Services organisation,
International Relations,
Reservation in Services,
Information and Publicity,
Atomic Energy Education Society.
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The satisfactory performance of operating
nuclear power reactors, completion of the
HWP Thai in record time, restart of
DHRUVA research reactor, opening of a
new mine at Bhatin, successful plasma run
of the MHD plant atTiruchirapalli and com-
missioning of the OSCOM project are
some of the highlights of DAE's activities
during the year.

The performance of nuclear power
stations during the year has been satisfac-
tory. Except for RAPS-1 which remained in
a shut down condition due to the end-
shield problem, the performance of the
five operating reactors was good. TAPS-I
gave by far the best performance till date,
RAPS-II had highest ever annual power
generation amongst all its years of com-
mercial production and the problems faced
by MAPS I and II in the generator trans-
former and the fuel transfer system re-
spectively were overcome successfully.
The target dates for criticality of the NAPP
reactors are 1988 and 89 respectively and
the Kakrapar Project has made progress as
scheduled.

The two units of TAPS logged 34 reactor
years of successful operation and power
generated by the Station crossed over
32,000 million units in November 1986.
During the year, the capacity factor of the
Station was 72 percent while Unit-I gene-
rated 1189 million units with a capacity
factor of 85 percent, which is the best per-
formance in its operating history, Unit-I I
completed its 189 day record continuous
run before its tenth refuelling outage. The
two units together generated 2021 million
units. The availability factors of Unit I and II
were 90.8 percent and 64.10 percent
respectively.
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The cumulative generation of the Station
was 11,568 million units. Though RAPS-I
remained shut down due to end shield re-
pairs, RAPS-II exceeded its generation tar-
get of 995 million units by generating 1324
million units. Apart from power generation
the unit also supplied steam to the heavy
water plant at Rawatbhatta. The unit ope-
rated at 70 percent capacity factor. The
availability factor was 77 percent. The re-
coid 162 day continuous operation of the
reactor was a remarkable improvement
over f.he previous best of 94 days.

Cumulative generation from both units of
MAPS was 3928 MUs. During the year
MAPS-I had a capacity factor of 41.4 per-
cent, inspite of an extended outage due to
failure of the main transformer. The availa-
bility factor was 52.9 percent with the
longest continuous operation being 44
days. Unit-ll had a capacity factor of 40.7
percent and availability factor of 57.2 per-
cent with the longest continuous operating
period being 32 days.

The project has been delayed mainly due to
the late delivery of the steam generators.

The plant buildings have been completed
and most of the reactor components for
NAPP I and II have been installed. The pip-
ing work for Units I and II has been 80 and
50 percent completed respectively, while
the electrical work completed has been 80
and 60 percent respectively. Three steam
generators for Dnit-I have already been in-
stalled and the 4th steam generator is to be
installed soon.

The switchyard, compressed air system,
raw water system and chilled water sys-
tem have been commissioned while the
commissioning of cooling water system is
in progress.
NAPP I and II are scheduled to be comp-
leted during 1988 and 1989 respectively

Construction of reactor building I is in prog-
ress. Construction of the pump house has
commenced. The completed work in-
cludes the TG block and 100 m floor in the
turbine building I and raft for the spent fuel
storage bay in the service building. Major
equipment such as calandria, end shields,
PHT pumps etc. have been delivered to the
site. Fabrication of other major equipment
is progressing satisfactorily.



The two units of KAPP are scheduled to
attain criticality by December 1990 and
December 1991, respectively.

The AEC has endorsed a proposal for seek-
ing approval of the Government for setting
up two units of 500 MWe PHWR. A sanc-
tion of Rs. 162 chores for advance procure-
ment of materials and components re-
quired for the two units has been accor-
ded. Orders have been placed for most of
the raw materials for the calandria and end
shields as well as for some components of
the fuel handling system. Design work on
primary heat transport system, moderator
system and reactor boiler and auxiliaries
are in an advanced stage.

These include setting up of two reactors,
each of 235 MWe, at Rawatbhatta, Rajas-
than as expansion of the present RAPS.and
two reactors at Kaiga, Karnataka.
Financial sanction of Rs. 711.57 crores for
the third and fourth units of Rajasthan Ato-
mic Power Project has been accorded. In-
frastructural development work has com-
menced and orders have been placed for
long lead time equipment.

Work on site investigations, infrastructure
development and ordering of critical com-
ponents for the 2 x 235 MWe Kaiga Project
in Karnataka, is in progress. Financial sanc-
tion for the Kaiga Project is expected soon.

Efforts made during the year are expected
to consolidate production of heavy water in
the country as described plant wise in the
following paragraphs.

The feed to the Heavy Water Plant Nangal
is the preenriched hydrogen gas obtained
by electrolytic process from the fertilizer
plant of the National Fertilizer Ltd. (NFL). To
this technology, nonavailability of power is
a crippling constraint. Due to the shortage
of power in the region, availability of power
to the electrolytic plant has been restric-
ted. To get over this problem, the electro-
lytic process is being replaced by a front-
end plant based on a chemical process,
using pressure swing adsorption, which
will be commissioned in 1988. It will en-
sure an extension in the useful life of the
Heavy Water Plant.

After achieving a high stream factor during
the previous year, the plant has touched
maximum capacity. Certain constraints
coming in the way of the plant in achieving
sustained operation at the maximum rated
capacity are being removed. After comp-

leting the requisite modifications, the plant
is expected to reach its full potential in
1987-88. A noteworthy development is the
stride towards the front end plant design
which will remove dependence of the
heavy water plant on fertilizer plant for for-
mer's deuterium needs. The pilot plant for
ammonia water exchange process set up
at Baroda, has provided useful information
in this direction, which can be used not
only in Baroda but in other plants as well.

The plant has shown a high level of per-
formance both with regard to availability
and daily capacity. With the satisfactory
performance of the final enrichment plant,
the plant is currently producing heavy wa-
ter of nuclear grade.

There are limitations on production from
the plant due to low availability of synthesis
gas and steam from the fertilizer plant.
The fire incident on 29 April 1986 halted
the operations of the plant. The plant has
been revamped in accordance with the re-
commendations of the High Power Com-
mittee set up by DAE to avoid recurrence
of such incidents. Initial constraints due to
deficiencies in certain equipment have, in
the meanwhile, been removed. The plant
is now being prepared for restart.
The annual capacity utilisation of the fertili-
zer plant has unfortunately not exceeded
25 percent. To have economic viability of
heavy water production, the capacity of the
fertilizer plant needs to be upgraded. Deci-
sion of the Government in this regard is
awaited. Meanwhile the plant will be ope-
rated to establish the process on a steady
basis.

Based on indigenously developed H2S-
water exchange process for production of
heavy water, the Kota plant has shown
satisfactory performance. All the three
sections of pre-enrichment stage were
successfully brought into operation during
the year, keeping the operating pressure
at half the design pressure. The plant was
shut down for overhauling and checking
equipment for corrosion due to hydrogen
sulphide. After restart it will be taken to the
design pressure in stages. For steady sup-
ply of steam to the Kota plant, an indepen-
dent oil based steam generation plant is to
be commissioned in 1988 and the plant is
expected to reach its full capacity in
1988-89.

The 110 tonne Thai plant, based on the
process knowhow of DAE, has been built
for the Department by RCF. The project
was completed as scheduled during the



year. Most of the equipment for the plant
was procured indigenously.
The plant commenced trial production on
28 October 1986 and is expected to reach
full capacity during 1988-89.

The 185-tonne plant is based on the indi-
genous hydrogen sulphide-water ex-
change process. During the year progress
of construction work on the plant was
satisfactory. Most of the equipment have
been installed. However, a serious prob-
lem has been encountered in the supply of
boilers, with the Company that was to sup-
ply them, applying for liquidation. Various
alternative solutions are being examined to
minimize the delay due to this problem.
Subject to satisfactory resolution of this
problem, the plant is expected to be com-
missioned by September 1988.

Government has accorded sanction for a
110 MT plant at Hazira. The plant, expected
to be completed in 1990, will be similar to
the one at Thai and will draw synthesis gas
from the fertilizer plant of KRIBHCO at Haz-
ira. Procurement action has been initiated.

The Atomic Minerals Division (AMD) con-
tinued its efforts to enlarge the resource
base of atomic minerals by identifying
larger and economically viable reserves in
areas under investigation and new areas of
high potential.

During the year airborne surveys of AMD
covered an area of 8,180 sq. km. The Divi-
sion generated contour maps for total
radioactivity for areas of 17,310 sq. km.
and prepared thematic maps of areas in
parts of Bihar, Tamil Nadu, Kamataka and
Rajasthan, and digital analysis of 3200 sq.
km. About 25,000 sq. km. of area was
covered by reconnaissance survey, de-
lineating many new potential horizons. Im-
portant anomalies were also located in cer-
tain areas.

Exploratory drilling by AMD during the year
was more than 62,500 m and the evalua-
tion drilling carried out in certain areas
proved additional reserves of uranium.
A total of 453 m exploratory underground
mine development was completed at
Bodal and Jajawal, (M.P.).

In view of the adequate stockpile of con-
centrates of Nb-Ta, AMD is running only
one mechanised pilot plant. The Division
recovered 4300 kg of Nb-Ta concentrates
and set up a new pilot plant at Siri River in
Madhya Pradesh for the recovery of
xenotime concentrates.
Reavy mineral investigations were carried

out over an area of 2.4 sq, km. in beach and
coastal dune sands in parts of Kerala,
Tamil Nadu, Andhra Pradesh and Orissa
The Division actively participated in ihe
geological and seismotectonic evaluation
of various nuclear power station sites

The Nuclear Fuel Complex (NFC) con-
tinued to manufacture enriched uranium
oxide fuel bundles for TAPS and natural
uranium oxide fuel bundles for RAPS
MAPS and NAPP reactors.
During the year, NFC completed its com-
mitment towards the initial fuel charge for
start up of NAPP-I and the operational
needs of MAPS and RAPS reactors. The
FBTR pilot facility at the Complex supplied
the balance requirement of blanket sub-
assemblies for fuel core of FBTR and also
produced 68 Nos. of ThC>2 axial blankets
towards next core replacement. The plant
has now taken up the development work
of fuel assembly components required for
the 500 MWe PFBR.

NFC has standardised the manufacturing
technology of split spacer bundles for
PHWRs. The Complex has made 14 Nos. of
7x7 assemblies in addition to the normal 6
x 6 assembly desig: i for TAPS. This new
configuration is expected to give improved
performance.

Considerable foreign exchange was saved
by the Special Materials Plant by manu-
facturing critical Ta nozzles required by the
OSCOM Project.
NFC expects to produce 500 MT of stain-
less steel tubes of different grades and
1000 MT of seamless ball bearing and
other tubes of different diameters.
The revenue receipts for the year are es-
timated to be about Rs. 45 crores.
The expansion programme of NFC mainly
aims at replacing the wornout equipment
and machinery and induction of the state-
of-the-art equipment to achieve higher
productivity and expanded capacity. Gov-
ernment sanction of Rs. 25.71 crores has
been received by NFC for its Phase I ex-
pansion. The Complex has prepared a
comprehensive Corporate Plan envisaging
setting up of four new projects for the pro-
duction of PHWR fuel and zircaloy to meet
future requirements.

In April 1986, the Magnetohydrodynamics
(MHD) Plant — a research project spon-
sored by the Department of Nonconven-
tional Energy Sources, was successfully
operated by BARC at the rated input para-
meters. A significant achievement came in
September 1986 when a plasma run for
2200 hours was attained.



Other notable research and development
works carried out at BARC during the year
include successful development of copper
vapour laser (CVL) and dye lasers, a com-
pact and portable data link, a microcompu-
ter based statistical multi-
plexer, a PC based multichannel analyser
system and a gamma transmission gauge.
An indigenously fabricated seismometer
was installed at RAPS and pulse power
systems with energy upto 1000 Joules
were developed. The Centre designed and
operated plasma jet devices in air and un-
derwater and assembled electron beam
welding machines for special applications.
A high power glass laser is under develop-
ment at BARC. The preliminary studies un-
dertaken to develop solgel microspheres
pelletisation route for fuel fabrication ap-
pear to be promising.

The Centre developed a process-of rare
earths recovery from the hydroxide cake
obtained from processing of monazite and
standardised the process for recovery of
silver from silver chloride residues.
A solvent extraction process for the recov-
ery of cobalt from waste streams of the
Hindustan Zinc Limited was developed.
A facility has been set up to develop carbon
products for specialised applications. An
integrated gravity concentration flow
sheet was developed to maximize the re-
covery of uranium values from copper
tailings.

Instruments developed include a radio-
immunoassay (RIA), counter for medical
diagnosis and research and a 100 micro-
farad energy storage capacitors.
Design, development and fabrication of
many remote handling equipment for use
by DAE 'units is underway. A pneumatic
pick-and-place robot was developed and
installed at NFC. Also.work has started on a
Nuclear Robot Project.

The phonetjc coding system for uniquely
identifying every individual in the country is
a significant development. The system
easily fits into computer logic.

The heavy ion accelerator pelletron, a joint
endeavour of BARC and TIFR, is in the final
stage of .installation. Design work on the 30
MeV cyclotron facility for production of
short lived radioisotopes is nearly
completed.

APSARA and CIRUS reactors continued to
operate in a safe and efficient manner and

•facilities were available for research, radio-
iSQtope. production and irradiation testing
of. fuels ajfid other materials.
To" overcorner th§ fuel vibration problem in

DHRUVA, the design of fuel assembly was
modified Modified fuel assemblies have
now been loaded The reactor resumed
operation on 25 November 198G and the
power level was raised lo 25 MW Subse-
quent to the satisfactory performance of
the fuel assembly and reactor systems, the
power level was raised to 40 MW and the
level will be raised progressively after gain-
ing experience. Radioisotope production
commenced soon after raising power level
to 25 MW.

Based on the design of BARC, a uraniunv
233 fuelled Neutron Source Reactor Facil-
ity KAMINI, which will be set up at Kal-
pakkam is nearing completion. The re-
search reactor will be used mainly for the
neutron radiography of radioactive and
nonradioactive objects.
A reactor PURNIMA III is being set up at
Trombay. This will replace PURNIMA II
which has been dismantled on completion
of experiments.

BARC is the sole producer of radioisotopes
in the country."During the year, the Centre
earned Rs. 2.54 crores by supplying radio-
isotopes and related equipment to various
users in the country and abroad.
BARC also supplied radiolabelled fertilizers
for use in agricultural research and labelled
compounds for use in genetic engineering
studies, to research institutes.
The radiotracer techniques developed at
Trombay were used in leak detection and
hydrology.
While the BARC designed cobalt-60 radi-
ation facility was commissioned at The
Sriram Institute of Industrial Research, the
Centrealsocompleted design of a radiation
sterilization plant for Kidwai Memorial In-
stitute for Oncology, Bangalore.

Nuclear techniques have been established
in the field of crop improvement and food
preservation.

During the year, new and improved strains
of rice, pulses, oil seeds and jute de-
veloped at Trombay were subjected to
field trials in different States.

Development and standardisation of
methods for the preservation of food and
in-situ destruction of pathogens in edible
substances, using irradiation technology,
were continued.
Gamma radiation has been found as an
effective means for food preservation. A
new transportable moving bed onion irradi-
ator was designed at Trombay.

' Phosphorus-15 labelled compounds and



N-15 enriched nitrogen compounds were
supplied to various institutions for use in
agriculture research.

While the Plutonium Plant at Trombay con-
tinued to process spent fuel from CIRUS
reactor, at the Power Reactor Fuel Repro-
cessing Plant (PREFRE) at Tarapur repro-
cessing of spent fuel from the pressurised
heavy water power reactors was carried
out.

In the Kalpakkam Reprocessing Plant Pro-
ject (KARP) detailed engineering design,
procurement and fabrication of major
items of equipment are in progress.

The surveillance and characterisation block
of the solid storage surveillance facility
(S3F) at Tarapur has made considerable
progress and is expected to be commis-
sioned by the middle of 1988. Work on the
waste management plant at Narora is mak-
ing satisfactory progress and is scheduled
to be completed by the middle of 1987.

Design and detailing of the waste immobi-
lisation plant at Trombay for treatment and
conditioning of high level radioactive waste
are progressing. Design of the waste man-
agement plants for Kakrapar, RAPP 3 & 4
and Kaiga Project is also in progress.

A heavy water final enrichment plant based
on vacuum distillation process has been
successfully commissioned at Thai, Maha-
rashtra, while the construction work on
such a plant is progressing satisfactorily at
Manuguru.

The spin offs of research and development
at Trombay have been transferred to in-
dustry. Twenty six technologies have been
transferred so far. Assistance was exten-
ded to RCF in commissioning of their plant
for N-15 enriched nitric acid production.
The plant is based on the process develop-
ed at Trombay. During the year an amount
of Rs. 10.4 lakhs was earned as transfer
fees from such technology transfers.

A 425 cum/day multistage flash desalina-
tion plant and a 30 cum/day shipbome
desalination plant are nearing com-
missioning.

The ISOMETJ plant at Vashi sterilized 5840
cum of medical products and offered irradi-
ation service of medical products to 300
user industries.

The Radiation Medicine Centre of BARC is
recognised by WHO and IAEA as the re
gional reference centre for South East Asia
in nuclear medicine
The Centre carried out more than '27.000
investigations during the year and extend
ed to patients the services which covered a
variety of in-vivo imaging and non-imaging
investigations. A RIA technique with mdi
genously available kits has been developed
which will save considerable foreign ex
change Kits are also bemp prepared for
diagnosis of tuberculosis

The Gulmarg gamma ray telescope was
augmented and a detailed study is under-
way to strengthen the gamma ray astro-
nomy work and extend the studies to the
ultraviolet (UV) region. The Laboratory also
sterilized various medical products by radi-
ation with the objective to popularise the
process.

The Variable Energy Cyclotron is a national
facility for basic and applied research in
nuclear field including production of radio-
isotopes and radiation damage studies.
The cyclotron was used by more than 25
research institutions and universities.

The Centre for Advanced Technology at
Indore, Madhya Pradesh is coming up fast
Work has begun in the field of accelerator
and laser technologies.

DC accelerators capable of giving 500 KeV
to 1.5 MeV energy were designed and the
design for microwave cavities for 10 MeV
linear accelerator was completed
Three copper vapour lasers with powers in
the range of 10-20 watts were made
operational and a 20 W copper vapour laser
was designed, fabricated and assembled

Civil work at the Centre is in progress

The Fast Breeder Test Reactor (FBTR) of
IGCAR, that had achieved criticality on 18
October 1985, is expected to be restarted
soon with an expanded core and will later
demonstrate production of electricity

The Centre is engaged on the develop-
ment of a 500 MWe Prototype Fast
Breeder Reactor (PFBR), the preliminary
design of which has been completed De-
tailed design of main components like the
reactor vessels, intermediate heat exchan-
gers, steam generators, control rod drive
mechanisms, invessel fuel handling
machines and sodium is making progress
The Centre has been carrying out testing of



various materials which are required for
the country's future fast reactors.
For postirradiation studies, ? set of hot
cells incorporating removable leaktight
boxes have been brought to the commis-
sioning stage.

The Centre has almost completed the
work on developing detailed flow sheet,
equipment, instrumentation and special
hot cell techniques related to the reproces-
sing of FBTR fuel. Design work on the fast
reactor fuel stream of the reprocessing
plant (KARP) is continuing.

A microcomputer based instrumentation
and control system for the radioactive
sodium loop and a colour graphic display
system for the Neutron Source Reactor
Facility are among the major instrumenta-
tion projects completed during the year.

DAE continued to evaluate and enforce
radiological and industrial safety in all the
units and undertakings of the Department
to ensure safety of the operating person-
nel, members of the public and environ-
ment.

The Department continued to participate in
the incident reporting system (IRS) of
IAEA.

The Atomic Energy Regulatory Board
(AERB) conducted regulatory inspections
of MAPS, NAPP and FBTR during the year.
Out of the 4 technical committees and 4
task groups appointed by AERB, three
completed their tasks..The Board has also
undertaken preparation of codes and
guides in the nuclear, medical, industrial
and transportation areas.

The Health Physics Division of BARC
analysed the radiation exposure to about
16,000 radiation workers of DAE and found
the exposures well within the permissible
limits. This confirms the effective use of
radiation protection procedures at the
nuclear installations. Safety assessment of
country's nuclear power plants was also
undertaken in the wake of Chernobyl
accident.

Environmental surveys were conducted
around all the nuclear power plants and
other DAE sites. The radioactive releases
from these facilities were found to be far
below the authorised limit.
The levels of toxic chemical effluents in the
work environment were found to be within
threshold limits in all the units of DAE and
accident frequencies were found to be
lower as compared to other industries.

Radiation exposure levels of the members
of the public around the nuclear installa-
tions were much below the prescribed
levels.
To facilitate radiation protection data and to
improve operational efficiency, stand-
alone computer systems have been instal-
led at major health physics units.
Radioactive fallout in India from the reactor
accident at Chernobyl was extensively
studied as part of a nationwide environ-
mental monitoring for natural and fall out
radionuclides. There has been no cause for
concern anywhere in India arising from tne
fall out due to Chernobyl.
R '•diation safety measures were continued
to be implemented in about 2,800 insti-
tutes of the country, using radiation
sources for various applications and
covered 35,000 radiation workers.
The Safety Review Committee (SRC) of

With a sales turnover of Rs. 23.80 crores
which is a 19.78 percent increase over the
previous year's sales, the gross profit of
the Indian Rare Earths Ltd (IRE) was
Rs. 7.22 crores and the dividend paid was
Rs. 26.08 lakhs during 1985-86. Inciden-
tally the Company has been paying divi-
dends to the Government regularly for over
two decades. IRE also earned foreign ex-
change of Rs. 13.49 crores during the year.

Due to constraints on sand supply to the
mineral separation plants, the production
of minerals was marginally lower as com-
pared to that of the previous year. Mea-
sures to remove these constraints are be-
ing implemented. It is expected that a sub-
stantial increase in the production will be
achieved in about three years when the
project is completed.

The plant of OSCOM Project has been in
commercial operation since October 1986
and a capacity of about 50 percent is ex-
pected to be achieved during the next few
months. The production of synthetic rutile
is also picking up. The project is expected
to contribute to the profits during 1988-89
when near full production is anticipated.
IRE has also undertaken work of setting up
a new Thorium Plant in Orissa, in collabora-
tion with BARC.

The Company is drawing a 5-year Corpo-
rate Plan. Substantial increase in the pro-
duction of minerals is expected in about
three years. The possibility of working on
new deposits is also being explored. The
Company has also taken up diversification
of its product range and expects to achieve
a turnovei of Rs. 70-80 crores within nex*
three years.
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GROWTH OF MANPOWER
The Electronics Corporation of India Ltd.,
(ECIL), a public sector undertaking under
the aegis of DAE, has earned a net profit of
Rs. 9.94 crores during the year 1985-86.
The production and income for the year
have been Rs. 116.66 crores and
Rs. 111.41 crores respectively.

The Corporation continued to progress in
its thrust areas namely the computers,
control and instrumentation and communi-
cation systems. It also catered to the
needs of a large number of users such as
BHEL, IAF, NDDB and ONGC. The colour
TV of ECIL has been received very well in
the market and its .supply has also im-
proved substantially.

The ECIL is anticipating improved perform-
ance in futurein view of the great accent of
the Government on electronics, the grow-
ing nuclear power programme and the
modernisation programmes of industries
and Government Departments.

During the year 1985-86, UCIL's income
and gross profit were Rs. 16.96 crores and
Rs. 1.34 crores respectively. The figures
for the previous year were Rs. 14.87
crores and Rs. 1.17 crores.

On the production front, the Corporation
performed well. The production of uranium
concentrate during 1985-86 was higher
than the all time high record of production
of the previous year, capacity utilisation of
the Mine was 88.4 percent which almost

equalled to the production level of the pre-
vious year and the ore processed in the Mill
increased to 103.5 percent.
While the production of copper and molyb-
denum concentrate and magnetite excee-
ded the target, the higher quantity of
ore produced from Bhatin mine provided
additional feed for the Jaduguda Mill.

The results of the Corporation would have
been better but for the production time lost
due to failures in power supply and lower
grade of ore. The continued erratic power
supply to the Surda and Rakha uranium
recovery plant made them run only at 50
percent of the available time.

Completed projects include construction
of Bhatin mine and erection of uranium
recovery plant at Mosabani. The expansion
of the Jaduguda Mill is nearing completion.
The feasibility report of UCIL on uranium
deposit at Bodal in Madhya Pradesh is un-
der consideration of the Government.

In addition to fully funding the Institute of
Physics, Bhubaneswar, SINP, TIFR and
TMC, the Department also provided during
the year, an assistance of Rs. one crore for
conducting new and ongoing research pro-
jects. Assistance was also given for the
development of mathematics to the Insti-
tute of Mathematical Sciences, Madras,
Mehta Research Institute, Allahabad and
National Board for Higher Mathematics to



the tune of Rs. 50 lakhs Rs. 10 lakhs and
Rs. 20 lakhs respectively.

For the thirtieth year in succession, India
•was designated to the IAEA Board of Gov-
ernors as one of the most advanced
countries in the technology of nuclear
energy including the production of source
materials. This underscores country's
leading status in this frontier technology.

India continued to offer training facilities,
fellowships and scientific visits and made
available the services of its scientists for
expert assignments both through the IAEA
and to the countries with which we have
entered into bilateral agreements for coop-
eration in the peaceful uses of atomic en-
ergy. The country also hosted IAEA meet-

ings, workshops and two training courses
under the Regional Cooperation Agree-
ment Programme. India signed the IAEA
conventions on "Early Notification of a
Nuclear Accident" and "Assistance in the
case of Nuclear Accident or Radiological
Emergency" (adopted during the special
session of General Conference held during
September 1986) subject to ratification.
Dr. Raja Ramanna, former Chairman, AEC,
was unanimously elected President of the
30th General Conference of the Agency at
its opening Session in Vienna on 29 Sep-
tember 1986.

The performance and the activities of the
Department during the year 1986-87 have
been detailed in the following chapters.





With the commencement of com-
mercial operation of MAPS-II the coun-
try's sixth 235 MWe unit, and the high-
est ever gross electricity power gen-
eration of 4771 million units, to date
from the nuclear power stations the
Indian nuclear power programme was
further consolidated. It is expected
that this year the gross generation will
cross 5500 million units. With the ex-
ception of RAPS-I which remained in a
shut down state due to the end shield
problem,the performance of the nu-
clear units has been satisfactory.
TAPS-I had the best performance in its
operating history, generating 1189 mil-
lion units at a capacity factor of 85 per
cent. RAPS-II also had its highest ever
production of 1324 million units during
its six years of commercial operation.
The capacity factor was 70 per cent.
Since the unit supplies process steam
to the Heavy Water Plant, Kota in addi-
tion to generation of electricity the real
capacity utilisation is about !0 percent
higher. MAPS-I had some problems
with its generator transformer which
were overcome by replacing it with a
transformer from Narora. This led to a
lower output than expected. MAPP-II
which went commercial in March 1986
had some initial problems in the fuel
transfer system. These have been
subsequently overcome and the unit is
now operating satisfactorily. A notable
highlight is that RAPS-II had an uninter-
rupted record run of 162 days during
1986 and that TAPS-I and RAPS-II had
the highest generation in their respec-
tive life times.

Narora is behind schedule and extra
efforts are being made to complete the
two units during 1988 and 1989 res-

pectively. Kakrapar is on schedule. Part
financial sanction of the Kaiga project
has also been given. The detailed pro-
ject report on the 500 MWe project has
been submitted and design work is
now in an advanced stage. Financial
sanction for RAPP-3&4 has been
accorded and the project is expected
to be completed by 1995.

On the commercial front revenues
from the sale of power during 1986
crossed Rs. 170 crores. The revenues
are expected to be about Rs. 180
crores in the current year.

Tarapur Atomic Power Station
TAPS completed seventeenth year

of successful commercial operation
logging up 34 reactor years. Unit-I had
its highest ever generation (1189 mil-
lion units) as well as capacity factor
(85%) in its history. Unit-ll also attai-
ned the longest ever continuous run of
189 days. The year was also significant
in that major work on replacement of
primary system piping was carried out
(as has been done in similar reactors
around the world). Fuel pool augmen-
tation was completed and for further
augmentation of spent fuel storage
work on an AFR'facility has been taken
up. Civil work is currently in progress.

With regard to the collective dose
the performance was better than the
target as a result of implementation of
improvements in the control of radia-
tion levels. Evaluation of 'radiation
exposure showed that operational re-
leases from TAPS were well within the
dose limits. The net profit from TAPS
after taking into consideration depreci-
ation and interest payments was
Rs. 20 crores which is also a record for
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Growth in Nuclear Power Generation
From 1969-70 to 1986-87
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Electricity sold and Revenues earned by TAPS, RAPS and MAPS

YEAR

1980-81
1981-82
1982-83
1983-84
1984-85
1985-86

TAPS

MUs

1649
1821
1358
1701
1757.
1781

Sales in
Crores

2919
32.15
28.47
41 28
4638
6640

RAPS

MUs

906
889
440

1075
940

1189

Sales in
Crores

19.50
24-61
12.47
33.68
33-38
42.19

MUs

—
—

173
892

1133

MAPS

Sales in
Crores

—
—

7.32
40.42
47.59

Sales and Sales Revenues of TAPS, RAPS and MAPS

Nolos: (a) TAPS is in rommercial operation with cfferi from 1.11:19h9
(b) RAPS Unit I is in commercial operation with effect from I ft 12 147)
(c) RAPS Unit II is in commercial operation wi!h effect from 1.4.1981
Id) MAPS Unit I is in commerc ial operation with effect from 27.1.1984
(e) MAPS Unit II is in rommercial operation with effect from 2 I.J.I 986
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Tarapur Atomic Power Station
the station. The cumulative profit from
TAPS so far has crossed Rs. 67 crores
or 70 per cent of its cost.
Rajasthan Atomic Power Station

RAPS-II achieved its highest genera-
tion (1324 MUs) and capacity factor
(70%) in its- history and also had the
highest generation amongst all the five
operating units. Recently it touched a
new high — it generated 5 MUs in a
single day! Performance was excellent
and a record continuous operation with
the grid for 162 days was achieved.
The availability factor was 77 per cent.
It exceeded the targetted capacity
factor of 65 per cent by 5 per cent.

RAPS-I remained shut down due to
end shield problem. Various alterna-
tives for its rehabilitation were
examined in depth. It is considered
worthwhile sealing the new cracks in
the south end shield using a method
similar to that used earlier and operate
the unit at a reduced power level. This
is considered to be a short term solu-
tion. However there would be some
uncertainty regarding reliable long
term operation with this method. Re-
placement of both end shields appear
to be a promising long term solution for
complete rehabilitation of the unit and
operating it at its rated full power. The
cost benefit aspects of this alternative
are being examined.

Madras Atomic Power Station
MAPS-I had an actual generation of

854 MUs against a target of 1090
MUs. The unit did fairly well with a
capacity factor of 41.4 per cent consid-
ering tnat the generator transformer
failed leading to an outage of about
four months. The task of bringing in
and installing generator transformer
from Narora was executed success-

fully and the opportunity was taken for
carrying out some major engineering
changes in the moderator system.
Subsequently due to PHT pump seal
failures the unit has been in operation
on a 3-3 pumping mode, thus limiting
the maximum generation to 175 MWe.

MAPS-II which went into commer-
cial operation on 21 March 1986 had a
generation of 657 MUs as against a
target of 800 MUs. This was inspite
of a loss of about two and a half
months due to stuck fuel bundles in
the fuel transfer system.

Initially the reactor performed satis-
factorily till August 1986. Going past
the 210 MWe final load throw off test
successfully before the problem in the
fuel transfer system was encountered.
The stuck fuel bundles were retrieved
after a complex operation aided by
CCTV cameras and the reactor was
resynchronised to the grid on 9 Nov-
ember 1986. The unit has been operat-

Rajasthan Atorxic Power Station

ing satisfactorily since then

Narora Atomic Power Project
As per current expectations the cnti-

cality dates of NAPP-I and NAPP-II 3re
July 1988 and June 1989 respecti-
vely. The project has been delayed due
to late delivery of the steam genera-
tors, the first one only arriving in "May
1986 as against the scheduled date of
December 1985. The second and third
steam generators have also been
received and installed. About 80 per
cent of main piping works is over and
installation and alignment of end
shields and calandna has been comp-
leted The start up transformer was
energised and commissioning power
drawn from this source. The revised
estimate for NAPP of 532.84 crores is
under consideration of the Cabinet.

Kakrapar Atomic Power Project
Construction of the mam plant build-

ings is progressing, the calandna vault
:s expected to be ready during the sec-
ond quarter of this year. Calandria and
end shields for Unit-I were also deli-
vered to site. Order for most of the
major equipment have been placed
sufficiently early and they are expec-
ted to be available at the site on time.
Manufacture of steam generators is in
an advanced stage. The orders for
piping work have been issued and
work is currently in progress. With the
present level of activities if is expected
that the project would be completed as
scheduled.

New Projects
RAPP-3&4 has been cleared by the

Government at a sanctioned cost of
Rs 711 57 crores. The station is ex
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A panoramic view of the Madras Atomic Power Station

pected to be commissioned in 1994/
1995.Financial sanction for Kaiga1& 2
is expected soon. The AEC has en-
dorsed a proposal for seeking approval
of the Government for setting up two
units of 500 MWe PHWR. A sanction
of Rs. 162 crores for advance required
for the two units has been accorded.
The detailed project report envisages a
construction time of 108 months from
the date of financial sanction. The capi-
tal cost of a 500 MWe unit has been
estimated at 640 crores at 1985 prices.
It has been decided to adopt four
steam generators of larger unit size in
each reactor.

Safety
The Chernobyl accident has caused

global concern amongst the Interna-

tional community. So far as the per-
formance of Indian reactors is con-
cerned, their safety record till date has
been good. From the point of view of
plant personnel, general public and the
environment, no serious problem has
arisen. Our reactors apart from being
-different in the basic design compared
to the Russian RBMK have also addi-
tional safety features. There is an RCC
containment at RAPS which has a
dousing system for limiting the peak
pressure in case of loss of coolant acci-
dent. MAPS units have prestressed
concrete primary containment and rub-
ble masonry outer containment. The in-
corporation of suppression pool in
MAPS Units has also been standardised
for other units. Full double contain-
ment has been adopted from Narora

An artist's perception of the 500 MWe Atomic Power Project

onwards. Further, there are two inde-
pendent fast acting shut down
systems, low and high pressure emer-
gency core cooling systems (ECCS)
and primary containment Alteration
system as back up features.

During the year NPB was privy to the
detailed report on the Chernobyl acci-
dent as also observations and provi-
sional conclusions from the post acci-
dent review meeting at the IAEA.
These were mainly with respect to the
defence in depth concept, man ma-
chine interface, all of which have been
adequately taken into consideration in
our plant designs. There was also con-
sensus that there should be greater
International cooperation on safety,
less secrecy, greater accountability
and better awareness programmes.

Currently, a group of engineers and
scientists is undertaking a comprehen-
sive review of the Chernobyl accident
with the view to further tightening
operating procedures and safety fea-
tures. Their conclusions and recom-
mendations are expected shortly.

Other Activities
During the year a specialist group was

set up under the chairmanship of Shn
J.C. Shah to examine the steps neces-
sary for converting the Nuclear Power
Board into a Corporation with a view to
improve management response, ef-
fective and quick implementation of
the nuclear power programme and rai-
sing of finance from the market The
Committee submitted its report in July
1986 Cabinet approval is being
processed.

An O & M manpower report exa-
mined the Man/MWe ratio of nuclear
power stations as compared to ther-
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Heavy Water Plant, Nangal
Preenriched hydrogen gas produced

by the electrolytic process is available
from the fertilizer plant of the National
Fertilizers Ltd. as feed to the Heavy
Water Plant at Nangal and further en-
richment is achieved by low tempera-
ture hydrogen distillation. Due to
power constraints in the Punjab and
Haryana region, availability of power to
the electrolysis plant has been restric-
ted and its continued availability has
been uncertain. Based on the action
taken by NFL, the front-end plant,
replacing the electrolytic process, to
produce pure hydrogen will be com-
missioned in 1988. This plant based on
a chemical process followed by pres-
sure swing adsorption for the produc-
tion of pure hydrogen will ensure ex-
tension to the useful life of the Heavy
Water Plant and will be a valuable
source for heavy water. The technol-
ogy for this front-end plant is being
obtained from M/sHaldorTopsoe, De-
nmark with Projects & Developments
India Ltd. as the prime contractor.
Heavy Water Plant, Baroda

Tha Expert Committee, which exa-
mined the performance of the Baroda
and Tuticorin plants earlier, had asses-
sed the limitations, external as well as
internal and recommended various im-
provements and modifications. The
last of the modifications recommen-
ded by the Committee for the Baroda
plant will be completed shortly and the
plant is expected to reach its full poten-
tial in 1987-88, limited only by the
availability of deuterium in the feed
gas. Meanwhile, after achieving a high
stream factor during the previous year,
the plant achieved steady maximum
daily rated capacity providing assu-

rance thereby tha: with the constraints
removed, the plant can reach its full
potential. The most recent modifica-
tions pertain to augmentation of refri-
geration capacity, repairs to the exist-
ing inter stage synthesis gas compres-
sors and installation of an additional
compressor. The installation work for
all these has been completed.

The pilot plant for ammonia water
exchange process set up at Baroda has
provided necessary information for the
design of a front-end plant based on
this process for future heavy water
projects. The internals developed for
the tower for removal of moisture from
the ammonia proved to be quite satis-
factory. This process will be further en-
gineered and packages will be deve-
loped. Such front-ends will free the
plants based on ammonia hydrogen
exchange from dependence on fertili-
zer plants for their source of deuterium.

Heavy Water Plant, Tuticorin
The Heavy Water Plant at Tuticorin

showed very high level of performance
with respect to the availability and daily
capacity achieved. The catalyst in the
ammonia converter was changed and
the performance of the converter
brought up to the original levels of effi-
ciency. Out of the recommendations
of the Expert Committee, the remain-
ing constraints of limitation of reflux in
the extraction tower will be removed
when the ordered recirculating com-
pressor is received, installed and com-
missioned. With the satisfactory perfor-
mance of the final enrichment plant
based on vacuum distillation, the plant
is currently producing only heavy wa-
ter of nuclear grade.
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Heavy Water Plant, Talcher
The plant based on the bithermal

ammonia hydrogen exchange process
was operating satisfactorily to the ex-
tent of availability of synthesis gas and
steam from the fertilizer plant and sub-
ject to internal constraints imposed bv
limitations on certain equipment.

On 29 April 1986 leakage of hydro-
gen from a synthesis gas compressor
and the consequent fire incident
brought operations of the plant to
stand-still. A detailed investigation by a
high power committee constituted by
the Department made certain recom-
mendations for avoiding such inci-
dents in future and improving the
safety level in the plant. These recom-
mendations were implemented and
the plant was completely revamped.
Further, this opportunity was availed to
install the equipment received for the
performance improvement of the
plant and removing limitations due to
certain original equipment. The plant
has now become mechanically ready
for restarting. After stabilisation it is
expected to perform without internal
constraints and subject only to conti-
nued availability of gas and steam from
the fertilizer plant. Though the fertilizer
plant continued to show periods of
steady good performance, overall
annual capacity utilisation did not at

any time exceeded 25 per cent Heavy
water produced from this 'imited sup-
ply of gas would be uneccnomically
costly The decision of the Govern-
ment regarding upgrading of the fertili-
zer plant is awaited. Meanwhile the
heavy water plant will be operated vo
establish the process on a steady basis
and produce such amounts of heavy
water as are feasible.

Heavy Water Project, Kota
This plant adopts dua! temperature

hydrogen sulphide water exchange
process for preenrichment and
vacuum distillation for final enrich-
ment. All the three sections of the pre-
enrichment units were successfully
brought into operation during the year
with the operating pressure main-
tained at half the design pressure. The
performance at this level was ex-
tremely satisfactory and the plant has
also shown high availability as long as
steam was available. This year the
plant was shut down for overhauling
and checking various parts and
equipment which were exposed to
hydrogen sulphide and water for more
than four years during the extended
period of commissioning. It was con-
sidered appropriate and essential to in-
spect the plant for any corrosion or
mechanical disturbance and to carry
out other preventive maintenance

so that the plant could be taken
10 the design pressure in stages
without problems of leakage of hydro-
gen sulphide The plant, is expected tu
be restarted m March 19B7 \/vniie
the plant has shown good perfor-
mance during the last operation, every
shut down and restart brought in pro-
cess and other problems and the plant
took time to reach stabilised steady
operation. As the main reason for the
interruption has been the limitation of
steam supply from the nuclear power
plant, the Government, based on the
very satisfactory initial performance of
the plant, has sanctioned an indepen-
dent oil based steam generation plant
for steady supply of steam to the
Heavy Water Plant. With the commis-
sioning of this steam generation plant
in early 1989 the Heavy Water Plant
will reach its full design capacity m
1989-90
Heavy Water Plant, Thai

The proiect was mechanically com-
pleted during this year on schedule.
Most of the equipment for this plant
were procured indigenously. The high
pressure towers as well as other high
pressure equipment were fabricated,
based on current world class techno-
logy, by Indian manufacturers. The
absence of problems of leakage from
equipment at design and test pres-
sures during commissioning has pro-

Panoramic view of the Heavy Water Plant at Manuguru



vided good testimony to the high qua-
lity of workmanship and quality con-
sciousness exhibited by the Indian
manufacturers. The performance of
the indigenously fabricated exchange
trays for the extraction tower has been
up to expectations.

The plant was built for DAE by the
Rashtriya Chemicals and Fertilizers
Ltd. (RCF) and will be operated by the
latter. The process know-how was
provided by DAE and the detailed en-
gineering was carried out bv the Pro-
ject Development India Ltd. The com-
missioning of the plant involved train-
ing of engineers, supervisors and
operators in the operation of a highly
sophisticated chemical plant.

The availability of operational ex-
perience of the Baroda and Tuticorin
heavy water plants was quite valuable
in this context. The coupling of two
streams of the Heavy Water Plant to
two streams of ammonia plant of large
capacity called for very carefully plan-
ned operational procedures. The plant
has adopted the modern microproces-
sor based distributed digital control
system as against the conventional
pneumatic analogue system adopted
in the Baroda and Tuticorin plants. This
modern instrumentation and control
system required more intensive train-
ing for the operating staff. The plant
went into trial production on 28 Octo-
ber 1986. After solving various initial

problems not uncommon in chemical
plants of this kind of sophistication.the
pJant is expected to reach full capacity
during 1987 The final enrichment sec-
tion in this plant designed by BARC will
ensure that the product from this plant
will always be of nuclear grade and can
be used directly in the nuclear power
station.
Heavy Water Project, Manuguru

The progress of the project, adopt-
ing hydrogen sulphide water exchange
process followed by vacuum distilla-
tion similar to Kota, had been quite
satisfactory during the year. There
were however, delays of a few months
in various areas particularly in piping,
and instrumentation where the non-
availability of the materials caused
constraints on the progress of the jobs
All equipment, static as well as moving
were installed, most of which were
procured from indigenous sources.
The water intake system, the raw
water treatment plant, the deminerali-
sation plant etc. are ready for commis-
sioning. The 15,000 T water chillinq plant
has made significant progress and
installation will be completed shortly.
All the towers, vessels and pumps are
installed. Piping, instrumentation and
insulation works are in progress. The
progress in the captive power plant
was however, not up to the expecta-
tions. For instance, in the external coal
handling system acquisition of small

plots of land required for the ropeway
was held up due to litigation Whiip the
civil works and the manufacture of tur
bogenerator system equipment nvn-jf-
satisfactory progre.cc the r.upply of
boilers has caused concern The oi-
ders for the boilers were placed with
an established manufacturer The
company had, however, applied for
liquidation Legal as well as technical
solutions are being examined to en-
sure minimisation of the delay caused
by this development Except for this
item, the plant is expected to be com
missioned by September 1988 where
as delay on account of further adverse
development with respect to steam
generation plant could be substantial.
Heavy Water Project Hazira

Sanction was accorded by the Gov-
ernment for setting up a plant at Hazira
identical to the one at Thai This two
stream plant of 110 MT year capacity
will draw synthesis gas from the fertili-
zer plant of KRIBHCO at Hazira The
construction responsibility of the plant
has been entrusted to KRIBHCO and
the Projects Development India Ltd.
have been engaged for detailed engi-
neering as well as the procurement
responsibilities for this Project. Pro-
curement action for many packages
has made substantial progress and the
progress is slightly ahead of schedule
at this stage. It is expected that the
plant will be completed in 1990.
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The Nuclear Fuel Complex (NFC) at
Hyderabad continued to manufacture
PHWR fuel and enriched UO2 fuel for
operation of RAPS, MAPS and TAPS
reactors. Commitment towards the
initial fuel charge for startup of NAPP-1
reactor and full charge of zircaloy cal-
andria and part charge of zircaloy cool-
ant tubes for the core assembly of
NAPP-2 reactor were completed. Pro-
duction of special assemblies for FBTR
and special materials were continued.
Further, production of seamless stain-
less steel and ball bearing tubes from
imported mother pipes, conversion of
carbon steel mother pipes from BHEL
to finished products and extrusion of
low alloy steel 'special shapes' for
defence application were carried out.
A draft Corporate Plan for meeting the
requirements of the 10,000 MWe
nuclear power programme for fuel and
zircaloy was formulated.

Fuel & Zircaloy For Power Reactors

Fuel
Two types of fuel.namely PHWR fuel

bundles containing natural UOs, start-
ing with the indigenous magnesium
diuranate (MDU) supplied by UCIL.and
enriched UO2 fuel assemblies starting
with imported UFs are made. PHWR
fuel is manufactured in a battery of two
plants, namely Uranium Oxide Plant
(UOP) and Ceramic Fuel Fabrication
Plant (CFFP). During the year, these
plants met the commitment towards
initial charge for startup of NAPP-1
reactor and towards operational needs
of MAPS and RAPS. In UOP — the
rotary calcination furnace, developed
inhouse was put into operation for
calcination of ammonium diuranate to

U3O8 powder, after initial optimisation.
In CFFP precompaction and granula-
tion equipment were combined and
automated. Further mechanisation in
work centres such as centreless grind-
ing, pellet inspection and doublehead
turning of fuel pencils was initiated.
Two types of manually operated spe-
cial welding units for welding minia-
ture zircaloy spacer and bearing pads
to thin walled zircaloy fuel tubes were
designed and got fabricated. With
these units, the technology of manu-
facture of spiltspacer bundles was
standardised. Consequently, the pro-
duction of wirewrap type fuel bundles
was discontinued.

Parallel to this, action was initiated
for developing a multielectrode weld-
ing unit for achieving uniform weld
strength and higher productivity, One
such unit was put into successful
operation.

Enriched UO2 fuel assemblies are
made in a battery of two similar plants,
namely, Enriched Uranium Oxide Plant
for conversion ot UF6 to enriched UO2
powder and Enriched Fuel Fabrication
Plant for fabrication of fuel assemblies.
These plants produced 14 numbers of
7 x 7 assemblies in addition to the nor-
mal 6 x 6 design for TAPS. These fuel
assemblies are expected to give much
improved performance.

Zircaloy
The production line for zircaloy mill-

products is a battery of three plants,
namely, Zirconium Oxide Plant (ZOP),
Zirconium Sponge Plant (ZSP) and Zir-
caloy Fabrication Plant (ZFP) starting
with the zircon sand mineral supplied
by IRE. ZOP continued to operate at
more than the designed capacity.

Top left: Indigenously designed and fabrica-
ted 7x7 TAPS fuel assembly for improved per-
formance
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For use in ZOP, an indigenously deve-
loped 'fluidised bed caustic fusion unit'
is undergoing production trials In ZSP,
a custom-designed 'water-wash-cum-
alkali scrubber system' is being com-
missioned for further improving indus-
trial hygiene.

In ZFP, manufacture of thin walled
zircaloy tubes and components for in-
house manufacture of PHWR and
enriched-UO2 fuel assemblies conti-
nued as per targets. Towards the
NAPP-2 commitment, all calandna
tubes were supplied. Out of this, about
140 tubes had to be produced each
with different dimensions involving
delicate adjustments in manufacturing
procedures. Part of the quantity of
coolant tubes required for NAPP-2 was
also completed. A new process of
comelting reactor grade zirconium
sponge with zircaloy scrap was intro-
duced. This helped to drastically
reduce zircaloy scrap inventory and en-
abled more efficient 'scrap remelting'
without any compromise in the final
product quality.

Development work on the produc-
tion of Zr-2.5% Nb coolant tubes for both
235 and 500 MWe PHWRs, is at an
advanced stage which will enable to
evolve MEI and QCI and for taking up
the work of production of tubes from
KAPP-II onwards. A major repair work
includes refabrication of outer shell on
both the vacuum annealing furnaces in
record time to meet the production
schedule.

Low alloy steel star extrusions

FBTR Facility
This pilot facility supplied the

Lalance requirement of blanket sub-
assemblies for fuel core of FBTR at
Kalpakkam and also produced 68 num-
bers of 'upper and lower sections' con-
taining ThO2 axial blankets towards
next core replacement. In addition, 2
numbers of special subassembhes of
intricate design for physics experi-
ments in FBTR and 400 kgs of ThCb
pellets for DHRUVA reactor in BARC
were also supplied. Manufacture of
subassemblies for FBTR involved de-
velopment of various precision com-
ponents conforming to stringent
mechanical, dimensional and metallur-
gical specifications for the first time
The plant has now taken up the de-
velopment work of fuel assembly
components required for the 500
MWe prototype fast breeder reactor
(PFBR).

Special Materials
The Special Materials Plant COM,

nued the production of friannpsni""
granules. A-Nb master allov silvp'
indium etc for capnvi use r DAL
Specifically, critical tantalum nuz/ieh
were specially made as an import sub-
situte for OSCOM protect This saved
considerable foreign exchange and
time

Production of high purity mate
rials like gold, gold potassium cyanide,
silver, gallium, antimony, indium, tin
and lead was continued for meeting
the requirements of electronics indus
try. Specially, crude gallium of HINC
ALCO was successfully purified t
99.999% (5N purity) as an import sul
stitution of this strategic material f<
electronics industry Similar work IL
being taken up with crude gallium from
MALCO as a feed-stock for productior
of 5N purity material Further, sele

Tantalum products lor critical industries'applications

mum and tellurium were made for re-
prographic industry and zirconium
powder and zirconium-nickel powders
for detonator industry and defence
units.
Seamless tube production

Based on the production perfor-
mance upto December 1986 and pro-
jections for remaining months, a pro-
duction of 500T of seamless stainless
steel tubes of different grades and
1000T of seamless ball bearing tubes,
restricting to commercial orders, will
be achieved Simultaneously, the spare
capacity of Pilger Mill in Ball Bearing
Tube Plant was ustihsed to manufac
ture carbon steel pipes from mother
blanks on |ob order basis for BHFI
Other organisations are being ap-
proached for similar |ob orders

In the Extrusion and Piercing Press
Installation, seamless tubes of special
steels like STA-59/60. maragmg steel
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etc. were made and job orders execu-
ted for manufacture of inconel, tita-
nium, cupro-nickel and admirality
brass tubes. A major preventive main
tenance on the Extrusion and Piercing
Press installation to overcome leakage
in high pressure iines and to tackle vib-
ration problems was undertaken.

The Tool Room Facility manufac-
tured special tools and dies of intricate
design such as flow forming mandrels
for use by DRDL, dies for extrusion of
square tubes and star section rods,
tantalum flange spinning, extrusion
toolings for finned aluminium tubing
and container tilting assembly for ex-
trusion press installation.

Process development
Efforts towards inhouse innovation

of process and development of auto-
mated and tailor-made equipment and
machinery for critical production lines
were continued. An intensive pro-
gramme was drawn up for manufac-
turing UO2 powder through ammo-
nium uranyl carbonate (AUC) route
with a view to increase the productivity
in the fuel plants. A pilot plant scale
equipment was designed for graphite
coating on the inside of zircaloy fuel
tubes for PHWR fuel required to over-
come the pellet-clad interaction during
inreactor service. Also, the develop-
ment on extrusion of five finned profile
star sections in low alloy steel material
was completed and production scale
work started.
Control Laboratory

For supporting the production pro-
gramme, Control Laboratory carried
out nearly two lakh estimations adopt-

ing several advanced analytical techni-
ques. Techniques we e standardised
for determining impurity contents in
1 'ium metal and also for estimation of
mercury in gallium. In addition, similar
special analytical work was also taken
up for outside organisations like BARC,
UCIL, ECIL, AMD, DMRL, Hindustan
Zinc Limited, MALCO etc ,
Human resource development

Quality Circles movement was in-
ducted during the year. Twelve circles
are presently active in critical areas as a
step towards improving attitudinal be-
haviour, quality, and productivity

A Training Cell was created to impart
orientation and refresher training on a
continuing basis.
Revenue receipts

Based on the production perfor-
mance upto December 1986 and likely
production during remaining months,
revenue receipts for the year is esti-
mated to reach a level of Rs. 45 crores.

Environment
Excellent standard of hygiene and

safety was continued to be maintained
with constant surveillance in and
around unit.

Expansion programmes

Sanction was received for the
revised outlay of Rs. 25 71 crores for
Phase-I expansion of PHWR fuel of
225 T, and zircaloy mill products of 50 T
per annum. Implementation of the ex-
pansion programme mainly aims at re-
placement of wornout equipment and
machinery with parallel induction of
high capacity state-of-the-art equip-

ment and machinery to achieve nigher
productivity and expanded capacity
Most of the mapr equipment and
machinery were ordered Work on
building and utilities is in progress The
project is scheduled to be completed
by end 1987 as per target

Corporate plan
To meet the requirements of the

10,000 MWe nuclear power pro-
gramme, production of PHWR fuel has
to be increased about 6 times 1 e 1500
T and Zircaloy about 5 times 1 e. 250 T
per annum during the next 15 years in
2-3 stages. For technoeconomic rea-
sons, there is need for diversification
of product mix in the tube plants A
comprehensive draft Corporate Plan
has been formulated which envisages
the setting up of following (our new
proiects for the production of PHWR
fuel and Zircaloy

New Zirconium
Sponge Plant
Expansion of Zircaloy
Fab. Plant
New Uranium Oxide
Fuel Plant
Expansion of Fuel
Assembly Plant

600

250

1500

1500

T/y

T/y

T/y

T/y

The above ultimate capacities are to
be attained during next 10 years, prog-
ressively A strategy is being formula-
ted for attaining the capacity progres-
sively either by expansion of the eyist-
ing plants or by setting up new plants
Action is on hand for appointing con-
sultants for the preparation of proiect
reports.

Conld. from page 13

mal power stations. It was found that
the ratio was higher for a nuclear
power station. On the construction
side a 15 per cent reduction was
advocated in construction staff so as to
improve efficiency in manpower utili-
sation at site.

The RAPS-I rehabilitation Commit-
tee submitted its report establishing
the feasibility of replacing the end
shields with a new set of end shields.

A comprehensive document was
prepared by the Reactor Safety Analy-
sis Group relating to distinctive safety
related characteristics of Indian
PHWRs as also the procedures and
practices followed in India to ensure
safety of our nuclear power stations

The following seminars/workshops
were conducted during the year.

• A workshop on Fuel Handling Sys-
tems of Nuclear Reactors was held
at Kalpakkam in February 1986. Seve-
ral papers were presented by spe-
cialists in the field. There were also
several invited talks on subjects
covering the areas of design, man-
ufacture, erection, quality survei-
liance, testing and development
and operational maintenance expe-
rience.

• An Indo-German Seminar on
Nuclear Power was held in Bombay
in March 1986. Experts from the
German nuclear industry (such as

Kraft-Wrek Union, KSB, Interatom),
the Indian companies involved in
the nuclear programme (BHEL,
L&T etc) the Nuclear Power Board
and other units of DAE participated.

A seminar on French Nuclear Indus-
try was held in Bomaby in Decem-
ber 1986. A French delegation con-
sisting of representatives from the
member companies of the French
Association of Nuclear Industries
presented papers highlighting the
state of art in the French nuclear
industry. The seminar was atten-
ded by representatives from Indian
industry, Nuclear Power Board and
various other DAE units
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The Atomic Minerals Division (AMD)
continued its survey, exploration, and
evaluation drilling and underground ex-
ploratory mining to enlarge resource
base of atomic minerals by identifying
larger and economically viable re-
serves in areas under investigation and
new areas of high potential. This was
achieved by an integrated multidiscipli-
nary and conceptual approach, im-
proved models, methodology and
techniques.

The evaluation drilling proved addi-
tional reserves of uranium, a greater
part of which is accounted for by
Mohuldih deposit in Singhbhum dis-
trict, Bihar. Significant progress was
made in resource generation at Bhan-
daritola, Jajawal, Madhya Pradesh;
Turumdih — Keruadungri, Bihar and
Arbail, Karnataka.
Survey for atomic minerals

Aerial survey and remote sensing
techniques: Airborne gammaray
spectrometnc and magnetometnc
(AGSM) surveys and application of re-
motesensmg techniques such as land-
sat and aerial photointerpretation and
computer processing of digital data,
were carried out to narrow down tar-
get areas forground checking. In 1986-
87 airborne surveys were carried out in
pnrts of Gadchiroh and Chandrapur dis-
tricts, Maharashtra cover>ng an area of
8,180 sq km. The target for gammaray
spectrometnc survey was reduced
this year to enable processing and
analysis of the data generated during
the last 4-5 years and for effecting
necessary improvements and modifi-
cations in the sensors used in the
flights More stress was laid on faster
processing of the accumulated data by
using inhouse computer system and

the software developed by AMD. Con-
tour maps for total radioactivity U, Th,
K contents and various ratios like U Th.
LJ'K and Th'K were generated for an
area of 17,310 sq km. Further, the-
matic maps of areas in parts of Bihar,
Tamilnadu, Karnataka and Rajasthan
and digital analysis over an area of
3200 sq km. in Himachal Pradesh, Kar-
nataka were prepared from landsat im-
agery data and passed on for ground
checking.

Reconnaissance survey: About
25,000 sq km of area was covered by
reconnaissance survey. Many new po-
tential radioactive horizons were deli-
neated and extensions of the known
uraniferous zones were traced. Signi-
ficant values of gold were identified in
association with uranium both in the
formations of the Western Karnataka
and in the Siwaliks of the sub-Hima-
layan foot hills. Important uranium
anomalies were located in the quartz
pebble conglomerates of Keonjhar dis-
trict, Onssa and North Kanara district,
Ksrnataka; conglomerates and sand-
stone of Bandara district, Maharashtra
and Madhya Pradesh; fault breccia/
ferruginons breccia 'n Banaskatha dis-
trict, Guiarat; Sunderghar district,
Onssa; Dharwar district, Karnataka;
Mahendragarh district, Haryana;
quartzofelspathic rocks and calcsih-
cate rocks of West Siang district, Aru-
nachal Pradesh; sheared granites of
Pithoragarh district, Uttar Pradesh and
quartzites and phosphorites of Cudda-
pah district, Andhra Pradesh

Among these, the occurrence at
Moqarra in Bandara district of Maha-
rashtra was taken up for exploration
drilling Integrated geophysical sur-
veys were carried out at Arbail North Top left Aerialpholoinierprelnlion



Kanara district, Karnataka and at Antri-
Beharipur area Mahendragarh district,
Haryana. These surveys indicated the
extensions of sulphide bearing ore
bands along the strike in Arbail and the
presence of disseminated sulphide
mineralisation along with uranium in
Antn-Beharipur.
Exploratory drilling: A total of
52574m of drilling was carried out by
the Division and about 9936m of dril-
ling was got done on contract. Part of
the total meterage drilled was for eva-
luation and part for exploratory pur-
poses. Evaluation drilling at Mohuldih,
Turamdih, Bihar,- Bodal, Bhandaritola,
Jajawal in Madhya Pradesh and Arbail,
Shevkar in Karnataka proved signific-
ant additional reserves. Drilling was
continued in other localities like Bhatm,
Garadih, Bagjata in Smghbhum district,
Bmda-Nagnaha in Palamau district,
Bihar, Brijranighad in Tehri district, Ut-
tar Pradesh, Walkunji and Yellaki in
South Kanara district, Karnataka;
Gomaghat and Phlongdiloin in Khasi
hill district, Meghalaya; in Siwalik
sandstone of Hamirpur, Himachal Pra-

desh, and in Saharanpur district, Uttar
Pradesh. Some of these drilling margi-
nally increased the already proved re-
sources in some of the deposits.
Exploratory underground mine
development

A total of 453m exploratory under-
ground mine development was com-
pleted during the year at Bodal in
Rajnandgaon district, Jajawal in
Sarguja district, Madhya Pradesh,
Khya and Andalada in Hamirpur dis-
trict, Himachal Pradesh. This helped in
better understanding of the nature
of ore bodies and increasing the confi-
dence level of the data deciphered
from the subsurface drilling.

A contract was signed with the MECL
for the underground mine develop-
ment at Bagjata in Singhbhum district,
Bihar.

Niobium-Tantalum-Beryllium-REE
investigations

Surveys for niobium-tantalum and
rare earths were continued in Andhra
Pradesh, Karnataka and Madhya
Pradesh.

Because of adequate stockpile ot
concentrates of niobium-tantalum
only one mechanised pilot plant
worked at Marlagalla-Allapaina area in
Mandya district, Karnataka and 4300
kg of concentrate was recovered One
new pilot plant was set up at Sin river m
Madhya Pradesh for recovery of xeno-
time concentrates, a mineral with Y
and other heavy REE About 5 4 T of
cassitente, recovered incidental to re-
coven/ of Nb-Ta minerals from Bastar
district of Madhya Pradesh, was sold
to the Madhya Pradesh State Mining
Corporation at Rs. 2.70 lakhs. Also
5.05 T of beryl was supplied to the
Beryllium Pilot Plant, Vashi, Bombay.

Thorium and beach sand
investigations

Heavy mineral investigations were
carried out over an area of 2 4 sq km in
beach and coastal dune sands in parts
of Kerala, Tamilnadu, Andhra Pradesh
and Orissa. Evaluation of Ten sand'soil
deposits of Tirunelvelli and Kanya-
kumari districts of Tamilnadu and of
Ratnagiri coast, Maharashtra helped to
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identify specific reserves of heavy
minerals which merit consideration for
exploration.
Laboratory investigations

Laboratories at Hyderabad and at
the regional headquarters, handled
during the year many important analy-
tical and research and development
work and provided day-to-day support
to the survey, prospecting and evalua-
tion activities.

As a part of research and develop-
ment, a number of new instruments
were fabricated and efficiency of the
existing system improved. Borehole
logging probes were fabricated for
higher grades, higher temperatures,
and smaller size holes. Fabrication of
logging probe with inbuilt digital data
acquisition system and a prototype 4
channel spectrometer with LCD dis-
plav are in progress for future commer-
cial production.

Samarium neodymium dating was
successfully attempted on six samples
for the first time in India and a high
degree of precision and accuracy was

Shielded probe logging ofBodal Mine face

obtained. Chemical separation of Sm
and Nd was carried out in collaboration
with the Fuel Chemistry Division of
BARC.

Towards the analytical support to
the working units in field, radiometric
analysis of surface samples, borehole
cores and mine samples (12,690),
gammaray logging of boreholes/shot-
holes probeholes (65,575m), radio-
metric assay of boreholes cores
(9,140m) and shielded probe logging of
trenches, pits and mine face (3,605m)
were carried out by the Phvsics Labora-
tories at AMD and various regional
centres. Rare earth element estima-
tion is being carried out by neutron ac-
tivation method utilising reactor facili-
ties at BARC.

Analytical chemistry laboratories at
Hyderabad and other regional centres
carried out a total of 54,169 determina-
tions for different radicals and about
270 samples were analysed for comp-
lete chemical analysis. The two geo-
chemical mobile vans were deployed,
one each at Andhra Pradesh and As-

sam, for on-the-spol analysis and
quick teed back of analytical data As a
result of research and development el
forts, methods were developed loi il ic
extraction and estimation ol rare earth
elements like La, Eu, and Lu Efforts
for the extraction and estimation of Ho,
Tm, Er, and Yb are in progress The
accuracy for estimation of Cu, Nb,
and Au from geological samples
were increased and the procedure
standardised.

In the Petrological Laboratory, urani-
nites from different uranium provinces
in India were studied to understand
their origin based on their U Th
content.

The Mineral Technology Laborato-
ries carried out beneficiation tests for
extraction and better recovery of ura-
nium and other atomic minerals from
ores of different prospects in India.
Significant breakthrough was achieved
in the leachabihty of ores from Goma-
ghat and Arbail areas. Beneficiation
tests on the possible recovery of gold
from both Siwalik sediments of Uttar
Pradesh and Himachal Pradesh. Hima-
layas and the conglomerates of Keon-
jhar district, Orissa were carried out.

Studies were also conducted for the
control of environmental pollution
using biogenic techniques.

X-ray fluorescence, spectrograph
and X-ray diffraction laboratories han-
dled 661, 3555 and 290 samples and
various qualitative and quantitative
determinations for different elements
were made.

Development of software for com-
puter processing of various geological,
geochemical and geophysical para-
meters as well as for the management
information and data base system was
continued.
Collaboration with other scientific
organisations

The Division continued its collabora-
tion in scientific investigations with
sister organisations, Central and State
Government departments and univer-
sities for generation of maximum data
from the available source. Technical
assistance and analytical facilities
available with AMD were extended to
a number of O'j.anisations like MECL,
NMDC, GSI, NLC, HCL and universi-
ties. AMD actively participated in the
geological and seismotectonic evalua-
tion of various reactor sites





PHYSICAL SCIENCES
Nuclear Physics

Charged particle beams from the 5.5
MV Van de Graaff accelerator, 2 MV
Tandem accelerator and the Variable
Energy Cyclotron were used to carry
out a number of new investigations in
the areas of basic nuclear physics, ato-
mic physics and other disciplines.

Proton induced fission of 235U and
23aU was studied at extreme subcou-
lomb barrier energies (1 Mev < E < 4
MeV) for the first time. An anomalous-
ly large fission cross section was
measured indicating the possible pre-
sence of a shallow pocket in the defor-
mation potential energy at large defor-
mations. Fission following inelastic
scattering of 60 MeV alpha particles on
23aU, elastic, inelastic and continuum
scattering of 50 MeV alpha particles on
209Bi, and 6Li breakup by 45 MeV alpha
particles are some of the investiga-
tions carried out using the Variable En-
ergy Cyclotron in Calcutta. From the
excitation function measurements on
the (^ .12C) and (« «) reactions definite
evidence was found for the existence
of intermediate structure resonances
at high excitation energies in the com-
pound nucleus 28Si. As a part of the
BARC-lndiana University (USA) colla-
boration, the giant resonance region
excited in 90Zr and 2oaPb through the
inelastic scattering of 270 MeV 3He
particles from the Indiana University
Cyclotron Facility were measured and
the data were analysed to extract the
sum rule strengths for the various
multipoles present.

Several new detector systems for
experiments with the Pelletron accele-
rator, being installed in TIFR,

Bombay, were designed and taken up
for fabrication. These include a deep
lonisation chamber with two dimen-
sional position sensitivity and a split
anode for particle identification and a
gamma ray sum-energy cum multipli-
city spectrometer with 20 bismuth
germanate detector elements. Making
use of the mass separator in Trombay
and a retarding beam technique, a
slow ion facility was set up to make
direct deposits of enriched isotopes on
thin carbon backings of 10 to 100 gm/
sq cm suitable for use as targets in
accelerator experiments. The proton
induced x-ray fluorescence spectro-
meter installed in the Van de Graaff
beam line was used for a number of
analytical applications. Oxygen ions
from the 2MV Tandem accelerator
were used to study excitation func-
tions of transitions in Oil, Olll and OIV
in the wavelength region 2000 A0 —
5000 A° using the beam foil spectro-
scopic technique. Mean radiative life
times for cascading transitions in OIV
and other transitions in" Oil were also
measured.

Accelerator Programme
The installation of the 14 UD Pelle-

tron accelerator at the TIFR Campus is
in the final phase. The civil, electrical
and air conditioning work in the Pel-
letron building has been completed.
The accelerator beam transport sys-
tem has been installed. Its vacuum
testing is in progress. The assembly of
the user beam lines is underway The
main electrical and electronic wiring
from the accelerator, the wiring of re-
mote controls for various magnet sup-
plies and the installation of various
safety monitoring and interlock sys- Top left: CIRUSandDHRUVA



terns are in p.ogress.
Fabrication of a RF resonator as an

element of the superconducting linac
booster to the Pelletron accelerator
has now been undertaken after initial
electron beam welding trials and satis-
factory formation of copper-copper
welds. Facilities for lead coating and
RF testing are being set up.

Design work, on the 30 MeV cyclo-
tron facility for production of short-
lived radioisotopes to be used in nu-
clear medicine is nearly completed.
The detailed plans for the building and
the services are underway.
Reactor Physics

The nuclear design of NAPP was ex-
tensively reanalysed to prepare the
Physics Design Manual. In this con-
nection, initial and equilibrium core
loadings, core reactivity coefficients,
worths of various reactivity devices in
different reactor states and xenon
transients were recalculated. The loss
of regulation accident (LORA) was ana-
lysed both for primary and secondary
shutdown systems separately. Forthis
analysis various reactivity insertion
rates and different initial powers were
assumed. It was shown that the two
shutdown systems could independen-
tly shutdown the reactor in a satisfac-
tory manner.

For the 500 MWe PHWR, being de-
signed, bankwise worths of adjuster
rod system were estimated for diffe-
rent banking schemes. The rate of
change of reactivity with change in the
levels- of zone control compartments
was calculated. Also the startup of the
reactor after a short shutdown for
about half an hour was simulated. Cer-
tain two-phase aspects of the disas-
sembly regime of hypothetical core
disruptive accidents in fast reactors
were studied both analytically and
numerically.

PURNIMA Experiments: The U-233
fuelled PURNIMA II reactor experi-
ments were completed and the reac-
tor system was dismantled to make
way for PURNIMA III critical experi-
ments. PURNIMA III is a full scale zero
power mock up of the U-233 fuelled
KAMINI reactor with 30 KW power,
under construction at IGCAR, Kalpak-
kam.

KAMINI Reactor: The 4m high stain-
less steel tank for housing the core-
reflector assembly of the KAMINI
reactor was erected in position in the
basement vault at the Radiometallurgy

Laboratories of IGCAR, Kalpakkam.
Erection of the top structure has also
been completed. Piping work for water
system is in progress and biological
shield installation has commenced.
Nuclear Instrumentation channels are
ready and the safety control devices
are being assembled for final tests.
Control panel fabrication and wiring are
underway. Commissioning trials of
various systems would commence
shortly.

Fusion Related Research
For the high power glass laser under

development for the laser fusion pro-
ject, five amplifiers, three optical
relays, one Faraday isolator and one
pulse slicer were commissioned. A
two zone furnace for making glass
microballoons was commissioned.
Glass microballoons of diameter bet-
ween 50-250 microns and wall thick-
ness of 5-10 microns were made in the
furnace. The one dimensional laser
fusion computer code MEDUSA was
updated to handle multilayered shell
targets. Analytical models were deve-
loped for the analysis of Rayleigh-
Taylor instability in solid or shell tar-
gets. The formalism covers both planar
and curved geometry targets. Analyti-
cal profiles for the free expanding
plasma in vacuum were derived.

An extension of the fluid theoretical
formulation predicted the new result
that a perfectly symmetric plasma can
generate a magnetic field sponta-
neously. Based on this theory a model
of Z-pinch experiments successfully
explains some of the experimentally
observed singular features in the cur-
rent waveform.

The prototype capacitors for the
500KJ capacitor bank under construc-
tion at Trombay were tested for their

Neutron spectrometer in DHRUVA reactor

full life and jitter tests are in progress
Spectroscopic plasma diagnostics
measurements were started on the
poorly understood formation phase of
"plasma focus" and "electric gun"
devices.

Condensed Matter Physics
Neutron diffraction and scattering

activities were continued on dual
fronts, namely the instrument deve-
lopment for DHRUVA and experi-
ments at CIRUS. Prominent features in
the former category include design
and fabrication of several new techno-
logically advanced components such
as neutron guides, curved monochro-
mators, linear position sensitive detec-
tors etc. for neutron spectroscopy. On
the experimental side, diffraction ex-
periments on a number of mixed fer-
ntes and alloys were carried out to un-
derstand their magnetic behaviour.
Magnetic quasielastic scattering expe-
riments from the mi;.sd- valence
compound UCus were also carried out
at the Institute Laue Langevin (France)
in a collaborative experiment to eluci-
date the nature of the phase transition
around 1 K. Under the BARC-Ruther-
ford Appleton Laboratory, (UK) agree-
ment, inelastic neutron scattering
measurements were performed lead-
ing to new results concerning the
higher rotational excited states of
NHJ in ammonium chloride, correla-
tion splitting of librational modes of
water in Ba (C i OohhbO and molecular
vibration in glycine. Experiments on
variation of phonon widths with temp-
erature in. a narrow gap semiconduc-
tor/semimetal HgTe were performed.

The high pressure diamond cell
based energy dispersive x-ray diffrac-
tion set up was commissioned. The
electrical resistance measurements of



heavy Fermion UPt3 at room tempera-
ture do not show any anomalies. The
design of a gas gun for launching pro-
jectiles at velocities up to 1.2 km/sec,
for shock wave studies, was comple-
ted. The transformation mechanism of
high pressure body-centred tetragonal
to hexagonal — close-packed phase
change in mercury cadmium alloys
was interpreted in terms of a phonon
mode softening. Valence 2 to 3 change
were identified as the principal cause
of shock anomaly in europium. Calori-
metric and electron diffraction studies
were carried out to investigate the
quasicrystalline-to-crystalline phase
transition in the AleCuMg-i. A theoreti-
cal basis was developed for labelling
the observed diffraction peaks in
quasi-crystals. Investigation into
various aspects of lattice dynamics,
like dispersion relations, thermal ex-
pansion, bulk modulus, anharmonicity
etc. were undertaken through theore-
tical means and/or using the technique
of computer simulation, on C6F3CI3,
TINO3,NH4Br,Mg2SiO4etc.

In continuation with earlier studies
on interaction of the antileprosy drug
DDS, with membranes, further NMR
and calonmetric studies with micellar
and model membranes have indicated
that the drug resides at the membrane
interface and interacts with the com-
ponent phospholipid headgroups. X-
ray diffraction studies revealed large
bare coherence lengths in cybotactic
nematic liquid crystals in the vicinity of
nematic to smectic phase transition.
Frequency dependent specific heat
measurements were performed on
some polymers to elucidate their glass
transition.

The protein crystallography group is
engaged in the studies related to un-
derstanding the structure and function
of biological macromoleculesand their
interaction with drugs. Analysis of the
x-ray diffraction data of crystals of
human carbonic anhydrase complexed
with powerful sulphonamide drugs
have given insight into the mode of
binding of some of these drugs with
the receptor protein and the mecha-
nism of enzyme inhibitatioa by the
drug. The refinement of the structure
of native triclinic hen egg white lyso-
zyme has been completed for the 2A"
resolution x-ray diffraction data with
one of the most accurate reported
enzyme structures.

Low temparature studies oh super-
conducting NbTi wires, manufactured
within the Centre, have shown that

"sausaging" in the filaments in theCu-
matrix is an important factor in affect-
ing the performance of these wires.
Theoretical Physics

In Nuclear Physics, theoretical in-
vestigations relating to phase transi-
tion in nuclear matter, have shown that
the (p.p'ff + •) reaction might exhibit pro-
nounced signals for the precursors to
the pion condensation in atomic nuclei.
The nuclear phase space model descri-
bing pion production in nuclear colli-
sions was further improved to satisfac-
torily explain the most recent data near
the absolute thresholds. Direct experi-
mental evidence for the occurrence of
"pre-equilibrium" fission, a new decay
mode of composite systems formed in
heavy ion reactions, was demonstra-
ted by a study of the entrance channel
dependence of fission fragment aniso-
tropies.

In the area of quantum optics, theo-
retical studies were centered around
the behaviour of atoms in a cavity, co-
operative resonance fluorescence and
optical double resonance. Squeezing
and other quantum features of the
sideband spectrum in the cooperative
resonance fluorescence were investi-
gated. The effects of detuning and
fluctuations in driving fields on optical
double resonance were analysed. A
study of an interesting phenomenon of
intermittent fluorescence associated
with the quantum jump between the
level in a three level system was car-
ried out.

A variety of statistical phenomena
are modelled using stochastic diffe-
rential equations The noise terms in
these models represent in the in-
fluence of the rapidly varying degrees
of freedom on the slowly varying
macroscopic parameters of the sys-
tem. Work done in this area showed
that the nonwhite spectrum of the
noise has decelerating influence on
the relaxation of an unstable system. A
recently proposed stochastic models
for symmetry breaking in molecular
synthesis was also studied.

The versatile path integral method was
used to obtain exact expression for the
two point distribution function and
end-to-end probability function, for a
polymer chain involving harmonic
interactions amongst all molecular
units. Path integral technique was also
applied to study the nature of electro-
nic spectrum in a positionally disor-
dered system. Steiner symmetrization
of the potential for a particle in quan-
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turn mechanics was shown to lead to a
lower bound on the ground state
energy.

Lasers & Spectroscopy
A tunable dye laser pumped by cop-

per laser (CVL) finds many applications
in spectroscopy and photochemistry
Both CVL and dye lasers have been
developed in BARC. A technique to
stabilise the wavelength of the dye
laser using a temperature controlled
Fabry Perot interferometer has been
developed.

A compact and portable optical data
link for linking a main frame computer
to remote terminals has been deve-
loped. The data link uses infrared semi-
conductor lasers and can carry data
over distances of upto 1 km at the rate
of 10 K bits per sec.

As a part of an effort to provide ana-
lytical services to the various units of
DAE nearly one thousand samples
involving 8700 determinations were
analysed. Programmes in basic and
applied research on problems of rele-
vance to the requirements of various
DAE projects are also being pursued.
The studies carried out in the area of
atomic spectroscopy include the eva-
luation of the variation of nuclear mean
square charge radii for all the even
mass number stable isotopes of
erbium. The infrared spectra of several
ion exchange resins were obtained in
order to correlate the cross linking with
infrared spectral features. It is ob-
served that the degree of cross-linking
for any resin could be obtained by the
intensity ratios of the bands in the
800 - 1000/cm region. With a view to
studying the molecular ions generated
in high voltage discharges as well as
excited states of simple molecular
species, an optogalvanic cells have
been constructed and the optogalvanic
signals in low pressure NH3 discharges
have been measured at several wave-
lengths of a line-tunable CO2 laser. The
electronic spectrum of the hydrogen
isocyanide molecule (HNC), has been
obtained for the first time in the flash
photolysis of certain heterocyclic
azoles. The photodissociation of the
alkali dimers NaRb and NaCs mole-
cules were studied for various lines of
the argon ion laser, it was found that
the cross-section for the photodissoci-
ation shows a resonance character
around 4727 A° for NaRb while for the
NaCs molecules such a resonance
character was not found. A one meter
monochromator and the signals detec-



Dye laser developed at BARC

tion and processing systems required
for the inductively coupled plasma
spectrometer have also been de-
signed and fabricated.

Extensive single colour and two
colour ionization experiments in ura-
nium vapour with a tunable dye laser,
were used for identifying a number of
new high lying levels of uranium above
32,000/cm. In many cases J assign-
ments of the new levels could be de-
cided unambiguously. Instabilities and
chaos were investigated in a continu-
ous wave(cw)C02 laser operating in a
single or in two axial modes. Investiga-
tions on the multiphoton excitation and
dissociation of CDF3 were also conti-
nued. In-situ experiments, involving
monitoring of IR fluorescence, were
carried out to determine the isotope
selectivity in the multiphoton dissocia-
tion of a 1:1 mixture of CDF3 and CHF3
using a TEA CO2 laser. Real time cha-
racterization of the CF2 radical was
monitored by optical absorption at 249
rim. IR fluorescence studies on SF6
and CF2CI2 were also continued.

Computers
The computer network providing

data processing services to BARC
scientists is functioning satisfactorily
on round-the-clock basis. To enable a
super-mini computer system to act as
a Remote-Job-Entry-Station for large
computers, the necessary emulating
software and synchronous modems
were developed. With the augmenta-
tion of the computer system, several
new software and hardware projects
were undertaken to optimally use the
increased computational capabilities.

The following software projects have
been started, (i) A 3D solid modelling
package for structural analysts applica-
tions, (ii) Materials-management-
software for all consumables procured
by BARC. Controlled-redundancy, pre-
servation of data base integrity and
user oriented approach are some of
the salient features of this system, (in)
A querry system that supports floating
point data types in data base manage-
ment systems for use particularly with
scientific data bases.

BARC is participating in the experi-
mental packet-switched data network
(PSDN) being operated by the Depart-
ment of Telecommunications. Three
stations have been allotted to BARC,
one station connected to each of the
three nodes at Delhi, Bombay and
Madras over leased lines at a speed of
1200 bits/sec. With this setup, the sta-
tions at Delhi and Madras would be
linked to the computers in BARC

A micro computer based statistical
multiplexer for multiplexing four termi-
nals on a single communication line
has been fully developed and is under-
going field test.

Development of an advanced PC
based multichannel analyser system
has been completed The production
of this unit would be carried at ECIL

Seismology
Continuous monitonnq of global

senmicitv was earned out at the Gaun-
bidanur Seismic Array and all seismic
signals suspected to be due to under-
ground nuclear explosions were ana-
lysed to estimate their location and

yield. Studies in source discrimination
based on spectral energy in the direct
and core reflected phases were con-
tinued to improve the confidence in
identifying seismic sources with en-
couraging results. Local seismicity in
Deccan plateau was examined as re-
corded at Gaunbidanur with particular
reference to a selected region around
Kaiga Technical assistance was given
to the Kamataka Power Corporation to
improve their seismic stations

An indigenously fabricated seismo-
meter was installed at RAPS It has
started giving very useful data on seis-
mic signals of local as well as teleseis-
mic origin

The microrockburst monitoring faci-
lity installed at the Kolar Gold fields,a
joint BARC-BGML project.remained in
continuous operation and enabled the
mining staff to locate accurately the
active region in the area The system
also provided valuable data regarding
the anisotropv and heterogeneity in
the region

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

The Gulmarg gamma-ray telescope
was further augmented to make a
bank of three mirrors, a sky-patrol
channel which monitors the sky trans-
parency conditions was also added A
detailed feasibility study is underway
to better exploit the atmospheric Cere-
nkov technique for gamma-ray astio-
nomy work by the use of narrow-band
optical filters (pass band s i 0 nm) and
extending observations into the ultra-



Gamma-ray telescope at Gulmarg

violet region (-300 ± 10 nm ).The tele-
scope was used to track several cos-
mic sources including Cygnus X-3,
Geminga and the Crab pulser/nebular
region. Observations on Crab pulser/
nebular region are being made in time
coincidence with similar observations
by TIFR at Pachmarhi to study possible
TeV gamma-ray bursts from • this
region.

The analysis of gamma-ray data
from SAS-II and COS-B satellites was
undertaken and it was shown that
Loop I Supernova remnant may be a
source of cosmic rays. Gamma-ray
emissions in the Galaxy as a whole are
shown to correlate with the known
spatial distribution of the supernova
remnants, lending additional support
to the origin of cosmic rays in super-
nova remnants. The variation in the
surface density of molecular hydrogen
with halocentric distance was com-
puted and found to be significantly
smaller than that derived by. radio as-
tronomers. This has important implica-
tions on the origin of cosmic rays and
the stability of the Oort cometary
cloud.

The experiment on the detection of
neutrons produced in lightning dis-
charges was continued. A rare ball
lightning event was also observed near
the detector site.

A study of bone samples from the
Shivaliks was undertaken using the
energy dispersion X-ray technique for
correlating uranium concentration in
bones with vaiious trace elements
found in these samples. As part of an
R&D environmental programme an at-
mospheric ozone monitor with a sensi-
tivity of -0.1 to 99.9 ppb and an
atmospheric hydrogen peroxide sam-
pler-cum-analyzer with a similar sensi-

tivity were fabricated. At RAPS, Kota
Unit 2, an on-line nitric oxide removal
test system was successfully opera-
ted for purification of calandria vault
air. Work was continued on the radia-
tion chemistry of tetracycline to under-
stand the mechanism by which it
degrades in aqueous solutions.

In continued efforts to popularise
the method of radiation sterilisation,
various medical products from the In-
stitute of Medical Sciences Srinagar,
were sterilized by gamma-radiation and
supplied to different hospitals. The ir-
radiation facility was also provided to
the S.K. University of Agricultural Sci-
ences and Technology, Srinagar.
Variable Energy Cyclotron Centre

The Variable Energy Cyclotron (VEC)
at Calcutta maintained the schedule of
three weeks round-the-clock opera-
tion for utilisation followed by one
week of maintenance and develop-
ment. A fast acting gate valve was in-
stalled at the exit beam line of the cy-
clotro'n. This enabled isolation of the
machine mam vacuum system from
the beam transport system in the
event of accidental air admittance at
the users' end in the experimental
cave area. One 3000 l/m turbomolecu-
lar pump was installed at the exit area
of the dee chamber for providing bet-
ter oil free pumping of the accelerating
chamber. The large gasket between
the resonator tank and the dee tank
needed replacement which involved
shifting the heavy resonator tank away
from the magnet assembly and later
reassembling the same.

In the field of research, VECC en-
joyed large scale participation from
more than 25 different research insti-
tutions and universities throughout the
country. Experiments covering almost
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all the aspects of current interest
especially in the held o! iiuonj.r
science such as elastic and mel-jstn
scattering, resonance behaviour it-
heavy ion systems, one and two ii'j
cleon transfer reactions, fission dyna-
mics and break-up and fragmentation
reactions, were earned out

In the field of applied research VEC
was used for production of radioiso
topes for medical purposes and for
Mossbauer studies, radiation damage
studies in materials, developing tech-
niques for the estimation of trace
amount of oxygen in low Z-elements
and for studying wear of moving
machine parts.

A very useful aid to i'll the research
activities came through the develop-
ment of a sophisticated CAMAC based
on-line data acquisition system using
ND-560 computer This has already
been used extensively by several re-
search groups.from various parts of
the country.

Plasma Physics
Bhabha Atomic Research Centre

has been engaged in the study of phy-
sics and technology of thermal plas-
mas in the temperature range 2000 —
20,000 K at atmospheric pressure
Several computer codes were deve-
loped for the calculation of thermody-
namic and transport properties and
dynamics of thermal plasmas with and
without the presence of condensed
species. The thermodynamic and
transport property codes developed
earlier for combustion plasma systems
are being modified for arc plasmas in
temperature range upto 30,000 K. The
codes will be useful in design of plas-
ma torches, high temperature plasma-
assisted reactions and material pro-
cessing. Plasma diagnostic equipment
for the measurement of temperature,
electrical conductivity, species den-
sity, velocity etc. were developed and
tested.

Plasma jet devices based on high
intensity electric arcs were designed
and operated in air and under water.
Recently, the 100 kW submerged plas-
ma cutting torch was operated to cut
uranium, stainless steel and other alloy
plates under water. Plasma sprayed
thin coatings were developed for com
plex graphite assemblies and internal
combustion engines in response to
specific user requirements. In addi-
tion, plasma sprayed coatings of
several mm thickness were also
developed.



Experimental set up for MHD research

MHD Generation.
Under the Magnetohydrodynamic

(MHD) Research Project, sponsored
by the Department of Non-corjventio-
nal Energy, BARC developed the key
components for setting up an experi-
mental MHD plant â  Tiruchirapalli at a
power level of 5 MW (thermal). This
included the design, fabrication and
on-line testing of MHD generator, 300
T electromagnet, special plasma diag-
nostic equipment, high temperature
ceramic materials and control and in-
strumentation system for plant. The
complete data handling system was
commissioned at the MHD pilot plant.
Besides, a microprocessor based
alarm annunciator for 168 parameters
was also installed and commissioned.

After the initial commissioning of
the plant in 1985, two major mile-
stones were achieved during the year.
In April 1986, the plant was success-
fully operated at rated input paramet-
ers with MHD channel delivering, an
output electric power of approximately
3 kW. During September 1986 a 2200
hour plasma run was carried out to test
individual sub-systems.

BARC trained BHEL engineers in
various aspects of the MHD generator,
and transferred know-how on the
channel design, special processing
techniques and plasma diagnostic
equipment.

Currently BARC is engaged in basic
studies on closed cycle MHD systems
based on intert gas and liquid metal. A
100-kW seeded inert gas facility is cur-
rently under studies for plasma fluctu-
ations and instabilities. A compact
mercury-air liquid metal MHD facility
was commissioned and experiments

conducted with varying parameters.
Open circuit voltages of 15mV were
obtained corresponding to a velocity of
3.5 m/s of liquid metal.
Pulse Power And Particle Beam
Technology.

Pulse power techniques and parti-
cle beams have potential applications
in materials research, fusion research,
defence and industry. Pulse power
systems operating at 300 kV and 50-
100 ns duration with energy upto 1000
joule were developed which are being
used for relativistic electron beam
(REB) and plasma experiments. Capa-
citor banks upto 100 kJ energy were
also developed and are being used for
generating pulsed high magnetic fields
and for special applications in nuclear
research. Some of the industrial appli-
cations where the technology deve-
loped here has been put to use are
flash x-ray dynamic radiography and
impulse charging of permanent mag-
nets. Using pulsed high magnetic
fields feasibility has been established
for repositioning of garter springs and
non-thermal joining of metals.

The insulation system of the Tesla
transformer of REB-200 pulse power
system was improved which is being
regularly used for REB/plasma experi-
ments. The 1 kJ pulse power system
(REB-1000) based on deionised water
line was satisfactorily tested at 450kV.
Further tests to operate it at the design
rating of 600 kV are in progress. Charg-
ing supply to charge a 5 kJ capacitor at
the rate of 500 Joules/sec, was also
built for the above system. Based on
the experience gained a scaled-uD
pulse power system of 5 kJ at 1 MV
was designed and fabrication work is
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in progress With some modifications
operation of four of the eight modules
of the 1 00 kJ capacitor bank was satis-
factorily tested for producing pulsed
high magnetic fields of 3 kG in a larpe
volume of 120 litres

Based on the simulation experi-
ments coductea on repositioning of
garter spring located in the annular
space betweer pressure tube and
calandria tube of PHWRs, a detailed
project report was prepared and sub-
mitted to the Nuclear Power Board for
consideration In view of the import-
ance of electromagnetic interference
(EMI) in research and defence, a group
was formed to study the associated
problems.

Pulse shaping results of REB gen-
eration in gas filled diodes were inter-
preted to yield data for formative time
of electrical breakdown in gases A
model was developed to explain the
results of pulse shaping in gas filled
diodes.

Efficient transport of intense REB in
gas and plasma channels is important
in mertial and magnetic fusion re-
search. Transport experiments with
109 watt, 0.25 MeV REB in argon and
hydrogen indicate maximum charge
transport of 75 per cent at a distance of
1m at pressures of 0.25 and 2 torr
respectively. Numerical calculation of
charge transport and plasma current
were also carried out and the calcula-
ted parameters were in agreement
with the experimental results

In view of the above successful ex-
periments in beam generation and
transport in gases around 0.1 torr pres-
sure, a toilless system that is free from
foil damage and replacement is con-
sidered feasible. Hence experiments
in toilless diodes were conducted with
a copper mesh anode and superim-
posed mirror magnetic fields. The ex-
perimental results with 5 KA REB at
pressure around 0.1 torr are being
analysed.

The target plasma required for REB-
plasma studies was generated using
coaxial plasma gun and the plasma
produced was characterised using cy-
lindrical Langmuir probes The typical
electron density and temperature
measured by the probe were in the
range of 1-3 5 * 10'3cm 3 and 5 7 KV
respectively

An area of considerable interest m
beam-plasma interaction is efficient
transfer of eneray from beam to beam



Experiments on REB-plasma interac-
tion using x-ray, microwave and optical
diagnostics are being set up to study
and optimise beam energy coupling to
plasma. A theoretical model for under-
standing plasma heating by intense
REB is also being developed.

Collective ion.acceleration and pulse
neutron generation have important ap-
plications in nuclear research. Numeri-
cal studies of collective acceleration of
ions by REB using single as well as
multiple injection was carried out and
the results indicate the possibility of
accelerating 26Fe* ions to 2.4 GeV in a
transit distance of 10m using 300 KeV,
25 KA, 50 ns REB. REB-1000 system is
being developed for the study of col-
lective acceleration of light and heavy
ions.

The 75 joule, 300 KV REB diode ear-
lier developed is being modified and
redesigned for pulse neutron source
applications
Electron Beam Technology.

Electron beam is an indispensable
tool when working with highly reactive
and high temperature materials used
in nuclear and aerospace industry. First
of the two EB welding machines for
special applications was assembled.
The machine is to be used for welding
of end discs to long thin tubes of high
strength steel. Design of second
machine has been modified to make it
more compact. It is presently under
fabrication. All the major subsystems
of the 80 KW EB melting furnace for
melting of hafnium/niobium are ready
and assembly work is in progress.

Design of a 20 KW EB evaporation
system for metallurgical applications
was completed and all the major sub-
systems are under fabrication. An indi-
genously built welding machine avail-
able in BARC was put to extensive use
for various applications.
Industrial Design

The ultra high vaccum system for
the gravitation experiment, being car-
ried out byTIFR, was completed and is
being set up.

CHEMICAL SCIENCES
Basic Chemistry

The activities were primarily focus-
sed on basic research which embraced
thrust areas of radiation and photo che-
mistry, laser chemistry, reaction dyna-
mics, isotope effects, interfacial phe-
nomena, structural chemistry and
material science. Applied research and
development work on reactor-oriented
programmes, high technology mate-

rials, catalyst development etc., es-
sentially centred on development of
new processes and products were car-
ried out. The nanosecond pulsed elec-
tron accelerator was commissioned. A
100 nanosecond pulsed TEA CO2 laser
was fully commissioned and integra-
ted with the excimer laser kinetic
spectrometer.

An important breakthrough has
been the synthesis of a novel oxide
material of pervoskite structure which
shows superconducting property at as
high a temperature as 38°K. Most of
the known superconductors are in the
range 25°K only.

For the first time direct evidence
was obtained for the formation of CF2
radicals in the CO2 laser induced multi-
photon dissociation of fluoroform and
a novel sigmatropic reaction was ob-
served in the CO2 laser induced dis-
sociation of perfluorocyclopentane.

New chemiluminescent reactions
between samarium and sulphur hex-
afluoride and samarium and carbon
tetrachloride were observed in mole-
cular beam experiments. A theoretical
model involving the formation of
micellar chain formation was proposed
to explain the viscoelastic behaviour of
surfactant solutions and it was sub-
stantiated by detailed nuclear magne-
tic reasonance (NMR) and fluores-
cence life time investigations. Moss-
bauer studies have led to a better un-
derstanding of the rales of excess of
titanium and oxygen-stabilised ternary
Fe-Ti phases in the activation of the
hydrogen storage material .Fe-Ti. A
new and simple approach has been
proposed to find the hydrogen diffu-
sion activation energy in metals using
Mossbauer spectroscopy

A laboratory scale process deve-
loped earlier is being tested in plant
operating conditions at RAPS-2 to re-
move toxic and reactive nitrogen oxide
gases generated in the calandria vault
area surrounding the reactor core, and
it has shown encouraging results. Test
runs proved that the new hydrophobic
catalyst developed for deuterium ex-
change in liquid water is suitable for
continuous operation. A method for
the preparation of aluminium nitride,
the target material for making carbon-
14 by neutron irradiation, was standar-
dised. CaSCM-(Dy) phosphor required
for the manufacture of TLD Radiation
dose measurement badges was pre-
pared in sufficient quantities. Service
analysis was provided for various other
units and outside agencies.
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New research and development
programmes initiated during the yenr
include pulse radiolvsis studies, mves
tigation ot physical phenomena ,;:•,:•»-,
ciated with narrow band formation in
uranium-transitioi, metal intermetal-
lics, synthesis and single crystal
growth of materials for laser windows
and synthesis of boron nitride, a high
technology material
Water Chemistry

Basic and applied research and de
velopment activities pertaining to re-
search and power reactors and heavy
water plants were continued to be car-
ried out. Aluminium turbidity and as-
sociated uranium and radioactivity
were removed from the heaw water
coolant moderatorofDHRUVA reactor
using a weak acid cation exchange
resin loaded with Mg/Mg (OH2). The
resin was specifically developed and
manufactured indigenously for this
purpose.

Studies pertaining to the Task Force
on Safety in Indian Nuclear Power
Reactors were conducted.

The areas reviewed included the
generation of hydrogen through metal-
water reactions and radiolysis, the
combustion of hydrogen and the influ-
ence of hydrogen content of the steam
on chemical speciation of the radio-
nuclides released to the vapour
phase., were reviewed over the temp-
erature range of 500-2800°C.

Chemical decontaminaron of some
of the system surfaces in MAPS-2 was
carried out and significant reduction in
the radiation field was obtained by the
use of specially developed chemical
formulations. Chemical cleaning pro-
cedures were also developed to
remove the scales in the heat exchan-
gers of the Heavy Water Plant, Kota.

Other salient research problems
tackled included experimentation on
the relationship between chlorine
dose, residual chlorine and the reac-
tion time, and detection of halomine
species in chlorinated sea water. Wa-
ter and Steam Chemistry Laboratory,
Kalpakkam continued studies on sea
water characteristics, marine fouling
rates at MAPP Jetty, on water quality
at MAPS open reservoir and for FBTR
cooling tower To carry out activity
transport measurements around the
PHT system of MAPS-I, a rig was de-
signed for calibrating the detector effi-
ciency the rig will simulate pipe sur-
faces of MAPS-I PHT system by using
a standardised point source



Investigations on morpholine based
ion exchange resins required for con-
densate polishing at MAPS were
completed.

Thermal studies of mixed rare earth
chromium oxides and investigations
on morpholine based ion exchange re-
sins were continued. Flourine-19NMR
of ammonium oxyflurovanadates in
solution was studied to determine their
structures. Scanning electron micro-
scope (SEM) studies of sulphide
coated carbon steel were also carried
out to find the species formed with
different time of exposure to sulphide
environment. Mass transport studies
of cobalt-60, nickel-60 and copper-64
in lncoloy-800 were carried out in dif-
ferent temperature ranges and the dif-
fusion coefficients were evaluated.

Instrumental analytical facilities
were augmented. Analytical services
were provided to various units. Advis-
ory services were rendered to the
Central Board of Irrigation and Power
and National Fertilizers Corporation on
problems related to process and cool-
ing water systems.
Fuel Chemistry

Studies were carried out on the che-
mistry of carbide fuels and interaction
of fission products and corrosion pro-
ducts with stainless steel fuel clad.
Equilibrium carbon monoxide pres-
sures over fuel were measured in the
tempeprature range of 1800 to 2000 K
Free energy of formation of com-
pounds of fission products as well as
corrosion products with fuel clad were
determined using solid state electro-
motive force techniques. Studies have
snown that a macroporous resin, Am-
berlite XE 270 has many advantages
over the conventional gel type resin for
the recovery and purification of pluto-
nium. It was used for the recovery and
recycling of Pu during the plutonium
fuel fabrication campaigns.

The need for importing enriched Plu-
tonium isotopes for routine analysis of
Pu was obviated by making use of indi-
genously available 70-90 percent en-
riched Pu-239. Analytical methods
based on alpha spectrometry, spark
source mass spectrometry, atomic
emission spectrometry controlled po-
tential coulometry and amperometry
were developed and standardised for
the quick and accurate analysis of
uranium plutonium, amercium,
curium trace metallic, non-metallic

and gaseous impurities and in nuclear
materials and fuels.

Based on the expertise generated
during post-irradiation studies on nu-
clear fuels a method was developed
for the determination of samarium-147
and neodymium-143 in granite rocks.
This will be useful in the study of
earth's history.

An engineering scale semi-conti-
nuous facility for the preparation of
uranium dioxide microspheres by sol-
gel process on 500 g scale was opera-
ted to obtain design parameters for a
similar facility for plutonium work.
Studies have been undertaken to de-
velop sol-gel microspheres pelletisa-
tion route for fuel fabrication. Prelimi-
nary results are promising. Structure of
a number of uranium compounds and
the mechanism of oxidation of gra-
phite by oxides of actinides and lanth-
anides were determined. Uranium-
233 metal has been prepared for mak-
ing alloy fuel elements for the reactor
KAMINI atKalpakkam.

Radiochemistry
Nuclear and chemical properties of

actinides and fission products were
extensively investigated. Neutron in-
duced fission of Pu-241 and alpha par-
ticle induced fission of U-238 were
studied with the objective of under-
standing the relationship between ex-
citation energy and fragment angular
momentum. Measurement of isome-
ric cross-section ratio in alpha-
induced nuclear reaction on ' • Au
showed the occurrence of preequili-
brium multinucleon emission. Charge-
transfer studies on molecular comp-
lexes using positronium as a probe re-
sulted in important information about
the charge transferring electron and
the mode of quenching of positronium

Studies were carried out on the sy-
nergistic extraction of uranium, ame •
ricium, curium and californium with
various beta diketones and crown
ethers and the nature of extracted
species and the equilibrium constants
for them were determined Complexa-
tion nnd hydrolysis of amencium (Am
III) was studied in the presence of
phosphate, acetate and tartrate over a
wide ranqe of pH as part of the investi-
gation on complexation of actinides
with hqands of environmental import-
ance Electron paramaqnetic reso-
nance studies were carried out on
, imoncium doped barium carbonate
and divalent amencium was detected
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Analytical Chemistry
A project on "Advanced Instrumen-

tal Analytical Chemical Services'with a
prototype facility for Ultra Trace Analy-
sis (UTAL)" was completed in tw
years using indigenous materials an
technology. This is a unique facilit
now operational in India with contro
led clean environment for ultra tract
analysis, the particle density (3=0.5 /.
diameter) and sample handling site it
<100/cu.ft. compared to a density of
>106/cu.ft. in a normal laboratory envi-
ronment. About 2050 samples were
analysed. New and improved analytica
methods were developed for determi
nation of zirconium in steels and mona
zite; alumium in Al -Ni alloy; tungstei
in low grade ores; vanadium in ferrr
vanadium; silver and tellurium in silv
tellunde; traces of impurities in hie
purity silver and lithium and pla
growth regulators., after HPL
separation.

A systematic investigation on the e
feet of conditions of precipitation c
ammonium diuranate on the qualit
and consistency of the precipitate
along with other characteristics mclud
ing thermal behaviour, was earned out
The results and recommendations
were communicated to the end user
who is making the necessary modifica
tions in the plant operation based on
these studies Consultancy services
were provided for the modification of a
normal laboratory area for receipt of
irradiated samples and for radiation
measurement and also in the procure-
ment and commissioning of high resol-
ution radiation measurement systems
for neutron activation analvsis at the
Pune unit of Geological Survey of India

The first phase of the collaborative
work with the Department of Environ-
ment on quality assurance of environ-
mental elemental analysis was
completed

Special analytical services were pro-
vided to various constituent units of
DAE and to outside Institutions like the
Department of Scientific and Industrial
Research. Geological Survey of India.
Defence Science Centre, Physical Re-
search Laboratory, Vikram Sarabhai
Space Centre, Air India, Brooke
Bond In, Ltd (on the advice of Di-
rectorate of Marketing and Inspection)
etc

MATERIALS AND MATERIALS
SCIENCE
Materials
Heavy Water

/\ heavy water final enrichment plant



based on vacuum distillation process
was successfully commissioned with
light water at Thai in Maharashtra
Construction of the final enrichment
plant at Manuguru in Andhra Pradesh
and the upgrading plant at Narora in
Uttar Pradesh are progressing satis-
factorily. The heavy water reconcen-
tration plant at BARC has been operat-
ing successfully and the degraded
heavy water from DHRUVA reactor
was reconcentrated to reactor grade.

Test run of the pilot plant set up at
BARC for the production of high purity
hydrogen sulphide gas directly from
hydrogen and molten sulphurwas con-
tinued and the data gathered from th-
ese runs are being used in the design
of the commercial size plant. A facility
for testing larger diameter distillation
columns for use in the heavy water
upgrading plants to be used with the
500 MWe reactors has been set up.
Setting up of the laser laboratory for
studying the feasibility of laser isotope
separation techniques for production
of heavy water is in progress. The na-
tional deuterium survey for studying
the variation of deuterium content in
different natural water sources was
continued.

Operation of the facility set up for
testing catalytic exchange of deute-
rium gas and tritiated reactor heavy
water using the hydrophobic catalyst
developed in BARC, showed that more
than 80 percent of tritium is removed
at ambient conditions.

Rare Earths and Other Materials
At the request of IRE, an alternate

process for recovery of rare earths
from the hydroxide cake obtained by
monazite processing was developed.
In this process most of the cerium
is separated out from the rare earth
fraction. A process for selective oxida-
tion of cerium, followed by acid leach-
ing to obtain a rare earth chloride low in
cerium was worked out. As an exten-
sion of this work, further recovery of
cerium as well as uranium present in
the cake has also been tested. Plans
are underway to carryout a large scale
testing of the process at IRE, Alwaye.

Studies were continued on extrac-
tion and refining of thorium and lithium
separation of stable isotopes, prepara-
tion of scintillation chemicals and fluo-
rine gas, and recovery and purification
of helium. The pressure swing adsorp-
tion unit for helium purification was
operated to establish the feasibility of
purification by this route.

NM5 enriched nitrogen compounds
were supplied to various institutions
for use in agricultural research Assist-
ance was given for commissioning of
the commercial scale N-15 ennched
nitric acid plant and RCF, Trombay The
plant is based on the process deve-
loped in BARC

Production of plastic scintillation
materials and scintillation chemicals
PPO and POPOP, was continued to
meet the increasing requirements of
various research organisations and
nuclear power plants.

Metallurgy

The molybdenum extraction and re-
covery programmes made good prog-
ress. A 1 KW bipolar cell has been in-
stalled and commissioned to process
molybdenite concentrates in 5 to 10 kg
batches As an alternate to the caustic
fusion process, a reduction roastacid
leaching process was taken up for de-
tailed study for the recovery of tin, nio-
bium and tantalum values from the
cassiterite deposits of Bastar district in
Madhya Pradesh. The process is being
assessed in the rotary tubular furnace
installed in the Tin Demonstration
Plant at Raipur. Investigations were
also taken up to recover nickel from
spent catalysts generated by fertiliser
industries. A process to recover silver
from silver chloride residues was stan-
dardised and the entire amount of
silver weighing about 85 kg was reco-
vered in the pure form from the resi-
dues supplied by IRE. Alternate routes
from the production of capacitor grade
tantalum powder, vanadium metal and
nuclear grade zirconium sponge are
being investigated.

In the field of electrometallurgy,
substantial progress has been made in
the area of electroless coating of nickel
on ceramic bodies suitable for applica-
tion in the making of ceramic to metal
seals. Coatings of Zn-Sn alloy are pre-
sently being developed with a view to
replacing the cadmium electroplating
currently in practice for many engi-
neering applications. A programme on
the development of high strength
composites involving electroplating of
thin films of alternate layers of copper
and nickel was initiated this year.

High temperature refractory mate-
rials developement programme has
been reoriented to meet the growing
demands of advanced technologies
Programmes on the development of
silicon carbide and silicon nitride cera-
mics are being pursued to optimise the
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processing conditions for improvmq
'heir density and strength characteris-
tics Sintered sillimanne qroqs with
pore sizes ranging from nli 6 microns
to 18 1 microns were successfully pre-
pared and supplied to IRE for
evaluation

The Tin Demonstration Plant at
Raipur which was inaugurated in June.
1985 has been operating regularly at
the rated capacity Based on the ex-
perience a Project Report for setting
up of a 10n x 'yr tin extraction plant has
been prepared and submitted to MP
State Mining Corporation.

Work on the development of nio-
bium-titanium super conductor wires
was continued. About 100 kg of 0.5
mm dia 45 filament Nb-Ti wires were
produced for making prototype accele-
rator magnets.

The improved 500A fluorine cell was
operated and the gas produced was
used in the preparation of certain metal
fluorides. A bigger cell of 1500A capa-
city was fabricated and is being instal-
led. A fluorine gas compression sys-
tem was commissioned and operated
satisfactorily. A facility has been set up
to develop various carbon products for
specialised applications.

A process was worked out for the
recovery and recycling of zirconium
from process waste streams like the
acid pickle liquor generated by NFC.

A solvent extraction process for the
recovery of cobalt from some of the
waste streams from the plants of M/s.
Hindustan Zinc Ltd. has been deve-
loped under a collaboration agreement
with them. The process was tested on
a bench scale to produce significant
quantities of pure cobalt sulphate. The
process is expected to undergo pilot
plant trials shortly.

Materials Science

Important thermophysical proper-
ties like specific heat, thermal conduc-
tivity, and hot hardness of mixed
uranium-plutonium carbide and oxide
fuel pellets of different microstructural
and chemical characteristics were de-
termined at different temperatures A
detailed thermodynamic computation
was done on the U-Pu-C-N-0 system
for predicting the composition of diffe-
rent phases at different temperatures

Microstructure and mechanical pro-
perties correlation studies were car-
ried out on laser melted zircaloy-2 and
17-4-PH stainless steel materials



1 KW bipolar cell for leaching of molybdenite

Quantitative fractography was carried
out on impact tested specimens of 17-
4-PH steel to study correlation bet-
ween the fracture surface characteris-
tics and impact energy absorbed in the
ductile-brittle transition region.

A computer programme was deve-
loped for predicting the temperature
distribution in the mixed carbide fuel
pins for FBTR during the beginning of
life utilising the thermophysical data
generated.

Physical Metallurgy
The major thrust was nn the studies

of microstructures and mechanical
properties of Zr 2 5% Nb alloy pres-
sure tubes being processed in NFC in
their effort for perfecting the rolling
procedure of zircaloy-2 sheets used for
calandna tubes

Studies on phase transformations
and mechanical properties of steels
and nickel base alloy used in nuclear
power stations and heavy water plants
were carried out Investigations were
carried out about hydrogen embnttle-
ment of a martensitic stainless steel
used as end fittings of pressure tubes
and about the thermal stability of n
nickel base alloy used as reactor tubes
in heavy water plants

Basic research work in materials
science included studies on zirconium
base and iron base metallic qlnsses.
quasicrystalline structures of alumi-
nium and magnesium base alloys, the
shape memory effect, diffusion in crv
stalline and amorphous alloys and in-
ternal friction in zirconium alloys

As desired by the Commission of En

quiry appointed by the Government of
India to enquire into the cause of the
crash of Air India Boeing 747 'Kamsh-
ka' on 23 June, 1985 over Atlantic,
detailed metallurgical examination of
the recovered parts of the aircraft were
carried out The findings were reported
to the Commission Damage assess-
ment and enquiries to ascertain the
cause of the Talcher Heavy Water
Plant accident occurred on 4 April, 1986
were carried out, A report and recom-
mendations for future actions were
submitted to the DAE Enquiry Com-
mittee

Process Technology
Desalination

Erection work of the 425 cum day
multistage flash desalination plant is
piogressmg Most of the equipment
were installed and installation of piping
is under way The 30 cum day ship-
borne desalination plant is in the final
stages of testing Both the plants are
expected to be commissioned by April
1987 Efforts are being made to trans-
fer the technology for multistage flash
desalination plants

The reverse osmosis brackish water
desalination plants set up at Gujarat
nnd Andhra Pradesh are working satis
factonly, c.itennq to the drinking water
needs of the surrounding rural popula-
tion Reverse osmosis plants of diffe-
rent capacities ranqmg from 20-50
cum day are being fabricated for vari-
ous uses including effluent treatment
in n public sector undertaking and for
radioactive effluent treatment Re
search and development work pertain-

Dearator developed at BARC

ing to polomeric membranes suitable
for sea water deslmation as well as for
industrial applications are being
continued

BARC is represented in the "Tech
nology Mission on Drinking Water in
Village and Water Management" con
stitued by the Department of Rural De-
velopment, for technological inputs to
solve salinity problems and is asso-
ciated with drinking water pro|ects in
Karnataka, Tamilnadu and Guiarat In-
puts, in terms of water analysis, design
and cost estimates for the reverse os-
mosis plants were provided to the
Technology Mission

Hydrogen Production
Fabrication, erection and testing of

equipment, electrical and ventilation
systems and control panel of the 33N
cum 'hr electrolytic hydrogen plant are
nearing completion

Beryllium Technology
Production of vacuum hot pressed

beryllium metal and copper beryllium
ingots from Indian beryl ore was con-
tinued. Based on the experience gained
additional safety measures were in
corporated in the operation of the
plant. About 4T of beryl ore was
processed to produce different end
products and intermediate products in
the production flow sheet which me
luded about 1.5T of ammonium berv
Ilium flounde The Beryllium Plant
met the requirements of both beryl
hum metal and beryllium products ol
the Department ol Atomic Energy and
Department of Space Supplies of cop
per beryllium alloys to private mdust

;TJ



ries were started this year. In collab-
oration with the' Department of Elect-
ronics, action has been taken *n iden-
tify an agency for undertaking the fabri-
cation of various copper beryllium
shapes from the ingots produced in
the Beryllium Pilot Plant. Efforts are
continued to improve the quality of
products and over-all recovery.

Life Sciences
Molecular Biology

Four new mutations affecting UV-
sensitivity of bacterial cells were isola-
ted from an 11-kb DNA clone carrying
gene uvrl for DNA repair. Gene for
streptomycin resistance was self-
cloned. Recombinant DNA technology
was used to get tailored agrobacteria
containing two structural genes in-
volved in nitrogen fixation. These
agrobacteria were used to transfer nif
genes to tobacco plants for further
studies.

A maize cob isolated locally, which
indicated the presence of transposable
elements, was grown for two genera-
tions and several mutations were
obtained.

During soil nitrogen deficiency
cowpea roots secrete substances
which induce the synthesis of rhizo-
bium capsular polosaccharides (CPS)
These in turn induce early symbiosis-
specific plant proteins (nodulins). Host-
induced synthesis of capsular polysac-
chandes was found to provoke root
hair curling leading to enhanced nodu-
lation efficiency Detailed genetic stu-
dies on the various aspects of nitrogen
fixation in plants were carried out.

Structure-function relationship of
the photosynthetic enzyme (RuBP car-
boxylase) and effects of specific and
limited modifications of spinach leaf
enzyme by trypsin were evaluated.
Selective inactivation of NADP-malic
enzyme purified to homogeneity from
maize leaf -indicated the presence of
one histidine 'subunit at or near the ac-
tive site involved in catalysis The en-
zyme d-aminolevulinic acid dehydra-
tnse from maize leaf irreversibly mac
tivated by light in presence of flavin
mononucleotide and the parameters
favouring and inhibiting it were
determined

Eloctropermeabihsation of cell is
being studied for possible application
m medical and bioterhnoloqical re-
search This can be utilised for the
slow release of therapeutic druqs
whenever regular intake of druqs is re

quired. Photoreactivatmg enzyme
from E.coli was purified to homoge-
nieity using an isoelectric focussing
column and its properties were
determined.

Inhibition of amylase activity by
chlorfluorenol was reversed by simul-
taneous application of gibberallic acid
in unsoaked embryoless half seed of
barley. UV-sensitivity of cyanobacteria
correlated to the inactivation of the
photosynthetic electron transport sys-
tem II under conditions which allow
maximal dark-repair of damage to
DNA.

Computer technology was widely
applied in molecular biology research
and some software for this purpose
was also developed indigenously.

Biochemistry
Research programmes on informa-

tion macromolecules, cell control
mechanisms physiological and cellular
response to radiation and environmen-
tal pollutants, metabolic basis of dis-
eased states and biochemical applica-
tions were continued. Cellular control
of enzyme biogenesis were investi-
gated using diverse approaches.

A significant finding from the point
of view of bacterial evolution was
made during the studies in halobac-
teria in the detection of two enzymes
— ribulose biphosphate carboxylase
and ribulose 5-phosphate kinase,
which participate in carbondioxide fixa-
tion. Studies indicated inclusion of
potential anticarcinogens like vitamins,
trace metal, phenolic falvonoids and
other derivatives in the diet can contri-
bute substantially towards body's de-
fence against carcinogenic onslaught
by environmental chemical pollutants
like benzo(a) pyrene, alfatoxin Bi and
nitrosamide Studies were continued
on neuroendocnne mechanisms in
growth, development and differentia-
tion process Role of certain chemicals
in nerve transmission and insulin in cel-
lular metabolism were also investi-
gated Promisinq results were ob-
tmned when urinary piendine levels of
cancer patients and certain substan
ces in the blood samples of persons
with atherosclerohe risk factors were
determined to correlate the findings
with the disease tn use .is diagnostic
tests

A scieeninq programme of human
blool donors was undertaken to quan-
tit.itf-; the drug detoxification process in
terms of activity of enzymes, lympho-

cytic glutathione s-transferases and
three distinct categories of donors
were identified. Determination of pre-
and post-dialysis levels of these en-
zymes indicated that the levels of th-
ese enzymes could serve as indicators
of therapeutic efficacy during kidney
malfunction. A potential candidate for
thrombolytic therapy, an activator of
plasminogen, and banana peel oxalate
oxjdase ideal for determination of uri-
nary oxalate levels and for the preven-
tion of kidney stone formation, were
isolated and tested. Studies on the ef-
fect of dietary fat on the composition
and physiology of biomembranes were
continued. Samples of placentae and
teeth f.om a number of individuals
from the monazite bearing beach areas
of Kerala were analysed to estimate
the uptake of radioactive decay pro-
ducts of thorium

Bioorganic Chemistry
Search for more bioactive com-

pounds were continued with whole
plants and cell cultures derived from
them. A number of natural products
were isolated, characterised, their
structure determined and bioactivities
studied. Antifeedant and insecticidal
activities of several natural and synth-
etic products were determined De-
tailed study on the morphogenetic ef-
fects of plumbagin, isolated from the
plant plumbago zeylanica showed
that it causes retardation of growth,
interferes with cuticle formation and
hatching of eggs and also selectively
stains prothoracic gland cells.

Sex Dheromones of different insects
causing havoc in cotton and okra and
orchard plants were synthesised by
simple chemical methods New and
simple methods were developed for
the synthesis of a plant growth re-
gulator, n-tnacantanol polyclic hetro
compounds, complex chromenes, for
acylation of phenol and for preparation
of a series of acyl compounds, some of
which have showed significant bio-
activity Analytical methods were de-
veloped for the separation and estima-
tion of Rauwolfia alkaloids, furocouma-
rms and sterol Instrumental methods
including 2 D NMR spectroscopv were
used to elucidate the structure of diffe-
rent compounds

Micrnpropaqation of economically
import.ml plants using tissue culture
technique were continued Extensive
field trials of oil palm, mulberry and
sand.ilwood plants developed bv the
method were carried out in collabora-
tion with aqencies like Central Agnail-



tural Research Institute, Mysore and
Sandal Research Centre, Bangalore.
Protoplasts from economically and
medicinally important plants were iso-
lated and plants were regenerated. In-
creased yield of medicinally important
alkaloids could be obtained by further
improving the cell culture techniques.
Sorghum and oil palm plants were re-
generated in the laboratory using
callus
Nuclear Agriculture

New and improved strains of rice,
pulses, oil seeds and jute developed at
Trombay were tested in field trials car-
ried out in different states and by ICAR.
Punjabrao and Mahatma Phule Agricul-
tural Universities and Maharashtra
State Seeds Corporation (MSSC) sub-
stantially increased the area under cul-
tivation for seed multiplication of
pulse varieties developed at BARC.
Agricultural Department of the Maha-
rashtra Government and MSSC distri-
buted about 150T of certified seeds of
pigeonpea and mungbean varieties de-
veloped at Trombay to about 60,000
farmers for cultivation.

A bacterial gene governing kanamy-
cin resistance was successfully trans--
ferred to tobacco leaf discs. Plants
Segregation for kanamycin resistance in
genetically transformed tobacco plants

grown in tissue culture from leaf discs
heritably transmitted the character to
the progeny

Evaluation of nitrogenous and phos-
phatic fertilizers and sewage sludges
were continued. Effectiveness of am-
monium polyphosphate, a newly deve-
loped fertiliser for cereal and pulse
crops, was determined in collaboration
with ICAR in different parts of the
country. This fertilizer blended with
micronutrient zinc was also evaluated
in a vanety of Indian soils.

Studies carried out have shown that
green manuring can be effectively
used as a decontamination method to
remove the residual insecticide hexa-
chlorocyclohexane remaining in paddy
fields.

Salt uptake characteristic of rice cul-
tivars sensitive and tolerant to salt
were estimated using radiotracer tech-
niques. The results indicated cation ad-
sorption inthesalttoleramcultivarwas
comparatively more though anion up-
take was identical in both.

Pest Control
An effective method was developed

to control population growth rate
among potato tuber moth by creating
confusion among feral males by pla-
cing synthetic female phero-
mones in the field. A single autoso-
mal recessive gene was found to be
the cause of red eye character of a
spontaneous mutant that occurred in
potato tuber moth. An extract obtained
from the fruit pericap of thespesia
populnea deterred feeding and ovi
position in spotted bollworm of cotton.
Slow release of spores of bacillus

sphericus form of synthetic briquets in
an aquatic environment could b« effec-
tive to exterminate culex fatigans
larvae. Pest control studies using
female sex pheromones and hybri-
dised insect species were continued.

Food Technology
Development and standardisation of

methods for the preservation of food
and in-situ destruction of pathogens in
edible substances using irradiation
technology were continued. It was
found that without introducing phyto-
toxicity and quality changes, gamma
irradiation of unripe mangoes with a
dose rate upto 75 krad can be used to
destroy the insects which spoil the
fruit during the ripening stage. Studies
have shown that ripe mango pulp
could be kept without deterioration in
quality for four months when packed in
standipack flexible pouches at 93°C
and under nitrogen. It was observed
that pathogens of banana and man-
goes can cross infect other fruit,
susceptibility of fruits to infections de-
pends on characteristics of peal phe-
nolics, pectolytic enzyme complex of
aspergillus niger can be used for ef-
fective masceration of various fruits
such as mango, guava and banana and
an aroma concentrate of ripe totapun
mango was identical with synthetic
mango essence. Ripening of tomat jes
could be delayed and shelf life could be
enhanced by irradiation at 25 Krad and
storage at a temperature of 15°C with-
out affecting its vitamin C content and
colour. Gamma irradiation of Bengal
gram resulted in significant increase in
the polar lipids and fatty acids and re-

Continuous flow system to study labelled pesticides in soil TAP-7 Mungbean variety
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duction in nonpolar lipids without
adverse effects on the sensory attri-
butes. An odourless, colourless and
soluble fish protein hydrolyzate (FPH)
was prepared from a trash fish. A
method to assess the freshness of dif-
ferent fish varieties during storage was
developed based on enzyme activities.
Fundamental studies were carried out
on proteinase present in fishes and on
the blackening process of green pep-
per berry. A new transportable moving
bed onion iradiator for commerical
use was designed and is under fabrica-
tion. Reasons for toxicity formation in
various food articles including ground-
nuts and marine foods were identified
and preventive methods including irra-
diation techniques were evolved.
Nutrition and toxicology studies were
continued. The response of the lyso-
somal enzymes to the stimulants was
found to be selective and specific. The
cells isolated from protein deficient an-
imals showed increased neutral lipids
and cholesterol and significant reduc-
tion in long chain fatty acids. The dose
dependency of the common synthetic
food colorant erythrosine on the mag-
nitude of genotoxicity was estab-
lished. The insecticides endosulfan,
phosalone, malathion and permithrin
were observed to interfere with the
sexual life cycle of chlamydomonas
reinhardtii. Feeding bu'ylated hydrox-
ytoluene at 1 per cent level did not
elicit any reproductive toxicity in mice.
Studies have proved peripheral blood
micronucleus assay as a suitable mea-
sure of induced chron tosal damages in
mice. A simple and rapid method was
developed for the purification of
D-amino acid oxidase from T-variabilis.
Highly stable immobilisaton of yeast
cells on glass surface was accom-
plished by coating it with polyethyle-
mine and this system was used in
the conversion of sucrose to fructose
and gluconic acid Glucose oxidase im-
mobilised in cotton cloth was found to
be suitable for the desugaration of egg
melanage and in the conversion to glu-
cose to gluconic acid A ureolytic or-
ganism having high tolerance to urea
and ammonia was isolated which
could be used for hydrolysmg urea
even at low levels Two useful and
novel enzymes were isolated from
fresh spinach leaves
Radiation Medicine

Experimental studies on laboratory
animals showed increased effective-
ness of radiation or hyperthermia in the
presence of certain drugs in cancer

therapy. It was observed that tumour
growth was completely reduced when
this was applied along with drugs like
trimeprazine and melphalan. Five phe-
nothiazine drugs — chloropromazine,
promethazine, trimeprazine, prochlor-
perazine and trifluoperazine which of-
fered radioprotection to euoxic cells
were evaluated upto 46°C.
RADIOISOTOPES
Radioisotope Production

During the year 1000 samples of var-
ious target materials were irradiated in
the CIRUS reactor for production of
radioisotopes and for neutron activa-
tion analysis. A total of 65,000 consign-
ments of radioisotopes and related
equipment valued at Rs. 2.54 crores
were supplied to various users in the
country and abroad. Important con-
signments were 11 cobalt-60 tele-
therapy sources supplied to cancer
hospitals, 4 gamma chamber units
housing high intensity cobalt-60
sources supplied for radiation research
and a 9.25 x 10l4Bq (2.5 x 104Ci)
cobalt-60 source supplied for a gamma
irradiation facility set up at the Sriram
Institute for Industrial Research. Work
on the project for the utilisation of
DHRUVA reactor for isotope produc-
tion has started. An irradiation contai-
ner for irradiation nf xenon gas under
pressure for the production of lodine-
125 has been fabricated and tested.
Processing facilities incorporating a
modified sequential scheme for fission
products separation are being set up.
Radiochemicals

Various reactor produced isotopes
totalling 3 3 x 1013 Bq (9 x 102Ci) of
activity were processed in 215 batches
during this year About 100 consign
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ments of phosphorus-32 labelled ferti-
liser were supplied for use in agricul-
tural research. 935 tritium-filled light
sources and 927 consignments of
promethium-147 activated self-lumi-
nous compounds were supplied to de-
fence establishments.
Radiopharmaceuticals

Production and supply of radiophar-
maceuticals was continued and over
48,000 consignments of different pro-
ducts were supplied to hospitals and
medical research institutions. About
500,000 patients would have benefit-
ted from the diagnostic and therapeu-
tic use of these products. Uses include
dynamic imaging of various organs, ad-
vanced investigations in cardiology
and nephrology. A series of techne-
tium complexes of fatty scid deriva-
tives were synthesised and characteri-
sed for possible application in myocar-
dial perfusion imaging. The radioim-
munoassay screening test for the de-
tection of hypothyroidism was evaluated
and 5000 samples were analysed. The
method has been found to be highly
effective for the timely detection of
hypothyroidism in new born children
Extension services were continued to
be provided to several hospitals and
medical institutions from the regional
centres for distribution of radiophar
maceuticals set up at Bangalore in Kar-
nataka and Dibrugarh in Assam
Carbon-14, Tritium and Phospho-
rus-32 Labelled Compounds

Labelled compounds of carbon 14.
tritium and phosphorus-32 were sup-
plied to a number of research institu-
tions in the country for the use in gene-
tic engineering, biochemistry, drug re



search etc. Two important phospho-
rus-32 labelled nucleotides, were pro-
duced on a regular basis for supply to
40 users working in the field of bio-
technology. The construction of the
new Labelled Compounds Laboratory
at Vashi, New Bombay is nearing com-
pletion and the laboratory is expected
to be commissioned during 1987. The
laboratory for the production of P-32
labelled nucleotides being set up at the
premises of CCMB, Hyderabad, is at
an advanced stage of construction and
will be commissioned shortly. A wide
range, of labelled compounds and
labelled nucleotides required for re-
search in biosciences will be produced
indigenously when these laboratories
become fully operational.

Radiation Sources
A total of 2350 consignments of sea-

led radiation sources with a total activ-
ity of 3.3 x 1015Bq(8.02x 104Ci)were
supplied to various users. These inc-
lude 5.2x1014Bq (1.4 x 1 0"Ci) of iridium-
192 sources supplied for use in indust-
rial radiography and 9.25 x 10uBq(2.5
x104Ci)of cobalt-60 sources for use in
industry and research and 1.5 x 10 15

Bq (4.25 x 104Ci) of cobalt-60 tele-
therapy sources for cancer therapy.
Twenty three numbers of tritium tar-
gets and sources were supplied for
use in accelerators, electron capture
detectors etc.

Radioisotope Applications

Tracer applications in Industry and
Hydrology

Radiotracer investigations were car-
ried out at a petrochemical complex
near Bombay to detect the leaks, if
any, in the heat exchangers of the
DMT plant. The performance of the
stripping column in the phenol produc-
tion plant of a chemical factory near
Bombay was evaluated using radio-
tracer techniques and the malfunction-
ing section was identified. Residence
time distribution studies in the precal-
cinator of a cement plant were carried
out using short lived radiotracers.

The study of salinity of ground-
waters in coastal Minjur aquifer near
Madras, Midnapore district of West
Bengal and in certain parts of Haryana
was carried out using isotope techni-
ques. The circulation of geothermal
waters at Tatapani in Madhya Pradesh
was studied by measuring the environ-
mental stable isotope and the tritium
content of the geothermal waters.

Radiation Technology
A cobalt-60 radiation facility housing

9.25 x 10'4Bq (2.5 x 10"Ci) of cobalt-60
was designed and commissioned at
the Sriram institute of Industrial Re-
search, Delhi for radiation polymerisa-
tion studies. The design of the 'radia-
tion sterilisation plant to be set up at
the Kidwai Memorial Institute for On-
cology, Bangalore was completed The
construction of the building and fabri-
cation of equipment are in progress
and the facility is expected to be ready
before mid 1987.

Negotiations are underway for set-
ting up of two more radiation plants in
the country for sterilisation of dispos-
able medical products. The civil engi-
neering work of Sewage Sludge Irradi-
ation Facility at Baroda was completed
and the installation of the process and
control equipment is in progress. The
facility is expected to be commis-
sioned by May 1987.

Radiation Sterilisation of Medical
Products

The Isomed Plant continued to
operate satisfactorily and offered
gamma irradiation service for sterilisa-
tion of medical products to about 300
user industries. A total of 5840 cum of
a variety of medical pro-
ducts were sterilised. In order to pro-
mote the use of radiation sterilised
products in medical practice, ready-
for-use products such as drapes and
surgical kits were produced and sup-
plied to several hospitals on a limited
scale. Research and development
work for extending the scope of radia-
tion sterilisation technique to pharma-
ceutical products was continued. Phy-
sicochemical investigations were car-
ried out on a number of pharmaceutical
products and raw materials to estab-
lish the feasibility of sterilising them by
radiation.

Radiography/NucleonicIndustrial
Gauging

Specialised radiography service was
provided for inspection of welds on
equalising line and bypass line to
TAPS, DHRUVA and to Neutron Phy-
sics Division for the installation of a
neutron spectrometer being fabricated
by them. A gamma transmission
gauge using cesium 137 source was
developed and successfully used for
locating the position of fuel element in
the fuel channels of DHRUVA reactor
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REACTORS
DHRUVA Reactor

Based on the results obtained from
detailed analysis of fuel vibration and
from mock up tests conducted on fuel
element in the flow test station in
DHRUVA, design of fuel assemblies
was modified, since the earlier type of
fuel suffered damage due to excessive
vibration..After loading the reactor with
modified fuel assemblies reactor ope-
ration was resumed on 25 November,
1986 and power level was raised to 25
MW. Performance of fuel assemblies
and other reactor systems was tested
at this power level and was found to be
satisfactory. Power level was subse-
quently raised to 40 MW, and will be
raised progressively after gaining ex-
perience. Radioisotope production
was also started soon after raising
power level to 25 MW

During the initial operation phase of
the reactor, it was observed that cool-
ant heavy water was getting turbid due
to erosion of the aluminium cladding of
fuel assemblies. The turbidity also con-
tained uranium and fission product
activities The turbidity and associated
radioactivity was successfully
removed.

Design, fabrication and installation
of special safety lock mechanisms in
all fuel channels, commissioning of
one of the main heavy water coolant
pumps, with a prototype grease
lubricated return stop unit, shifting of
check valves of main coolant pumps to
a zone of streamlined flow, installation
of split bulges in the modified fuel as-
semblies and installation of piping and
instrumentation for emergency core
cooling system were some of the im-
portant activities carried out during this
year Readability of the failed fuel de-
tecting system was improved bv direct
display of linearised signals

Reactor Engineering
Engineering R & D support to the

235 MWe and 500 MWe pressurized
heavy water reactor (PHWR) system in
different areas ranging from analysis,
design, experimental development
and testmq of several important
systems, equipment and components,
to devising and proving schemes for
snlvmq some critical operating
problems ot our nuclear power plants
was continued Development of fuel
handlmo system for 500 MWe proto
type fast breeder reactor (PFBR) and
design and enqineennq of facilities for
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utilisation of DHRLJVA were some of
the other important activities pursued.

Zirconium — 2.5% niobium alloy is
the pressure tube material chosen for
future PHWRs. Experimental develop-
ment of the rolled joints between pres-
sure tubes made of this alloy and end-
fittings for 235 MWe PHWRs was con-
tinued. On the basis of the results, the
design of the joint was frozen to enable
further machining of the end fittings
for KAPP-2. A computer code was
developed for carrying out creep
analysis of PHWR coolant channels.
This code was used to predict the limit
on the life of some MAPS-2 coolant
channels with displaced garter
springs. This analysis is useful in
identifying the stage at which reposi-
tioning of these garter springs would
need to be carried out. Experiments
are being done to develop a mechani-
cal technique for carrying out such re-
positioning. Work has been initiated to
examine the feasibility of detection of
garter spring movement through ana-
lysis of vibration signals measured on
accessible parts. A compact mechani-
cal snubber was designed and is being
tested for incorporation in the energy
absorber devices of the PHWR coolant
channels. Use of this snubber will
eliminate the need for carrying out
periodic creep adjustment of these
energy absorbers involving consider-
able expenditure of man-rems.

Development work on liquid poison
shut-off system for NAPP was conti-
nued to increase its reliability. Assem-
bly of the zircatoy-2 to stainless steel
transition pieces to be incorporated in
the liquid poison shut-off channels of
NAPP-1, was carried out by using thin
sleeve rolled joint technique deve-
loped earlier. The primary heat trans-
port (PHT) pump test facility which had

been used for qualification and accept-
ance testing of NAPP-2 PHT pumps
was adapted for carrying out long term
endurance testing of these pumps.
The testing of KAPP-1 PHT pumps is in
progress. The first two fuelling
machines of NAPP are in an advanced
stage of testing.

The engineering facilities set up
earlier were used to solve some critical
operating problems of power reactors.
A special feeder isolation plug was de-
signed and developed for blocking the
flow in one of MAPS-2 feeders to
permit the repair of a leakage. An inci-
dent causing a prolonged shut down of
MAPS-2 occu rred when a pair of spent
fuel bundles was trapped within the
fule transport port. This situation was
analysed, and gadgets and procedures
required to retrieve these bundles
were developed and tested, and
operation personnel were trained on
mock up facilities set up fcr this
purpose. A special procedure was de-
veloped to solve another operational
problem at RAPS-2, involving a fuel
bundle caught in the snout region of
the fuelling machine.

A proposal to operate RAPS-1 in a
partial core mode which would elimi-
nate hot coolant channels around and
above the defect zone in the end shield
was examined in detail for evaluating
its engineering feasibility. Detailed
calculations on heat generation, temp-
erature and stress distribution in vari-
ous structural parts were carried out.
Work is in progress for developing a
sealing scheme which does not call for
removal of the endshield lattice tubes.

In the field of thermal hydraulics and
safety studies a computer code was

Single beam gamma ray densitometer for void fraction measurement

developed, and validated by compar-
ing with experimental data for carrying
out transient analysis of thermo-
syphon. An analysis was carried out for
a standard problem exercise,
sponsored by IAEA, pertaining to a par
tial cold leg break accident. Design of «
chamber for testing instrumentation
and control cables under simulated
loss of coolant accident conditions
was completed. Hot commissioning of
the boiling water loop is in progress.

Safety and reliability analysis of a
majority of process systems and en-
gineered safety features in NAPP was
completed. In the context of the
Chernobyl accident detailed safety
evaluations of PHWR-was carried out
An exhaustive list of possible reactivity
excursions was drawn up and the
worst cases were studied in detail. The
source term for Indian PHWRs was
estimated for single, dual, triple and
multiple failure scenarios.

As a part of the design and analysis
work for 500 MWe PHWRs, the
mechanical design of the pressurizer
was completed. Theoretical studies
were carried out for estimating the
growth of liquid poison front after in-
jection and corresponding negative
reactivity insertion rates for various
configurations. Preliminary assess-
ment of the internal flow distribution in
calandria was completed. Flow coast
down studies were carried out. De-
tailed stress analysis of PHT system
piping, reactor building under various
loading conditions, and several
components — including calandna
nozzles, end shields, header tee, seal
disc and fuelling machine head —
were completed.

For the first PFBR, part of fuel handl-
ing system is being designed in BARC.
A quarter size model of the inclined
fuel translift mechanism is under
fabrication.

Work for the design and engineering
of several facilities for utilisation of
DHRUVA was continued. With the
completion of fabrication of the control
system both the self serve facilities
were installed and are in the final
stages of commissioning. Piping work
of pneumatic carrier facility was comp-
leted. The plug handling facility to be
used with neutron beam holes is being
assembled. Layout of the cold neutron
guides has been frozen and their de-
sign is in an advanced stage.

Detailed experimental investigat-
ions were carried on DHRUVA



system to simultaneously record vibra-
tion signatures on a large number of
points. These signatures were ana-
lysed in detail with the objective of un-
derstanding the mechanism of vibra-
tion of DHRUVA fuel.

Benefits that can be realised by re-
cyding plutonium in RAPS and the
possibility and usefulness of irradiation
of plain thorium oxide fuel in once-
through mode in a PHWR were evalu-
ated through study of a large number
of cases. An IAEA coordinated re-
search programme on 'Growth
Scenario with PHWR using Thorium
Cycle' was completed.

In connection with the setting up of
the 2 MW in-pile loop in DHRUVA re-
actor for carrying out fuel irradiation
and other experiments, installation of
equipment, piping, instrumentation
control and electrical supply work for
out of pile testing were completed.
Procurement of hanger supports, insu-
lation etc. are in progress. Preparation
of design and safety manuals were
completed.

In the case of the 150 kW in-pile loop
to be set up in DHRUVA reactor, the
flow sheet and control and instrumen-
tation logic were finalised. Some of the
equipment like pumps, valves and
pipes were received. (ThO2-PuO2)
cluster presently undergoing irradia-
tion at CIRUS has completed more than
8000 MWd/T burn-up and irradiation is
still continuing. Design of container
and handling assemblies for the irradi-
ation of xenon in isotope tray rod posi-
tion was completed.

Reactor Analysis
Development of the dynamic model

for the NAPP steam generator has
been completed. This model has been
used to generate open loop dynamic
responses for this type of steam gene-
rator for different disturbances and to
design the control strategies for feed
water control of these steam gene-
rators. Software development for the
training simulator has been
completed. System commissioning at
the Nuclear Training Centre, RAPS has
commenced.

With the help of a comprehensive
computer code developed earlier, ana-
lysis of loss of coolant accident (LOCA)
in the PHWR was undertaken. Simp-
lified analytical models were deve-
loped to predict the temperature trans-
ients in the core by accounting for
metal-water reaction, clad melting etc.

The design response spectra and
spectrum compatible accelerogram
for ground motion were evaluated for
the seismic design of KAPP. Seismic
design basic of various other proposed
PHWRs were also reviewed.

For the proposed 500 MWe PHWR
steady state core thermal hydraulic
analysis, the location of control rods,
shut off rods, and detectors were
completed.
Experimental Reactor Physics

Shielding measurements with first
laminar model were completed at AP-
SARA, and measurements with two
other models were started. Design of
shielding model for advanced reactor
was completed and feasibility of the
measurement programme is being as-
certained. Silicon ingots and discs
were irradiated at CIRUS and APSARA
reactor for studying neutron transmu-
tation doping for the production of
solid state power devices by BHEL.
The basic procedure for startup of
NAPP power reactor was finalised and
some check quantifications are being
examined. A system for on-line
determination of coolant.transit times
in power reactors is being tested. Im-
proved methods for processing noise
data from power reactors methods
and for assessing radiation damage in
reactor materials using damage cross-
sections and damage function analysis
are being set up. Computation of
capture cross-section of thorium, was
completed.
Reactor Control

A microprocessor based failed-fuel-
detection-sytem capable of detecting
very small failures in fuel cladding and
the control system for the pneumatic
carrier facility were commissioned in
DHRUVA reactor. A set of spare shut-
off rod drive mechanisms for the re-
actor were manufactured, assembled
and tested. Design of adjuster rod
drive-mechanism for DHRUVA was
also completed, and a prototype drive
for functional testing was fabricated
and assembled.

Analysis for automatic power con-
trol of the reactor was completed and
microprocessor based regulating and
protection systems were developed.
KAMINI would be the first reactor de-
signed to have direct digital control
scheme with a microcomputer based
regulating system in which all operator
commands are entered through a col-
our CRT monitor and key board combi-
nation. All the required operator ac-
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tions are prompted on the CRT where
the status of tr e reactor states are also
displayed. When the operator keys in
the command to start the reactor, a trip
system check is automatically initiated
and, upon its successful completion,
the command is executed. The reactor
protection system (Trip Logic System)
also is microprocessor based with ex-
haustive self-check features to enh-
ance the safety of the reactor. Upon
detection of fault anywhere in the
system it makes appropriate annuncia-
tion and brings the reactor to a safe
shut down state. An integrated pro-
cess information system, using three
microprocessors configured in two
subsystems and two colour CRTs, was
developed. The first subsystem confi-
gured using dual redundant micropro-
cessor, acquires, plant trip, alarm and
digital status information, actuates the
window annunciation and conveys
change of status and event sequence
information to the second subsystem.
The second subsystem acquires all
process sensor information and pro-
vides it to the operator, organised as
mimics, tables and trend curves on
one colour CRT. It also provides alarm
and event sequence information on
another colour CRT and logs all events
on a printer.

Production of twenty mechanical
shut-off rod drive mechanism for
NAPP-1 reactor was completed. De-
sign of shut-off rod drive mechanism
for 500 MWe reactor was also comp-
leted and the fabrication of prototype
mechanism is in progress.

A computer based control system
along with the manual mode backup
control system for testing two fuelling
machines operating simultaneously in
unison or independently was de-
veloped and commissioned. The
system is being used for calibration
and testing of NAPP fuelling machine
heads. A fuel handling control system,
for NAPP-1 developed around master-
slave computer network was also de-
veloped and commissioned at site.

A microprocessor based channel
temperature monitoring system, an
improvement over the MAPS-I system
was installed at MAPS-II.

Design of four way solenoid valve
for the purpose of indigenisation of
MOROTTA valve was completed A
prototype valve for functional testing
has Leen fabricated and assembled



Beryllium Plant at Vashi.

Reactor Operations, Services and
Maintenance

APSARA and CIRUS reactors con-
tinued to be operated in a safe and
efficient manner. Apart from making
the reactor facilities available for re-
search, radioisotope production and ir-
radiation testing of fuels and other
materials continued to be the major
on-going activities. Fabrication of a
spare calandria for CIRUS is in prog-
ress. Over 2000 radioisotope samples
meant for irradiation in the Trombay
reactors were evaluated for reactivity
effect, heat production and radiation
shielding Design assistance was pro-
vided to users in industry for irradiation
of silicon in CIRUS and trial irradiation
of the same was successfully carried
out. For monitoring the transient
status of xenon-poisoning in CIRUS
reactor, a microprocessor based xe-
non monitor system was developed
and successfully tested. Another
microprocessor based unit was de-
signed, fabricated and commissioned
in CIRUS for monitoring qaseous
fission products.

Over 38,000 samples of water,
heavy water, helium and ion exchange
resins were analysed for chemical con-
trol of APSARA, CIRUS and DHRUVA
reactor systems. Assistance was also
given to other units of DAE for analys-
ing over 200 samples of writer, heavy
water and ion exchange resins

FUEL CYCLE
Ore Dressing

An integrated gravity concentration
flow sheet was developed to max-
imise the recovery of uranium values
from the tailings of copper plants in
Singhbhum and for exploiting low

grade uranium ores from Jaduguda,
Narwapahar and Turamdih and was
successfully tested. It was found that
substantial increase in the recovery of
uranium from ihese sources could be
effected Large scale tests conducted
at Mosabani Plant Site in association
with UCIL showed that more than 40
percent of uranium values could be re-
covered from the Mosabani copper
tailings. Low grade uranium ores re-
sponded to benefication and about 60
to 75 percent of uranium values could
be recovered at an enrichment ratio of
3 to 4 Batch tests were carried out on
different types of low grade wolfra-
mite ores from Degana in Rajasthan for

An ore body

recovery of tunqston shew-"! <-•"
cuuraqing results

A rapid spectrophotometnc method
for the analysis of tungsten >'> •<.)':•
Qr, ideores h.i.s also been sn^d ji-d'^'-d

Studies on the recover of coDDer

values from Malanjkhand copoer ore
and economic minerals frorr, the bench
sands of Kerala, Onssa and.Ratnaqm
by spirals and wet hiqh intensity
magnetic separators were o.>rneo out
at the request of Hindustan
Copper Ltd and IRL respectively
Petromineralogical study of lead-zinc
ores of Rajpura-Dariba and Zawar m
Rajasthan were done with particular
reference to mineralogy of silver Pre-
sence of native silver and ores of silver
were observed Fundamental studies
on improving various aspects ot min-
eral beneficiation and petrommeraloqv
of ores were continued

Uranium Metal Production
Production of uranium metal in the

expanded uranium metal plant was
continued and the metal was made
available for fabrication to nuclear fuel
for DHRUVA and CIRUS reactors

Since the recommissioning of the
expanded plant, only uranium oxide re-
ceived from the fuel fabrication shop
was used as starting material so that
the accumulated reiect oxide matena
could be recycled However, durmc
this year effort was made to recycl
some of the m-plant recoverei
uranium in the form of various concen
trates and also a few batches of yellov
cake received from UCIL It was es-
tablished that all the normally ex-
pected inputs for the plant operation
can be conveniently taken up.

Uranium Fuel Fabrication
About 100 metallic uranium fuel ele-

ments (x-rods) were fabricated and
supplied to CIRUS towards replace-
ment charge In addition, more than
1000 x-rod components and 12
thorium oxide rods (J-rodsl were also
fabricated and supplied to CIRUS For
DHRUVA reactor, 143 metallic
uranium fuel clusters of modified de-
sign, 136 modified aluminium shields,
1 tray rod and 50 ball guides were
fabricated and delivered

Besides. 175 power reactor compo-
nents were nitrided, 1 control blade
was fabricated for use in TAPS. 6
zircaloy neutron beam source assem-
bly components were machined and 6



assemblies were electron beam wel-
ded and supplied to KAMINI reactor,
12 stainless steel mechanical shut-off
rod assemblies were fabricated for use
in NAPP, about 230 thorium oxide ele-
ments were fabricated and supplied
for experimental work on fission/
fusion hybrid systems, 6 uranium alloy
rods were made and supplied to
DMRL, and electron beam (EB) weld-
ing of tantalum protector tubes for acid
recovery plant was taken up for OS-
COM project of IRE and 5 EB welded
tubes were supplied to them.

Work was carried out on the de-
velopment of hollow uranium rods,
fuel surface welding of bearing pads
and spacers on zircaloy fuel sheaths
for PHWR fuel bundles, electropolish-
ing of zircaloy elements, palladium-
silver foils and dispersion-
strengthened copper.

About 400 kg zircaloy-4 strips from
NFC were reduced from 3.4 mm to
0 83 mm thickness by cold rolling in
connection with the spacer grid de-
velopment work for TAPS. A large
number of tubular components made
from special alloy steel were electron
beam welded.

Trial production campaigns with
around 400 kg of UO2 powder were
takenup to suggest ways of improving
the overall efficiency of PHWR fuel
fabrication at NFC. Strict control in
press tooling tolerance and addition of
admixed lubricant wore found to be
very effective.

Quality Assurance
Quality surveillance on fuel

bundles, zircaloy components, coolant
tubes, calandria tubes for PHWRs, fuel
bundles for BWRs, SS strips for HWP,
forged flanges and seam welded tubes
for ChED and fuel pins and some core
assemblies for FBTR were carried out.

For DAE units and other agencies,
material evaluation jobs, specialised
non-destructive testing (NDT), heat
treatment, machining, welding and
mechanical forming jobs on various
materials were also undertaken.

Under an IAEA coordinated research
programme, an eddy-current testing
technique for detection and classifica-
tion of cladding defects in irradiated
nuclear fuel elements was
standardised.

Plutonium Fuel Fabrication
An additional 194 stainless steel (SS

316) clad mixed uranium plutonium
carbide fuel pins were fabricated for

FBTR. This was the first time that high-
dose plutonium was used at Trombay.
Special neutron and beta-gamma
shieldings were provided in the glove
boxes for keeping the personnel expo-
sure to a minimum.

A process flow sheet using the
melting-casting-roll bonding route,
was developed for fabricating
aluminium clad AI-20% U233 fuel plates
forthe neutron source reactor KAMINI
In this connection, -J number of NDT
techniques based on radiography,
ultrasonic and infra-red imaging were
also developed for evaluation of the
fuel plates in terms of micro-
homogeneity and bond quality. Several
dummy fuel plates and subassemblies
were fabricated using natural uranium.
KAMINI core is likely to be delivered
before the middle of 1987.

Sol-gel microsphere pelletisation
(SGMP) is an advanced method for
fabricating ceramic nuclear fuel. The
know-how on the SGMP process is
being transferred to NFC, where a de-
monstration trial was successfully
carried out with UO2 microspheres
prepared by the "internal gelation"
route.
Post-Irradiation Examination

Postirradiation examinations of sev-
eral DHRUVA fuel assemblies, mixed
uranium plutonium oxide (MOX) bun-
dles containing fuel pellets prepared
by the low temperature sintering (LTS)
route, RAPS pressure tubes and some
components of RAPS and TAPS were
carried out.

The PIE of DHRUVA fuel assemblies
provided a data base that helped in
arriving at several design modifications
for improved inpile performance.

The performance of MOX pellets
prepared by the LTS route were found
to be comparable to the enriched UO2
pellets for BWR prepared by the con-
ventional route.

The PIE of RAPS pressure tubes re-
vealed increased yield strength re-
duced ductility and no significant
hydrogen pick-up.

Fuel Reprocessing
Reprocessing of spent fuel from

CIRUS reactor was continued in the
Plutonium Plant at Trombay. Plans for
reprocessing spent fuel from the new
reactor, DHRUVA are being prepared.
At the Power Reactor Fuel Reproces-
sing Plant PREFRE at Tarapur, repro-
cessing of spent fuel from PHW power
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reactors is in progress. In the Kalpak
kam Reprocessing Plant Project
(KARP) detailed engineering design
and procurement and fabrication of
major items of equipment are in prog
ress. Construction of the low block of
the main plant building has been com-
pleted and the construction of high
block which houses the highly radioac-
tive part of the plant is progressing.

The Operations Test Facility in the
Plutonium Plant Complex at Trombay
was commissioned. A number of en-
gineering development studies relev-
ant to reprocessing have beentaken up
to generate vital design information for
the new plants as well as for perform-
ance feedback to the operating plants

After use in the experimental facility
'PURNIMA-II' at Trombay, its spent
fuel uranium-233 nitrate solution was
purified and converted to oxide for
further processing and fabrication as
fuel for the proposed KAMINI reactor
at Kalpakkam.

Design work of the engineering
scale facility to reprocess the irradiated
thorium fuel rods from the research
reactors CIRUS and DHRUVA was
taken up and is progressing
satisfactorily.

Radioactive Waste Management
Construction of the surveillance and

characterisation block of the Solid
Storage Surveillance Facility at
Tarapur, made considerable progress
This block meant for long term product
evaluation is expected to be commiss-
ioned by middle of 1988. Design and
detailing of the Waste Immobilisation
Plant at Trombay for treatment and
conditioning of high radioactive waste
generated in the Expanded Plutonium
Plant (Trombay) is in progress and civil
works have been started

Civil construction of Waste Manage-
ment Plant at Narora (WMPN) is comp-
leted. The installation of equipment
and piping is in progress and
scheduled to be completed by the
middle of 1987. Planning for testing
and commissioning activities is being
done. The facility is expected to be
ready by the end of 1987. Design of
waste management plants at Kakra-
par, for RAPP-3 & 4 and for Kaiga
Atomic Power ProJRCt is progressing
Design of the Tarapur Radwaste
Augmentation Plant Phase-lll
(TRAP-MI) for immobilisation of spent
resins and sludges is also progressing
as scheduled.



Internal view of the Bituminisation Plant of Waste Immobilisation Plant at Tarapur

Waste Management Facilities at
Trombay, Tarapur, Rajasthan, Hydera-
bad and Kalpakkam for low and inter-
mediate level waste from power re-
actors, fuel fabrication facilities and re-
search facilities functioned satisfactor-
ily. The discharge of activity during the
year has been less than 8 percent of
the maximum permissible limits.

Research and development work on
vitrification and chemical barriers in
radioactive waste repositories was
continued. In the experiments
connected with thermomechanical
studies in deep geological formations
under simulated conditions, design
modification in heater layout and
instrumentation has been done and
the experiments are being started
again. The data obtained will be useful
in the development of a repository for
immobilised waste in a deep under-
ground geological formation.

A proposal for setting up an Alpha
Waste Management Facility at Kalpak-
kam incorporating the cost estimates
was prepared and submitted. An
interim facility with two glove boxes is
being installed. Studies were conti-
nued to evaluate the phenol and urea
formaldehyde matrices developed for
fixation of low and intermediate level
beta gamma wastes and tritium con-
centrates. Biological fixation in a fungi
is being tried for treatment of selenium
bearinp effluents.

HEALTH AND SAFETY
Health Physics

Special radiation surveys were con-
ducted during recommissioning and
power operation of DHRUVA, in RAPS-I
and MAPS-II and during fabrication of
mixed carbide fuel pins for FBTR.

Advice was given on the safety as-
pects in the design of 500 MWe power
reactor, Kalpakkam Reprocessing
Plant Project (KARP) and Waste
Immobilisation Plant Project, Trombay.
Safety assessment of Indian nuclear
power plants was undertaken in the
light of Chernobyl accident.

Stand-alone computer systems
were installed in major health physics
units to facilitate radiation protection
data-base management and to im-
prove operational efficiency. A special
training and qualification programme
was introduced for health physics
personnel in nuclear reactor and fuel
reprocessing plants.

Radiation exposures to the radiation
workers of DAE were well within the
permissible limits. Radionuclide

Meteorological tower at RAPS

intakes by employees were also deter-
mined using difierent techniques and
resulting exposures were found
to be within the permissible levels
Analysis of radiation doses to person-
nel in all DAE facilities confirmed the
effectiveness of the radiation protec-
tion procedures adopted

Industrial hygiene surveys were
conducted regularly in all DAE installa-
tions and special attention was given
to all public sector undertakings under
it. The levels of toxic chemicals in the
work environment were found to be
within the threshold limit values in all
the DAE institutions. The accident fre-
quency and severity rates were also
less compared to similar industries in
the country.

Environmental surveys were con-
ducted around all nuclear power plants
and at other DAE sites. The computed
doses to the population due to radioac-
tive releases from these facilities to
the environment were far below the
authorised limits. Radiation exposure
level of a number of persons living
around these installations were deter-
mined, both external and internal, and
was found to be far below the levels
prescribed by DAE which is much be-
low the levels fixed by the International
Commission of Radiological Protec-
tion (ICRP). Periodic measurements of
chemical pollutants in the environment
due to effluents released from NFC,
Hyderabad, Rare Earths Plant, Alwaye,
Uranium Mill, Jaduguda, Heavy Water
Plant, Kota, and Beryllium Pilot Plant,
Vashi were ' und to be well below the



water quality standards prescribed by
Indian Standards Institution ISI) and
the World Health Organisation (WHO)

A VHF-based telemonitoring system
was developed for continuous moni-
toring of ambient radiation levels in the
environment of a nuclear facility and
transmitting the digitised data to a
central processor station.

Several members of microproces-
sor based 4K multichannel analysers,
micro R survey meter, automatic sam-
ple changer and alpha activity counting
setup and spark counter tor counting
of etched track in SSNTDs were fab-
ricated and supplied to tne users. Im-
provements in alpha-ray spectrometry
and etched track counting in SSNTDs
are being attempted in order to mea-
sure very low-levels of alpha emitters
in biological materials.

The distribution of thorium in lungs
whole-body, blood and urine of occu
pationally exposed workers were com
pared with those in general population.
A study has been taken up with Chitra
Thirunal Institute of Medical Sciences
and Technology, Trivandrum, to deter-
mine the distribution of thorium in dif-
ferent organs of laboratory animals.

Under an Indo-French bilateral coop-
eration programme, comparisons are
made between the passive radon per-
sonal dosimeter developed in the divi-
sion and an active dosimeter deve-
loped by CENFAR, France. Studies are
also being conducted on a number of
coordinated research programme
sponsored by IAEA.
Radiological Protection

Radiation safety measures were
continued to be implemented in about
2,800 institutions located throughout
the country where radiation sources
are used for various applications in
medicine, industry, agriculture and re-
search. About 35,000 radiation work-
ers are covered under this scheme.
Indigenous production of thermolumi-
nescent dosimeters was taken up to
replace all the film badges used for
personnel monitoring in a phased man-
ner. Computers are now extensively
used in the analysis and processing of
radiation dose data. About 400 medi-
cal, research and industrial establish-
ments were surveyed for radiation
levels and authorisation and technical
advice was given to a large number of
medical and scientific institutions for
the procurement and installation of
radiation sources. Radiation safety ad-
vice, service and help were rendered

to all radiation source users in the
country including medical, industrial,
radiation sterilization units.

The radiation monitors in various
nuclear reactors were calibrated. An
intermediate energy neutron source of
0.5 KeV energy and a standard of pho-
ton radiation at 60 KeV were estab-
lished for calibration purposes.

Radioactive fall out in India from
reactor accident at Chernobyl in USSR
in April 1986 was extensively studied
as a part of countrywide environmental
monitoring for natural and fall out
radionuclides. A large number of sam-
ples, including, milk-powder, tea,
grass and edible articles were analysed.
Food items imported and meant for
export were also subjected to analysis,
to determine radioactivity levels. The
results showed that radioactivity level
in air, land and food articles were
within the background levels only
Microwave'installations were surveyed
for non-ionising radiation on a routine
basis and indoor radiation measure-
ments were done in Bombay and a
number of other places in India.

Inspection Section
I nspection of various constituent un-

its of DAE was carried out to confirm
the adherence to various factories acts
and laws of the Government of India.
Fresh and necessary guidelines were
prepared for the compliance of the
laws and also safety provisions appli-
cable to nuclear installations.

Radiobiology and Occupational
Health

PAS II cell cytometer which can
monitor distributions of macromole-

Jobs are done in protective clothing

cules such as DNA, RNA and protein in
cell populations as well as physically
sort cells or chromosomes of interest
was inr^alled and made operational.
The technique of flow cytometry was
used to screen testicular biopsies.
DNA distributions of testicular cells ob-
tained from biopsies of 25 patients of
gonadal dysfunction and 6 normal indi-
viduals were studied. Data from flow
cytometric measurements was com-
pared with histopathological and other
clinical findings and good correlation
was observed between the two. This
analysis indicated that the cases of
maturationa! arrest, sertoli cell synd-
rome, Klinefelter syndrome and other
anomalies could be detected rapidly
with ease with this technique.

Antilymphocytic sera (AIS) with
selective immunosuppressive action
is of interest because of its potential
clinical application. A new AIS: AIS(I-
GR) has been prepared that can pro-
long allograft survival in mice. Further,
this AIS is found to enhance the ability
of another immuno-suppressive
agent, cyclophosphamide to prolong
allograft survival in mice.

Gamma radiation has been shown to
Induce suppression of delayed hyper-
sensitivity. The degree of suppression
is found to depend on magnitude of
dose and time point of irradiation with
respect to time of sensitisation.

The cell transfer studies indicate
that radiation causes lymphopenia as a
result of which very few effector cells
are developed. The effector function of
these cells, however, is found to be
impaired by radiation.

Cytogenetic monitoring of newborn



infants and incidence of Down's synd-
rome has been undertaken to study
the incidence of constitutional chro-
mosomal anomalies and its time trend
progression. Cord blood samples.from
62 male and 63 female children born to
mothers in age group of 18 to 39
years collected from B.A.R.C. Hospi-
tal, were analysed. The chromosome
variants observed included D, G group
and Y chromosome.

Monazite Survey Project
Incidence of congenital abnormali-

ties, sentinel phenotypes, morbidity
and mortality rates, fertility indices etc.
in populations residing in high back-
ground radiation and normal back-
ground radiation areas of Kerala
coasts and adjoinging regions, were
continued to be evaluated. All the
newborns are screened for congenital
abnormalities by medical personnel at
the six hospital units identified for this
purpose. In addition to this, karyotype
analysis of consecutive births taking
place in two hospital units have been
undertaken. Chromosomal aberration
analysis of populations residing in both
the areas is being carried out. An
epidemiologic survey was started in
October, 1986.

Studies were continued to evaluate
the extent of chromosome damage in
occupational^ exposed individuals
working in different DAE-Units. Over
396 blood samples were collected
from Madras Atomic Power Station
during March-April 1983. Chromo-
some aberration analysis of 308 sam-
ples has been completed. A total of
46,780 cells were analysed.

ELECTRONICS AND
INSTRUMENTATION

Electronics

CAMAC instrumentation and a
Camac — Crate Controller for IBM-PC
conforming to international specifi-
cations were developed. Electronic
systems for reactor and process con-
trol, personnel monitoring and radia-
tion monitoring systems for NAPP and
instrumentation f or KAMINIreactorand
the pelletron accelerator were deve-
loped and are under fabrication. Failed
fuel detection system based on de-
layed neutron monitoring has been
commissioned at DHRUVA

A radioimmunoassay counter was
developed and fabricated for use in
medical diagnosis and research. A

multiprocessor based 4K data acquisi-
tion and processing system with en-
hanced system capability was de-
signed. A linear array ultrasonic imag-
ing system was developed to view de-
fects in metals. Based on field studies
the design of a microprocessor based
impedance cardiograph was finalised.

A coal ash monitor for estimating
coal and ash content was fabricated
and supplied to Coal India Ltd.

The telecryptor II, earlier made to
function with electromechanical tele-
printer, was upgraded to function with
electronic teleprinter. One such unit
was installed at DAE secretariat, New
Delhi.
Instrumentation

Design, development and produc-
tion of power supply units, radiofre-
quency, power generators, various
types of spectrometers, electronic in-
struments, crystals, detectors, night
vision equipment and other devices
required for nuclear and laser program-
mes were continued.
Pneumatic Carrier Facility

A sequential process controller unit
for controlling the relevant parameters
of the pneumatic carrier facility was
developed and installed in DHRUVA
reactor. This facility enables the samp-
les to be inserted in the radiation zone,
get irradiated for the predetermined
time interval and eject out at the start-
ing point in a sequentially defined man-
ner. The system has provision to iden-
tify the location of the sample in case
of power failure. Manual controls are
also provided for commissioning and
maintenance runs.

Two 600 kW current regulated DC
power supplies for testing reactor
components, a switch mode type 7.5
KV120 mA laser power supply, a 2 KW
27MHz radio frequency power gene-
rator to couple to argon plasma torch
for analysis work and a microprocessor
based hot cathode ionisation gauge
controller for process control applica-
tions were designed, fabricated and
succesfully tested. An ultraviolet
photoelectron spectrometer for
binding energy determination of
valence electrons of solid and gaseous
samples has been designed and is be-
ing fabricated.

TheYAG: Nd laser crystal puller was
installed. The facilities for the charac-
terisation of laser rods were set up. A
novel technique based on 'thermo-
couple pulling' was developed for the
growth of alkali halide crystals. Crys-
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tals of lead germanate, KDP and alkali
halide were grown and infrared detec-
tors, second harmonic generators and
transmitting windows were fabricated
for the laser programme. Surface bar-
rier detector fabrication was continued.

A mass spectrometer for isotopic
analysis of solid nuclear materials with
provisions for multiple sample loading
and automatic data acquisition was de-
signed and is being fabricated. A
Knudsen cell ion source for operation
upto 2500K and meant to be used with
a mass spectrometer for measuring
high temperature thermodynamic
properties of nuclear materials has
been fabricated. A general purpose
double focussing high resolution mass
spectrometer with many special tech-
nical features was designed. The UHV
mass spectrometer for geochronologi-
cal applications for National Atomic
Energy Agency, Indonesia was fabri-
cated and tested and is ready for ship-
ment. A rock argon extraction system
for the above machine was also de-
signed. Two mass spectrometers for
heavy water analysis were fabricated
and commissioned at Thal-Vaishet
Heavy Water Plant and three mass
spectrometers were also supplied for
leak detection.

Special high capacity sorption
pumps and high vacuum valves were
developed for critical applications
involving ultra high vacuum, radiation
and high temperature. An ultra high
vacuum furnace for degassing vacuum
materials at 1000° and 10 r' torr pres-
sure was designed and is being fabri-
cated. A third unit for monitoring
hydrogen concentration in sodium in
FBTR was supplied. A turbomolecular
pumped vacuum microbalance 'or
material analysis was commissioned.

An organic quenched Geiger Muller
tube with silver cathode for neutron
burst counting was successfully deve-
loped. Xenon flash lamps for lasers,
glass to metal seals for canned motors
and level sensor for the Heavy Water
Project, hollow cathode lamps for
spectroscopic analysis and pocket
dosimeters for radiation monitoring
were routinely produced.

The development of 100 microfarad
5 KV DC castor oil impregnated energy
storage capacitors for lasers and
fusion programmes was completed
Ten such capacitors were fabricated
and delivered to the users.

Computer Based Instrumentation
Optical encoders for spectrometer:;



and diffractometers for use in
DHRUVA were developed. 60 pieces
of encoders of 100 counts/rotation
sensitivity were already delivered.
New encoders of sensitivity 500
counts per rotation are under develop-
ment. A prototype of full height turn-
stile gate was developed for the ac-
cess control in DAE establishments.

Details of an image analysis system
based on IBM-PC/XT were finalised.
Hardware for video camera interface,
frame grabbing and image display
operations was designed, and soft-
ware was developed for feature speci-
fic measurements.

A microprocessor based input/out-
put controller for monitoring and con-
trol of magazine and fuel pin move-
ments was developed, tested and in-
stalled for passive gamma scanning of
MOX fuel pins at Tarapur plant. Auto-
mated scanning of 10 fuel pins was
carried out after mechanical align-
ments were made perfect.

Another microprocessor based sys-
tem was developed for weld quality
assurance. A provision was made for
monitoring current, voltage and elect-
rode force during welding. These val-
ues are compared with allowable toler-
ances for weld qualification during pro-
duction. The system was installed at
NFC, Hyderabad.

Control Engineering
The complete data handling system

was commissioned at the MHD pilot
plant at Tiruchirapalli. Besides, a
microprocessor based alarm an-
nunciator for 168 parameters has also
been installed and commissioned at
the plant.

Thirty canned motors with special
glass to metal seal were fabricated and
despatched for pressure testing at the
Heavy Water Plant, Baroda. 54 motors
are installed at Thai which are operat-
ing satisfactorily. Also, 40 motors for
shut-off rod drive mechanism were
manufactured and installed. After suc-
cessful testing of the first prototype 60
KW canned motor, a canned motor of
96 KW rating for PHT pump has been
fabricated.

Indian Railways have decided to
equip 20 motor coaches of the
Bombay suburban train services with
chopper controllers based on the
knowhow developed by BARC. This
knowhow is being transferred to BHEL
and ECIL for commercial exploi-
tation. The engineering design was
finalised for regular production. The

development of microprocessor based
control for chopper equipment has
been taken up. Eight inverter systems
each of 50 KVA capacity, were
fabricated and tested under simulated
load conditions.
Phonetic Coding Project

For uniquely identifying every.citizen
of the country, a compact and self-
checking person-number formula was
evolved. This is based on phonetic
number concept. The basic numerals
are composed of 16 soft consonants
and 8 unambiguous vowels common
to all the Indian languages. They are
easily workable through any Indian
language. Being an extension of
binary, they easily fit into computer
logic.

Pressure Tube Gauging Equipment
A microprocessor based controller

for gauging equipment was designed
and fabricated. This enables position-
ing of linear variable differential trans-
formers (LVDT) along the length of
gauging tube and at various angles of
diameter using stepper motors. The
LVDT data give values of diameters
and sag along the length of the tube.

ENGINEERING SERVICES

Civil Engineering
Civil Engineering Group undertakes

the responsibility for the planning, de-
sign and construction of all the build-
ings and associated infrastructure re-
quired for the activities of this
Research Centre at Trombay.Vashi,
Tarapur, Srinagar and Gauribidanur.
During this year schemes totalling
Rs. 359.51 Lakhs were completed at
Trombay and Vashi. These include
Laboratories for Labelled Compounds and
Reactor Control Systems, office faci-
lities for 500 MWe PHWR group,
DP&S and TSD, workshop facilities for
TSD, Transport Section and road from
Gamma Fields to Trombay village etc.
Civil works for the waste Immobilisa-
tion Project, workshops of Reactor
Control Systems and a Laboratory for
Labelled Compounds and allied facili-
ties, totalling Rs. 1349 lakhs, are
at various stages of implementa-
tion. During this year new works total-
ling Rs. 11.10 lakhs for a helipad and
FRD guard house were taken up. The
schemes under planning are expected
to cost Rs. 186.80 lakhs This includes
laboratories, electron accelerator
building for ISOMED, glass house for
biological studies and residential
facilities for medical officers. An
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amount of Rs. 72 lakhs was spent for
the maintenance of various facilities at
Bombay.

In Tarapur construction of the sixth and
seventh sets of RCC trenches for radio-
active waste management, boundary
walls for SWMF, construction of resi-
dential quarters etc. at a total cost of
Rs. 190.3 lakhs is under progress.
Plans for the hospital, School Complex
and Staff Recreation Centre were fina-
lised. New buildings are proposed to
augment the present facilities of NRL
at Srinagar.

Architectural Section continued to
render artchitectural services in de-
signing buildings for BARC, NPB and
for other units under DAE including
aided institutions like TIFR, SINP, etc.

Architectural services were provi-
ded to other departments and outside
agencies which included the Depart-
ment of Electronics (Society for
Applied Microwave Electronic Engi-
neering and Research), Department of
Science and Technology (National In-
stitute of Immunology) and Institute of
Hotel Management, Catering Technol-
ogy & Applied Nutrition, Bombay.
Electrical and Mechanical Services

Operation and maintenance work of
all the electrical installations, air condi-
tioning plants, ventilation systems,
pneumatic controls, hydraulic and vac-
uum systems, cranes and water sup-
ply facilities, etc. was carried out.
Electrical and mechanical services for
nine projects at Trombay. Tarapur and
Srinagar were completed and commis-
sioned. Four major projects at
Trombay, Tarapur and Vashi are at vari-
ous stages of implementation.
CENTRAL WORKSHOP

Central Workshops laid greater em-
phasis on development of new techni-
ques and processes and ventured on
new designs for development of
equipment for R&D work for the De-
partment during the year. A low pres-
sure casting method for getting pre-
mium sand casting in high yield alumi-
nium alloys was developed. This tech-
nique was adapted for nuclear grade
components for CIRUS reactor for age
hardenable AI-4.5% Cu and was used
in conjunction with investment casting
method for spacers in large qualities
for DHRUVA reactor. Prototypes have
been made and successfully proven by
the development of diffusion bonding
process for seal discs for PHWRs. Pre-
liminary work was completed for
adapting the explosion cladding techni-
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Spent Fuel chopper
que for manufacture of heat exchan-
gers for nuclear duty. Manufacturing a
full charge of 70 nos. of catalyst tubes,
involving lnconel-600 and lnconel-800 H
was undertaken. A unique neutron
radiography rig was designed and
manufactured for IGCAR work handl-
ing unit for RMP for high precision
welding by electron beam (EB) pro-
cess has been designed and fabricated
indigenously. Another heavy duty unit
for general purpose was also designed
and manufactured for developing vari-
ous EB techniques for in-house use.
Developing of different types of
goneometers were also undertaken.

Design and development of several
other equipment for various purposes
are under progress. This includes a 5
MeV medical cyclotron, air cushion
based spectrometer, different types of
scattering chambers, centrifigual
extraction bank, and a 5 KJ caster
bluemlein pulse generator.

Mechanical and fabrication services
and expertise were provided to various

Pneumatic pick-and-place robot

constituent units of DAE. Some of the
major works completed are degas heat
exchangers, In-core flux in mapping
assemblies, filler vessels, compo-
nents for secondary shut down sys-
tems, end fittings and linear tubes for
KAPP-II, fuel cluster assembly compo-
nents for DHRUVA and spherical sec-
tor analyser and electrolytic cells in
monel, development of radiation fre-
quency resonator, precision scanning
stage assemblies for fuel scanning,
precision chambers for hadron calori-
meters are some of the jobs presently
being carried out. The transport main-
tenance unit continued the mainte-
nance of all vehicles in BARC. The
centralised transport complex project
has been completed.

Remote Handling and Robotics
For the proposed 'Nuclear Robot

Project' work was started on several
fronts. A servo robot driven by AC
servo motors capable of lifting more
than 5 kg is nearing completion. Con-
trolled by a computer, it will be suitable

Automatic capsule assembly system

for use in hot cells for dismantling and
reconstitution of irradiated fuel from
fast reactors The walking mechanism
of a mobile, six legged walking robot is
currently being assembled and will be
ready for evaluation of the configura-
tion in early 1987 Each leg will be con-
trolled by a microprocessor which in
turn is controlled by another 16 bit
computer. It will perform diverse tasks
in nuclear installations and could be
controlled by wireless means by high
level commands. It is expected to sub-
stitute man in highly radioactive areas
The robot needs only little maintenance
and will have long life. For handling
Plutonium based fuel in PREFRE ex-
pansion projects development and
production of small robots was taken
up. Conveyors and other requirements
are also being developed. Prototypes
are expected to roll out shortly.

A pneumatic pick and place robot
was developed and installed at NFC,
for automating the oxide fuel fabrica-
tion plants. An automated radioisotope
capsule assembly system of the pick
and place type was conceived, de-
signed, constructed and installed in
the hot cells of Radiation Technology
Division. The system can assemble
and weld sources of different
strengths automatically and remotely.
A prototype scale model of remotised
drum closing and sealing for use at
waste management cell at NAPP was
designed, fabricated and has been
tested successfully. A servomanipula-
tor suitable for operation in hot cells
without windows, using TV viewing is
under development. This will result in
substantial savings in foreign ex-
change. First power manipulators
indigenously manufactured based on
know-how transferred from BARC and
having capacity of handling 50 kgs. will
be available for use in early 1987.

Lll



5 axis articulated robot

Design, development, fabrication
and also procurement of several spe-
cialised and remote handling equip-
ment for various units of DAE was
undertaken. Some items are re-
mote pipe cutting and welding equip-
ment, remote ultrasonic inspection for
piping precision ultrasonic probe man-
ipulator, macrograph, remote diameter
measuring jig etc.

Technical Information
BARC Library has nearly 760,000

publications consisting of about
79,000 books, 57,000 bound volumes
of periodicals, 19,920 patents and
standards and about 640,000 technical
reports. Library regularly receives
more than 1800 scientific and techni-
cal journals published from India and
aborad. Most of the activities of the
library are now computerised making
full use of the PRIME 450 computer
installed in the premises. Circulation of
books is computerised. A catalogue of
the technical reports is being prepared
on the computer for easy retrieval of
information.

India continued to participate in the
International Nuclear Information
System (INIS) of IAEA and all the relev-
ant titles published in India were added
to INIS data base. Computer based
facilities are now available for scien-
tists in the organisation for dissemina-
tion of bibliographic information as per
the requirements from INIS output
tape received from IAEA. Necessary
software for this purpose was indigen-
ously developed. In order to train the
DAE scientists and engineers on the
use of the INIS data base available on-
line on the ND computer, two training
programmes were conducted. Library

maintained its position as the largest
library in Asia in the matter of nuclear
energy and related fields.

During this year a number of techni-
cal and scientific reports, brochures
and other publications pertaining to the
activities of BARC were brought out.
The BARC highlights were also pub-
lished for the first time. A data base
related to the catalogue of the available
books was created and is being con-
tinuously updated.

A proposal is being prepared to set
up optical disc based computer
system to store and retrieve photo-
graphic and text images.
Translation

Translation of technical reports and
scientific articles were done from
French, German, Italian, Japanese and
Russian languages at the request of
scientists and engineers of BARC and
other constituent units of DAE. Copies
of the translations were deposited in
the National Science Library, New
Delhi for the National Data Bank of
Translations. Interpretation service in
foreign languages was also provided
on many occasions.

Landscaping
Landscaping was done on about

18,000 sq cm area in Trombay and
Anushaktinagar. Rejuvenation of about
3000 sq cm garden in Trombay was
also carried out. About 250.000 sapl-
ings of various types were planted and
about 50 kg seeds of different types
of trees were sown on Trombay Hills
for afforestation purposes. A large
number of trees and shrubs were plan-
ted at the Centre for Advanced Tech-
nology and the surrounding hill at In-
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dore. Landscape plans for various units
of DAE were prepared.
Contributory Health Service
Scheme

The scheme at presen* covers
62,620 beneficiaries. BARC Hospital
and zonal dispensaries continued to
extend diagnostic and therapeutic
facilities to the beneficiaries. About
4,50,000 patients availed the CHSS
facilities.

In addition to a totaj of 23 beds in
special areas like labour room, casualty,
pre-and postoperative rooms, the bed
strength in the BARC hospital is now
169.

Active family welfare programme
was carried out during the period of
report. More than 200 medical termi-
nation of pregnancy cases and more
than 200 permanent sterlizations were
carried out. The infants addition to the
Scheme was around 850 and annual
birth rate is 13.46 per thousand The
Social Sen/ice Section continued to re-
nder assistance to the beneficiaries
Radiation Medicine Service

Activities of the Radiation Medicine
Centre can be broadly grouped under
(i) Clinical services, (ii) Research and
development and (iii) Training.

Clinical Services:
Clinical services extended to the

patients attending the Centre included
a variety of in-vivo imaging and non-
imaging investigations like static and
dynamic scintrigraphy, nuclear hae-
matology radionuclide thereapy and in-
vitro diagnostic tests such as radiotm-
munoassay (RIA) of thyroid related
hormones, human growth hormone,
serum thyroglobulin estimations and
detection of the presence of tubercular
antigen and antibodies. A total of 5,780
new patients attended the Centre and
more than 22,000 investigations were
carried out during the year.

The newly acquired single photon
emission tomographic camera
(SPECT) has become fully operational.
Nuclear cardiology investigations
including tellurium-201 myocardial im-
aging and both left ventricular and
global cardiac ejection fraction studies
were continued,

Hypothyroidism was found to be
due to congenital defects in thyroid in
children under two years of age. In 50
per cent of the children in hepatobiliary
imaging study was found useful in dif-
ferentiating between biliary atresia and
neonatal hepatitis in infants.



Scinti-scanning has proved to be
quite sensitive in picking up overt and
occult metastasis arising from medul-
lary carcinoma of thyroid. During the
year, 2730 new patients were referred
for various thyroid investigations. One
hundred and one patients of hyper-
thyroidism and 175 patients of thyroid
cancer were treated with radioiodine.

Research and Development:
Under an ongoing programme for

developing and evaluating newer
hepatobiliary agents ""Tc-trimethida,
99mTc-bromotrimethida, were evalua-
ted in rats and rabbits. Both the com-
pounds appear to be very promising.

99mTc-labelled thioglycolic acid as a
possible renel imaging agent was eva-
luated in animals. Techniques for
radiolabelling blood cells and proteins
with MmTc and n3m In using bifunctional
chelates and oxine respectively have
been worked out. It appears that
monoclonal antibodies can be labelled
yvith"mTc using DTPA without damag-
ing them and may prove useful for
immunoscintigraphy.

Monoclonal antibodies against
thyroglobulin were prepared and two
stable clones were isolated and prop-
agated. Work on further purification
and characterization of the monoclonal
antibodies is in progress. These anti-
bodies are very specific. It is proposed
to radiolabel the antibodies and eva-
luate them for immuno-scintigraphy
for detecting metastasis from thyroid
cancer, immunotherapy, radioim-
munotherapy and in-vitro radio-
immunoassay.

An enzyme linked immunosorbant
assay was developed for estimating
serum thyrogiobulin. A RIA technique
with indigenously available kits was
developed, which will enhance the
usefulness of the available kit and save
considerable foreign exchange.

The specific crude antigen used for
detection of tuberculosis in biological
fluids is being purified and characteri-
sed. Attempts are now being made to
standardise an assay for detection of
tuberculosis of uterus, bones and
joints

Kits containing reagents for diagnos-
ing tuberculosis by detecting the pre-
sence of antigen or antibody in biologi-
cal fluids are being prepared. These
kits will be distributed to various labo-
ratories and hospitals in Bombay for
field trials. Work is being done to
standardise antigen assay for detec-
tion of leprosy PGL-1.

In-vivo animal model in mice for
cultivation of plasmodium Berghei is
being established with an objective to
prepare antigen and antibody for de-
velopment of an immunqassay for de-
tection of the disease.

Studies on developing brain of
neonatal rats indicate that thyroid
hormones are involved in its rnatura-
tion by influencing the malic enzyme
activity. The activity of malic enzyme is
markedly lowered in the brain of neon-
ates from hypothyroid mothers and is
•significantly enhanced in the brain of
neonates from mothers injected with
thyroid hormone.

Radiation Medicine Centre is recog-
nised by WHO and IAEA as the re-
gional reference centre for South-East
Asia in nuclear medicine. The Centre
has six research contracts with IAEA
and UN on radioimmunoassay of thy-
roid related hormones; radioimmu-
noassay procedures in filarial infec-
tions; quality control survey of gamma
cameras; pharmacokinetics of radio-
label hepatobiliary radio-pharmaceu-
ticals; quantitative evaluation of
nuclear medicine imaging procedures
for diagnosis of liver diseases; and
study on immunodiagnostic tech-
niques in the evaluation of tuber-
culosis.

Two meetings of IAEA consultants
were held on 'Radioaerosol inhalation
imaging for diagnosis of respiratory
diseases in developing countries' and
on 'Immunodiagnosis of tuberculosis'

Training Programme:
The 14th batch of trainees in the one

year full time training in nuclear medi-
cine leading to Diploma in Radiation
Medicine (DRM) and Diploma in Medi-
cal Radioisotope Techniques (DMRIT)
of the University of Bombay consisted
of 9 doctors and 9 science graduates.

Technology Transfer
Although the major technologies de-

veloped at Trombay in the field of elec-
tronics, nuclear fuel fabrication and
production of special materials are
transferred to ECIL and NFC, there
are a number of relatively small pro-
cesses where special expertise and
technologies which emerged from the
R&D work carried out in BARC have
importance in a wider context. The
Technology Transfer Group at Trom-
bay is entrusted with the responsibility
of identifying processes and methods
developed by the R&D at BARC which
can be transferred to private or public
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sector undertakings for commercial
scale operation. The Group so far has
identified a total number of 75 tech-
nologies which are suitable for transfer
to outside agencies. Out of these, 26
technologies have already been trans-
ferred, 19 technologies have been pro-
cessed and brought to a stage where
they can be transferred in the imme-
diate future, and 30 technologies are
being evaluated by specialised groups
to facilitate their commercial produc-
tion. During this year, an amount oi
Rs. 10.4 lakhs was received as trans-
fer fees from these technology
transfers.

During the year, 14 technologies
were transferred. These are: (i) pro-
duction of bilirubin strips, (ii) Fabrica-
tion of gamma radiography equipment,
(iii) X-ray generator stablised power
supply system, (iv) Production of ele-
mental phosphorus, (v) Reverse
osmosis water desalination plant,
(vi) Production of boron carbide. The
technology developed by the Division
of Radiological Protection of BARC for
the following eight air pollution
systems were transferred to the
Rajasthan Electronics and Instrumen-
tation Ltd., Jaipur. The items are:
(i) Carbon monoxide monitor (Cata-
lytic), (ii) Nitric oxide monitor,
(iii)Sulphurdioxide monitor, (iv) Ozone
generator, (v) Nitrogen oxides and am-
monia to nitric oxide converter,
(vi) Ozone monitor, (vii) Air quality data
processor, and (viii) Infrared carbon
monoxide analyser

In order to highlight the results of
research and development work done
in BARC, a Technology Comer has
been set up at Trombay. All the items
developed in BARC which are of gen-
eral interest are displayed periodically
in the Technology Corner so that those
who are interested can see all the
items at one place

Human Resource Development
Two hundred and forty three trai-

nees belonging to different disciplines
successfully completed the 29th
Course and were absorbed in the vari-
ous units of DAE in August 1986 Cur
rently 197 trainees pined the 30th
Course and are undergoing training In
plant scheme was extended to cover
O&M manpower needs of the Fast
Reactor Proaramme at IGCAR The ex
istinn curricula were suitably restruc-
tured to induct and enlarge specific
areas of interest like fusion, accele-
rators, computers etc Experiments in



microprocessor development system
were started this year for electronics
trainees. BARC continued to assist
DRDO in organising their Electronics
Fellowship Training Programme.
Poona, Bombay and SNDT universities
were also assisted in their academic
programms.

IAEA and BARC jointly organised a
four week course from 31 March to
25 April 1986 on preperation of
nuclear data for use in reactor calcula-
tions. Of the 39 delegates participated
in the Conference, 26 were from
foreign countries including Algeria, Ar-
gentina, Brazil, China, Egypt, Indo-
nesia, Iraq, Peoples Democratic
Republic of Korea, Libya, Malaysia,
Mexico, Poland, Romania, Thailand,
Vietnam and Yugoslavia. On 4 June
1986 an IAEA Research Coordination
Meeting on Nuclear Techniques for
Toxic Elements in Foodstuffs was held
under the auspicies of BARC and Divi-
sion of Life Sciences of IAEA. A two
week training programme on CNC
Machines was conducted in BARC in
May 1986 for the benefit of shop
supervisors and engineers. A six week
course on Radioimmunoassay and its
Clinical Applications was held in this
Centre from 29 September 1986. This
IAEA-RCA sponsored course was at-
tended by about 200 delegates includ-
ing sixteen from the RCA countries:
China, Korea, Vietnam, Malaysia,
Bangladesh, Thailand, Srilanka, Indo-
nesia and Philippines Training Demon-
stration on uses of Tracer Technology
in Industry sponsored bv UNDP-IAEA-
RCA was held in this Centre, from 10,
12 November 1986. A large number of
foreign delegates specially from RCA
countries attended the conference
which dealt with use of radioisotopes
in industry, medicine, hydrology and
agriculture. A five day IAEA coordina-
ted meeting for Indian and foreign de-
legates was held from 24 November
1986 which dealt the fuel element
cladding interaction with water. The
First Asian Regional Conference on
Medical Physics was held in BARC
during 8-12 December 1986. About
400 delegates from various countries
of the world attended the conference
which deals with applications of phys-
ics in medicine.

During the year a total of 220 scien-
tists went abroad for the purpose of
attending seminars, meetings, higher
studies and as IAEA experts. The col-
laboration schemes with IIT's and Uni-
versity of Bombay in the field of higher

studies were continued. This centre
has so far been recognised for post-
graduate studies by 30 universities of
India. Three lecturers are carrying out
research here under the UGC Faculty
Improvement Programme. Under
IAEA technical assistance programme
and in terms of India's objectives for
the peaceful uses of atomic energy,se-
ven scientists from Vietnam and one
each from Bangladesh, Sudan, Ghana,
Malaysia and Syria were given training
in the fields of nuclear energy in the
Centre. Two scientists from Indonesia
were trained in mass spectrometry
with special emphasis on geochro-
nology.

The total strength of BARC and its
units is at present around 15,200 com-
prising of 4000 scientists, 7000 techni-
cians and remaining being supporting
staff.

About 4000 persons including
statesmen, parliamentarians, diplo-
mats, service personnel and scientists
visited BARC. Among the distin-
guished visitors were Mr. Daniel
Ortega Saavedra, President of Nicara-
gua, Mr. Poul Schlueter, Prime Minis-
ter of Denmark, Dr. Alan Garcia Perez,
President of Peru, Mr. Arun Singh of
the Union Cabinet and honourable
members of Indian Parliament. Many
distinguished scientists from India and
abroad delivered lectures and partici-
pated in the large number of colloquia
and seminars conducted at the Centre.

16 scheduled caste and 2 scheduled
tribe candidates were freshly appoin-
ted in this year.

Synchrotron radiation source to be set up at
CAT

Site for the Centre for Advanced Technology at
Indore.

In-service Hindi Training was impar
ted to about 100 officials and another
100 officals were trained in Hindi
typewriting and stenography, Mosi of
the circulars and office orders are is-
sued in Hindi language also. Scientific
seminars and symposia were organi-
sed in Hindi. These are some of the
measures undertaken to popularise
the usage of Hindi for official purposes
The Benevolent Fund was started in
1963 and at present there are about
3000 members. A number of grants
were disbursed to the needy emplo-
yees as educational and other assist-
ance. The family relief scheme conti-
nued to operate successfully providing
financial assistance of more than
Rs. 24,000/- each to families of emp-
loyees dying in harness or disabled
permanently.

CENTRE FOR ADVANCED
TECHNOLOGY, INDORE

Accelerator Programme
D.C. accelerators capable of giving

500 keV to 1.5 MeV energy and elect-
ron beam current of 80 mA have been
designed for industrial applications.
Two varieties of machines, namely
rectifier type and single cavity linear
accelerator type, were designed.

Design was completed for micro-
wave cavities for a 10 MeV linear
accelerator to be used as an injec-
tor to synchrotrons. Material pro-
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curement has been initiated for the
Synchrotron Radiation Source and the
Booster Synchrotron. About 50 scien-
tists are now engaged in the design of
these machines.

Laser Programme
The laser activities at the Centre for

Advanced Technology, Indore started
with shifting of three groups in May
1986. In a brief spell of six months the
laboratories were set up and scientific
activities were started. Three copper
vapour lasers, with average powers in
the range of 10 to 20 watts were made

operational. A copper vapour laser de-
signed to give average power in ex-
cess of 20 watts was designed, fabri-
cated and assembled. This laser has
given 12 watts output in its start up
runs.
Infrastructure

The construction of two laboratory
buildings (costing Rs. 65.00 lakhs) and
the 2nd multipurpose shed (costing
Rs. 26.00 lakhs) has been completed
and both the same are in occupation by
the users. The construction of hostel-

cum-efficiency apartments (costing
Rs. 85.00 lakhs) and third multipurpose
shed are in progress. Construction of
sub-station for installation of 500 kVA
transformer has been completed. The
preliminary drawings for construction
of Laser Laboratory are under prepara-
tion. Construction of 90 residential
quarters, water tower and under-
ground tanks has been completed. The
renovation of Sukhniwas Palace has
also been completed. Part of the shop-
ping centre complex has been cons-
tructed.
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The Indira Gandhi Centre for Atomic
Research is engaged in research and
development programmes for the de-
sign and construction of liquid metal
cooled fast breeder reactors which of-
fer very good potential for a major con-
tribution of nuclear power in the com-
ing decades.

During the year, following the low
power physics experiments, Phase II
construction activities for the Fast
Breeder Test Reactor (FBTR) were
completed. The reactor is now ready
for commencement of the interme-
diate power level experiments.

In a joint programme with BARC, the
construction of a neutron source reac-
tor facility fuelled with uranium-233
reached an advanced stage of
completion.

Fast Breeder Test Reactor
Aftej attaining the first criticalityon

18 October 1985, FBTR was operated
for conducting low power reactor phy-
sics experiments for determination of
control rod worths and isothermal
temperature coefficient at different
temperatures in the range of 200 —
350°C. The data collected was ana-
lysed and found to be in good agree-
ment with the predicted values based
on theoretical analysis. Since February
1986, Phase II construction activities
on FBTR have been in pi ogress.

In the two secondary bops of the
reactor, four steam generator modules
were installed alongwith steam gene-
rator protection systems. Fi!ters
mounted in the primary sodium pumps
were replaced by nonreturn valves
which is a challenging task. Handling
flasks for various components were

commissioned. A flooding circuit hav-
ing an inventory of over 60T of sodium
was added to enhance the safety of
the reactor. It assures cooling of the
core for removal of decay heat under
all conditions. Certain modifications
were carried out in the reactor protec-
tion logic circuit and instrumentation
associated with the plant to improve
safety and operational convenience.
On the generating plant side, conden-
ser cooling water system, feed water
makeup system and acid dosing plant
were commissioned. Flushing of
steamwater liner with water and
steam was carried out for preparing
the system for generation of steam.

The reactor is expected to be made
operational again very soon. The re-
maining low power physics experi-
ments, experiments related to thermal
hydraulic studies and heat removal by
natural convection are expected to be
completed during 1987, before pro-
ceeding to steam generation and
operation of the turbogenerators.

Prototype Fast Breeder Reactor
Considerable momentum was gai-

ned in the design of Prototype Fast
Breeder Reactor (PFBR) of 500 MWe
capacity. Safety criteria are being pre-
pared for approval of the licensing
authorities. Design specifications
of the main components and con-
ceptual designs were finalised after
detailed discussions. These include
main vessel, core support structure,
iiiner vessel, top shields, preheating of
primary sodium circuit, sodium filling
plan, intermediate heat exchangers
without tube bends, ex-vessel storage
for irradiated subassemblies, safety
grade decay heat removal system,

Top Lett: Panoramic view of the fast breeder
test reactor at Kalpakkam
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FBTR sodium pump being handled with special flask

FB TR spent fuel handling and storage facility

secondary sodium piping including the
guard pipe. More economic alterna-
tives were established for the
roof-slab, storage of irradiated subas-
semblies and reactor containment.
Improved structural integrity was
achieved by redesigning core support
structure. As a result of design studies
on inherently safe reactor concept,
modifications of drives for sodium
pumps were decided upon to attain a
level of safety better than in other
types of reactors. Steam generators
were redesigned to take into account
the difficulties in obtaining very long
tubes. The revised design is based on a
tube length of 19m. Maximum pres-
sure rise in the steam generator and
secondary sodium circuit was calcu-
lated for the design based sodium-
water reaction event.

Detailed reactor physics analysis of
PFBR core has been progressing s.nis-
factorily. Influence on insertion of con-
trol rods on the power distribution for
fresh core as well as the equilibrium
core was determined. Dynamic stu-
dies were carried out for determining
the speed of control rods. Variation of
power in the blanket as a function of
blanket burnup was determined. Criti-
cality safety of irradiated fuel storage
was examined with simplification and
overall capital cost reduction as an ob-
jective. Internal neutronic shield was
redesigned to permit storage of irra-
diated fuel subassemblies within the
main vessel. An experiment was de-
signed to validate the methods of cal-
culations used in the design of internal
shields and will be carried out during
1987. Growth scenario for advanced
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LMFBRs with different types of fissile
— fertile combinations were studied
as a part of an IAEA sponsored coordi-
nated research programme on require-
ments for future applications of advan-
ced reactors.

Detailed designs of main compo-
nents like IHX, steam generator, con-
trol rod drive mechanism, m-vessel
fuel handling machine and sodium
pumps are making progress. Discus-
sions with potential manufacturers
have reached the stage of receiving
definitive bids for placement of deve-
lopment contracts. In parallel, orders
were placed for raw materials to be
issued to the manufacturers for under-
taking the development work.
Reactor Engineering

In continuation of the engineering
support for FBTR, the sodium purifica-
tion facility was further operated and
64 tonnes of pure sodium was supp-
lied for the emergency flooding stor-
age of the reactor. An improved ver-
sion of the diffusion type hydrogen de-
tector developed by BARC for monitor-
ing water leak into sodium was cali-
brated in a sodium loop at 450°C and
two such detectors were delivered for
installation on the reactor. A special
level probe for monitoring liquid
sodium level in the FBTR primary
pump was developed. The 500 KW
sodium loop was recommissioned for
the testing of an intermediate sodium
to sodium heat exchanger (IHX) and
initial heat transfer results were
obtained. The design and develop-
ment work for main sodium pumps for
PFBR has made good progress. Dry
tests were performed on the induction
type electromagnetic sodium pump
built inhouse. The measured force is in
good agreement with -the theoretical
predictions. An experimental setup for
measuring effective thermal conducti-
vity of a multiple stainless steel insula-
tion was commissioned and a sodium
loop for studying corrosion and mass
transfer in stainless steel systems was
built. A large sodium component test
rig is planned for full scale testing of
some components of PFBR. The pre-
liminary design of the test rig was
completed and a project report was
prepared.

Indigenously made rupture disc



Neutron Source Reactor vessel under
fabrication

Neutron Source Reactor Facility
A uranium-233 fuelled Neutron

Source Reactor Facility (NSF) is in an
advanced stage of completion. The
reactor will be used mainly for neutron
radiography of radioactive and non-
radioactive objects, and for neutron ac-
tivation analysis. The stainless steel
reactor vessel meant for housing the
core was erected at site. Three zircaloy
beam tubes were fabricated and joined
to the precision-bored nozzles in reac-
tor tank by rolling. Control rod drive
mechanism, fuel plates and other as-
semblies are under fabrication.

Metallurgy
An indepth study of the dynamics of

deformation of FCC metals has enab-
led the formulation of a theoretical
basis for predicting the response of
materials subjected to complex modes
of plastic deformation. An investiga-
tion into the heat-to-heat variation of
creep rupture properties of 316 SS
showed that the observed scatter can
be eliminated by scaling stress with
the ultimate tensile strength at that
temperature. A study of the influence
of microstructure on the low cycle fati-
gue behaviour of 2V4 Cr-1 Mo steel
showed that a ferrite + carbide
microstructure has superior fatigue re-
sistance compared with one consist-
ing of ferrite, carbide and bainite. For

Specially grided spacer produced in hydraulic
press

Set-up for calibration of gap measurement of PHWR components using eddy current method

the same material tested under creep-
fatigue conditions, the major cause for
reducing fatigue life was found to be
oxidation-induced damage. One of the
new programmes initiated has been
the design of a facility for creep and
fatigue testing in flowing sodium. De-
sign of the equipment for creep testing
in static sodium was completed. The
effect of heat input and stress relieving
treatment on the microstructure and
pitting corrosion of type 316.L SS SAW
welds was studied. For use in fuel re-
processing applications, mixed oxide
coated titanium anodes with a coating
of TiO2 and RuO2 onTi substrate were
prepared and successfully tested in
the Reprocessing Laboratory in simu-
lated plant conditions upto a tempera-
ture of 65°C. The validity of a novel
metastable emf method developed for
characterising stainless steels was de-
monstrated with the help of a well-
defined Ni-25 a/o Cr alloy. Activities of
Fe, Cr and Mn in types 304 and 316 SS
were also measured. Nitrided zones of
SS produced by plasma nitriding were
characterised by metallography. A sur-
face zone of iron nitrides and a sub-
surface zone of chromium nitrides
were identified. The high and uniform
hardness achievable by this process
could be attributed to the nature of
these nitride particles. The transforma-
tion processes in Fe-Cr and Ti-Fe alloys
were studied to understand the under-
lying mechanisms. Using the newly
commissioned triple action hydraulic
press, research work was initiated to
characterise the ability of austenitic SS
sheets to be formed in press opera-
tion. The tooling required to conduct
the tests for sheet metal formability
was also developed.

A software based and versatile
system for image analysis, developed
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in collaboration with BARC was instal-
led and commissioned. Development
of procedures for inservice inspection
requirements of FBTR and PHWRs us-
ing eddy current and ultrasonic test
techniques was continued. Test tech-
niques and procedures were standar-
dised for inservice inspection of con-
denser tubes of FBTR and coolant
tubes of PHWRs. Microfocal radio-
graphy technique was standardised
for the tube to tube sheet welding of
heat exchangers for future fast
reactors.

During the year, the Quality Engi-
neering Section provided quality con-
trol and surveillance services to the
second phase works for FBTR, the
Neutron Source Reactor Facility and
the KARP projects. Nondestructive
testing was also carried out for various
laboratories and other projects of
IGCAR.
Quality surveillance of the Neutron Source
Reactor beam hole nozzle in progress



Sodium handling in glove boxes under argon atmosphere

Radiochemistry
A unique set of hot cells incorporat-

ing removable leaktight boxes were
brought to the commissioning stage.
These cells permit postirradiation
studies to be carried out on carbide
fuels under a high purity argon atmos-
phere and are flexible and minimize
personnel contamination and expo-
sure. Among the equipment deve-
loped is a thermal desorption appara-
tus which not only can measure the
retained fission gas in an irradiated fuel
sample, but also identify the type of
trapping.

High temperature mass spectro-
metric studies of binary systems of tel-
lurium with Ni and Cr brought out new
thermodynamic data including hitherto
unknown phase changes which will be
useful in understanding the internal
corrosion of the fuel clad. Thermal ex-
pansion of uranium carbide was mea-
sured using high temperature X-ray
diffraction under inert atmosphere.

Hot cells operations in progress

The out of pile simulation system was
commissioned by observing restruc-
turing in uranium carbide.

Towards developing.a detailed flow-
sheet for reprocessing the mixed car-
bide fuel, the conditions for the forma-
tion of a third phase during solvent ex-
traction were delineated.

The electrochemical hydrogen
meter developed in this laboratory was
tested for several thousand hours and
was found to have a sensitivity of 4
ppb. Four such meters were fabricated
and supplied for the secondary loops
of FBTR.

As ternary systems involving so-
dium, oxygen and the constituents of
stainless steel are important to under-
stand corrosion by liquid sodium, stu-
dies on them were continued. The ph-
ase diagram of the Na-Mo-0 system
was established for the first time
based on a large number of measure-
ments employing a variety of techni-
ques. The dependence of the thre-

Centrifugal extractor

shold oxygen levels necessary for the
formation of NaCrCte on the presence
of carbon in sodium was theoretically
predicted and experimentally verified.
Solubility of oxygen in liquid potassium
was measured over a wide tempera-
ture range.

Based on the electrochemical meter
recently developed in this laboratory, a
new method for measuring the carbon
potential of stainless steel was esta-
blished. The data generated in this
manner was used in proposing a new
carbon activity versus concentration
relationship and a new model to exp-
lain the composition of the carbide
phase precipitating at the grain bound-
aries of stainless steel.
Fuel Reprocessing

Work on development of process,
equipment, instrumentation and spe-
cial hot cell techniques related to re-
processing of FBTR fuel has almost
been completed. The basic flowsheet
is undergoing validation. Subsequent
to the testing of flow sheet in the labo-
ratory, the fuel will be reprocessed in
the mini-lead cell which is getting
ready. Preparations for testing of re-
processing on large scale are also in
progress.
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Equipment such as batch dissolver,
centrifugal contactors, and liquid trans-
fer systems were tested in an inte-
grated manner forming one cycle of
solvent extraction. The operation was
carried out for prolonged duration on
three shift basis and it had provided
valuable experience for training ope-
rators. Work on development of high
speed centrifuge has reached advan-
ced stage. Other areas of equipment
development include: improvement of
centrifugal contactors already deve-
loped, continuous precipitators, engi-
neering studies on under water cutting
system and electrolytic dissolver for
mixed carbide fuel pins.

After successful dissolution of a
mixed carbide pin using electrolytic
techniques, studies related to influ-
ence of various parameters to opti-
mise the design of large scale dissol-
ver were carried out. These are being
tested in glass dissolver which is being
validated. Methods to establish comp-
lete destruction of dissolved organic
acids resulting from direct dissolution
made progress.

Laboratory scale test studies on
flow sheet using a mixer settler with
U-Pu system were carried out. Extrac-
tion data needed to perfect the euili-
brium model were generated. Electro-
lytic techniques related to partitioning
of Pu were confirmed. Method to
avoid hydrazine as holding reductant is
being experimented. Analytical
methods in the related areas are also
being perfected for reliability. Instru-
mentation for the detection of inter-
face in individual stages of mixer set-
tlers and controlling it in the last stage
using pneumatic techniques was stu-
died, based on which a comprehensive
system is being designed. Micro-
processor based instrumentation
system for chopper was tested.
Improvements on design of compo-
nents for better reliability are in prog-
ress. Design of on-line computer sys-
tem was studied. A data acquisition
system was worked out.
System design for an on-line computer
system was carried out and a proposal
prepared. Performance of load module
system for transportation of fuel cask
using air cushion was improved based
on studies on simulated systems.
Speed control system for high speed
centrifuge was designed and tested.

Design work on the fast reactor fuej
stream of the Reprocessing Plant
(KARP) has been continued. Neces-
sary coordination with civil construc-

tion group relating to laying of embed-
ments was maintained. The project re-
port relating to the equipment, instru-
mentation and hot cell systems for fast
reactor fuel reprocessing was pre-
pared, and processed for financial
sanction.
Radiation Physics
and Safety Research

In the studies on fuel-coolant inter-
actions, experiments with the simu-
lant tin/water system were scaled up.
For the purpose of modelling of the
interaction phenomena, the computer
code FCISRL predicting peak pres-
sure, pressure-time history, etc., was
extended to the uranium carbide-so-
dium system. Aerosol release rates
from sodium fires were studied both
as a function of the ambient oxygen
concentration for isothermal and
nonisothermal pools of sodium and as
a function of pool area. Influence of
ionising radiation 'and electric field
were assessed for methylene blue
aerosols towards obtaining accelera-
ted settling. A stainless steel assembly
with accessory instrumentation was
installed to carry out studies on release
fractions of radioactive species from
contaminated sodium. Major compo-
nents of a sodium loop for studying
transport of active corrosion/fission
products in sodium were installed. Re-
moval rates of sodium by dissolution
with organic solvents were studied. An
integrated code system to predict
reactor accident scenarios including
energy releases, effect on the contain-
ment, etc., was developed. A code FX-
2 TH was adopted to aid in calculations

of criticality, needed for estimation of
transient behaviour of reactors. As a
part of the development of a site radio-
logical monitoring network for mea-
surement of radioactivity release to
environment, a sensitive monjtormg
instrument was commissioned.

In radiation physics, important
results were obtained from experi-
mental studies on radiation spectra.
Gamma ray spectra obtained by back-
scattering from moisture-containing
materials like paddy and concrete
were studied. This yielded a non-
destructive technique for measure-
ment of moisture in paddy to within ±
1 percent. Investigations were carried
out to assess alternative water-soluble
liquid scintillator materials for detec-
tion of and discrimination between
neutrons, gamma rays, etc. The poten-
tial of water itself to serve as a scintil-
lator for fast neutrons appears to be
promising. The 14 MeV neutron gene-
rator built to study neutron shielding
properties of materials was coupled
with online unit providing for electro-
lytic generation of deuterium gas
from heavy water and for elective
permeation of the gas across a pal-
ladium membrane. Calculations of the
neutron multiplication factor (keff) ap-
plicable to a small fast reactor core
were made. Occurrence of unsche-
duled DNA synthesis in persons ex-
posed to low levels of ionising radia-
tion when given a subsequent expo-
sure to UV light, is being exploited to
establish a biological dosimetry
method for estimation of low level ex-
posures to radiation.

Accelerating tube of the 2MV tandem accelerator
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12 Tesla superconducting magnet

Materials Science
The kinetics of clustering of solute

atoms in quenched Al-Zn and Al-Ag
alloys was investigated using positron
annihilation spectroscopy. Annihilation
characteristics at zinc clusters in alu-
minium matrix were calculated theo-
retically and compared with experi-
ments. Effects of Ti impurity on the
nucleation and growth of helium bub-
bles in alpha-irradiated Ni-Ti were
investigated and compared with those
in pure Ni. Behaviour of concentrated
alloys at low temperature during irradia-
tion was modelled incorporating the ef-
fect of fluctuations. Apparatus for studies
of stress relaxation in Al at low temp-
eratures was set up. Electrical resisti-
vity studies of quasicrystallineAlBz FeiB
alloy under high pressures revealed
two reversible first order phase transi-
tions at about 25 kbar and 60 kbar. Low
temperature electrical properties of
Nb-fi alloys were studied down to 2K
and magnetic field upto 12 Tesla. It
was established that the electrical
resistivity of Nb-Ti alloys can be varied
over a wide range by appropriate
thermomechanical treatments and by
changing the composition. Structures
of mono and polydispersed colloidal
suspensions were investigated by
angle resolved Rayleigh light scatter-
ing. The measured structure factor for
two-component colloidal system indi-
cated a glass-like order. Electronic, vib-
rational and structural properties of re-
cently discovered quasi-crystals were
investigated. Large crystals of Al-Zn
and silver halide were grown using the
zone leveller, and by the gel method
respectively. Strain-free single crystals
of nickel with very low dislocation

density were also grown using Czo-
chralski method under high argon
pressure.

Electronics & Instrumentation
The following major instrumentation

projects were completed during the
year. A microcomputer based instru-
mentation and control system for the
radioactive sodium loop at the Radio-
chemistry Laboratory, a colour graphic
display system for the Neutron Source
Reactor, a data logging system for the
Fuel Reprocessing Laboratory, a hard-
wired real time photon correlator
system for Materials Science Labo-
ratory, a microprocessor based corro-
sion measurement system for the
Materials Development Laboratory, a
digital, recorder of fast transients for
Materials Science Laboratory, and a
Mossbauer spectrometer for the study
of the magnetic properties of materials
at the Materials Science and Radio-
chemistry Laboratories.

A set of 5 masks for fabricating 4
channel multiplexor by the P-MOS
technology was received from BEL,
Bangalore, and fabrication of integra-
ted circuit chips by using these masks
is in progress. Other projects include:
a distributed data acquisition system
consisting of a network of micro-
computer systems linked to a central
minicomputer for the Heavy Water
Project,Kota and a colour graphic CRT
display system for MAPS.

Computer Centre
The DPS-8 computer system which

is catering to the computational
requirements of IGCAR is being opera-
ted round the clock. The system main-

tenance is being carried out inhouse
registering a near 100 per cent availa-
bility. A new front-end network pro-
cessor was added to the system so as
to support the terminal expansion pro-
gramme. The different laboratories
were provided with the time sharing
terminals. A new computer system
configured to take up the CAD require-
ments, was procured and installed. The
system is based around ND-560
supermini computer and supports
seven CAD work stations, one high
speed plotter and other peripheral un-
its. The CAD software includes DOGS
for drafting, BOXER for solid modelling
and PAFEC for finite element analysis
with PIGS the pre- and postprocessor,
and is expected to be fully commis-
sioned shortly Under the de-
velopment activities taken up in the
Software area, packages for "surface
modelling", "engineering drafting",
'pre- and postprocessor for stress
analysis programme-4" and a huge
data base for the Library were accomp-
lished. In the hardware front, an intelli-
gent Lab-Link Unit which collects data
from any laboratory experiment (re-
mote) and stores it in the mass storage
processor of DPS-8 system was de-
veloped. Such units were installed in
FBTR and Reactor Engineering
Laboratory.

Civil Engineering
The Civil Engineering Group handles

all aspects of civil works including ar-
chitectural, structural and public health
designs, and construction of all the
laboratories and other structures of IG-
CAR, including the Reprocessing Plant
(KARP). CEG also renders architectural
and structural design services to the
civil works of MAPS, CWMF and DAE
Township at Kalpakkam. During the
year about 70 per cent of the construc-
tion of the Library and Auditorium Faci-
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lity in IGCAR was completed. About 70
per cent of the construction of the
Radio-metallurgy Laboratory Phase II
B was also completed.Under KARP Pr-
oject.four buildings were completed.
The work order for the main plant
building and other allied structures
was issued and construction is in
progress.

Central Workshop
The Central Workshop carried out

the fabrication and machining of com-

ponents for FBTR, Neutron Source Re-
actor Facility (NSF), KARP Project, and
for all the research programmes. Major
items fabricated include: transition
mould formers, inserts for beam tube
rolling and beam tube covers for the
NSF reactor tank, mock-up of CRDM
assembly, centrifugal extractor, EM
pump duct, eddy current flowmeter,
liquid nitrogen dewar, liquid helium
cryostat, diamond anvil assembly,
autoclave, tensile and creep test speci-
mens, etc. In addition, the develop-

ment works undertaken were esta-
blishment of welding procedures,
qualification of filler wire for semi-
automatic and automatic welding of
stainless steel materials, introduction
of MIG/CO2 process for production
|obs, conversion of the shop designed
straightening fixture to electrical
switch operated hydraulic operation,
introduction of computer program-
ming for works costing, evaluation of
mechanical test results of specimens,
etc
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The academic work of the Institute
is carried out in two schools — School
of Mathematics and School of Physics.
The year has been one of substantial
progress in most of the new experi-
mental programmes that have been
initiated during the last few years by
the Institute.
School of Mathematics

Considerable progress was made in
the investigations in various areas of
mathematics such as algebraic geo-
metry, algebra, number theory and
Lie groups which are traditionally per-
sued at this school, and also in topo-
logy, ergodic theory, combinatorial
mathematics and mathematical phy-
sics initiated more recently.

Various conjectures, some long-
standing while others more recent,
were confirmed. These include ex-
pressibility of any positive integer as a
sum of at most ninteen fourth powers
(Waring's problem), Plumstead's con-
jecture on the cancellative nature of
projective modules over polynomial
rings over a noetherian ring, an esti-
mate for linearly independent zeros of
indefinite quadratic forms suggested
by Davenport etc.

There were also other striking
results obtained by the members of
the school pertaining to various mathe-
matical objects such as Witt rings, the
stable structure of skew symmetric
spaces (algebra) moduli of vector bun-
dles, instanton bundles (algebraic
geometry), infinite dimensional repre-
sentations of Kac-Moody groups and
Lie algebras, algebraic groups over
local fields, measures on Lie groups,
orbits of flows in homogeneous
spaces (Lie theory and related topics)

reflection functors on derived cate-
gories etc.

Investigations were also carried out
with interesting results in diverse top-
ics such as efficient generation of ide-
als, ring of differential operators on a
variety, mixed Hodgs structures on
nilpotent quotients of the fundamental
group, cohomology of the group of
normal elements in a central division
algebra over a local field, dynamical
systems involving substitution, dio-
phantine equations, Ramanujan's
identities on cusp forms, Eisenstein
series and elliptic integrals, hyper-
cubes, sigraphs etc.

At the Bangalore Centre, under the
TIFR-IISc collaboration programme,
work continued with emphasis on
numerical analysis, partial differential
equations and stochastic processes.
Interesting results were obtained
regarding long time existence of clas-
sical solutions to nonlinear wave equa-
tions in exterior domains, propagation
of singularities, algorithms to follow
the branches of solutions of nonlinear
ODE's with Dirichlet, Neumann or
mixed boundary conditions, implicit
schemes form scalar conservation
laws, Nisimo semigroup for controlled
diffusions etc.

School of Physics
The school has both theoretical and

experimental groups.

Theoretical Studies
Theoretical Physics

Research in theoretical physics is
carried out in the areas of particle, con-
densed matter, statistical and nuclear
physics.

In particle physics there is much in- Top Left: FTNMR facility at TIFR
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terest in various aspects of string
theory of elementary particles and
interactions. Topics of research
include conformal invariant nonlinear
field theories in 2-dimensions, string
theories with new boundary condi-
tions and studies of infinite dimen-
sional Lie algebras. In unified theories
investigations include probes for
supersymmetry, neutrino mixing and
constraints on Higgs particle mass.
Studies in nonlinear fermion theories
related to low energy QCD also
progressed.

Research in theoretical condensed
matter physics and statistical physics
was performed in the areas of super-
fluidity, magnetism, semiconductors
and porous media. In particular highly
photo excited carriers and hot phonons
in semiconductors like GaAs were
shown to behave in a novel manner on
time scales of a picosecond or less.
Also, a significant advance was made
towards completely solving an impor-
tant 1-dimensional model of magne-
tism in metals.

In theoretical nuclear physics inves-
tigations were carried out in relativistic
bound states of two fermion systems,
high density nuclear matter and Gaus-
sian orthogonal ensemble. In particu-
lar, valuable insight was obtained into
the role plaved by relativistic effects in
the structure of the deuterium nu-
cleus. A theory for deep inelastic scat-
tering of muons by nuclei involving
quark degrees of freedom was given.
Theoretical Astrophysics

The Theoretical Astrophysics Group
is pursuing research on quantum grav-
ity, evolution of density fluctuations in
the hot big bang, the cosmic censor
hypothesis of the general relativity, as-
trophysical rales of cosmic strings,
some speculations about the possible
nature of the dark matter in the uni-
verse, stellar evolution dynamics of
the active galactic nuclei, the rate of
mass loss from early type stars, star
formation in the interstellar media and
some aspects of the cometary physics.
Experimental Areas
Gravitation

Considerable progress was achie-
ved in the experiment which envi-
sages to use a torsion balance to exp-
lore the nature of gravity. The short
term emphasis is to perform an experi-
ment to test for intermediate range
forces which couple to macroscopic
bodies via their nucleon number or
which depend upon neutron — proton
asymmetries in the nuclear species of

which these macroscopic bodies are
made. This is in keeping with the re-
cent international interests.
Astronomy

A very high energy (VHE) gamma ray
burst lasting 15 minutes was detected
at Ooty. This is one of the very few
observations where the VHE gamma
ray signal is observed coincident with
the radio pulse of the pulsar.

The arrival direction of a shower can
be estimated to better than 0.7
degrees by the PeV gamma ray detec-
tor system operational at Kolar Gold
Fields. Experiment to search for PeV
gamma rays at Ooty has logged in
more data and a preliminary analysis
shows a 4 a excess among older
showers detected in the direction of
Cyg X-3.

Study of hard emission from the
X-ray binary star 4U1907 + 09,
showed presence of regular variations
in X-ray intensity with a period of about
432 S. Change in the pulsation period
were also detected. These studies
were aimed at improving understand-
ing of the physical processes produc-
ing X-rays from the neutron star in this
binary star. Studies of a few X-ray
emitting binary stars, in which a white
dwarf is the X-ray source, were also
made with the ground based optical
telescopes to understand the nature of
radiation from these stars. X-ray obser-
vations of highly active flare stars and a
binary star called HR1099 have shown
presence of bright coronae in them. An
X-ray flare was detected in the star
HR1099. Temperture of the hot
plasma emitting X-rays in the Orion
Nebula was measured to be 40 x 106K

Development of two new and more
sensitive X-ray telescopes for hard
X-ray studies is in progress.

Indo-Soviet Gamma Ray Astronomy
Programme (GRISP) phase I balloon
flight of low mass gamma telescope
provided first results on Seyfert Galaxy
3C120 in gamma ray region. Luminos-
ity in gamma rays is 100 times the
X-ray luminosity. A new gamma ray
source at galactic coordinates I11 =
190° and b T = 20° was discovered. A
low mass binary model with neutron
star spinning down was proposed to
Geminga gamma ray/X-ray source.

Several molecular clouds were ob-
served in the 100-300 /am wave-length
band, using balloon-borne infrared
telescope. The sky maps (resolution
of about 1 arc minute) of these sources
showed interesting multiple source

structures. In one of these sources
namely the Carina Nebula, several new
sources were Seen. This would throw
light on the energetics of this region.
Infrared Astronomical Satellite (IRAS)
data on planetary nebulae, galaxies
and supernova remnants were ana-
lysed to understand the far infrared
emission from these sources. A dou-
ble beam seeing monitor is being de-
veloped for site testing for a high al-
titude observatory in Lodakh. This in-
strument uses optoelectronics techni-
ques and is capable of monitoring the
conditions causing stellar image
motions/deformations with frequen-
cies upto 5 cycles/sec and magnitudes
down to 0.5 seconds of arc.

The Ooty Synthesis Radio Teles-
cope (OSRT), operating at a frequency
of 327 MHz was used to investigate
the radio emission from ob|ects within
our galaxy as well as extragalactic ob-
jects such as spiral and elliptical galax-
ies, rich clusters of galaxies and giant
radio galaxies. Several improvements
were made in the electronics of the
receiver system of OSRT. A National
Image Processing Facility for Astro-
nomy (NIPFA) was set up at Ooty to
process astronomical data from synth-
esis and other telescopes with the aid
of a modern computer and software.
Set up with the support by DST the
new facility will be available to scien-
tists from other observatories and uni-
versities for astronomical applications.

Detailed planning and design work
for the new Giant Metrewave Radio
Telescope (GMRT), to be the largest
radio telescope in the world, was
started. The telescope is to be located
near Narayangaon, about 80 km north
of Pune. The project envisages the set-
ting up of 36 large parabolic dishes
over a region extending to about 25
km.
Cosmic ray studies

Intensity and energy spectra of low
energy cosmic rays were studied by
the Indian cosmic ray experiment
'Anuradha'. Over 500 cosmic ray
oc -particles and oxygen group ions
were measured with semiautomatic
optical digital systems. The results ob-
tained so far indicate a time variation of
these particle intensities with polarity
reversal of magnetic field of the sun.

A new method for measuring the
intensities of high energy deuterons of
Hyderabad (> 10 GeV/N) in cosmic
rays was developed. These intensities
could be used to derive inferences of
the path length traversed by high
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energy alpha particles.
The abundances of argon in the Sun

and of other elements —silicon to iron,
were also obtained in a study of plas-
tics exposed to solar flares.

High Energy Physics
The phase II of the proton decay ex-

periment at a depth of 2 km under-
ground had started operation in
November 1985 while the phase I de-
tector continued to collect more
data.

In the field of accelerator based high
energy physics, the study of heavy
flavour (charm) production is continu-
ing, using the highest energy (800
GeV) proton beam interacting in a high
resolution bubble chamber. First
results based on part of the data were
published. The Group also joined the
L3 collaboration which is currently
fabricating a mammoth detector to
study e+ e interactions near 100 GeV
at the LEP machine due to start opera-
tion in 1989 at CERN, Geneva. The
mass production of 1000 proportional
chambers at TIFR is well underway. A
new collaborative study on soft photon
collision of energy 280 GeV at CERN
has collected 3 million events on tape
for analysis, part processing of which
will be carried out at TIFR.

Nuclear and Atomic Physics
An experiment to search for the pre-

sence of a heavy neutrino in the fi-de-
cay of 35S found no evidence at the
level of 0.6% for such an admixture
in contrast to the recent indications for
the existence of 3.0% admixture of a
neutrino with mass 17 keV in the ft-
decayof 3H.

In another experiment the decay of
an excited state in 13C through an elec-
tron - positron pair was measured
which ruled out the possibility of the
existence of an axion with mass in the
range 1.7 — 2.0 MeV. Experiments
measuring state selected electron
capture cross sections in low energy
ion molecule collisions were amongst
the first reported measurements.

Pelletron Project: The installation of
the 14 UD Pelletron at the Institute is
nearing completion. Column voltage
tests have been performed and the
vacuum test of the tube section is in
progress. Preparations for the
ion-atom collision experiments at the
upcoming 14 UD Pelletron heavy ion
accelerator facility is being carried out.

Condensed Matter Physics
Extensive bulK magnetisation and

S7Fe Mossbauer investigations in the
alloy Rui.6Fei-4Si which exhibits all the
features of reentrant spin glass beha-
viour, strongly discount the Gabay
Toulouse picture of identifiable phase
transition. On the other hand TIFR data
stn ng!y support that the apparent
transition in these types of alloys arise
from short range magnetic correla-
tions and the constrained relaxation
between dynamically interacting clus-
ters of different sizes.

The local susceptibility of Ce in
CeRh3B2 and CePd3 was measured for
the first time by a microscopic nuclear
technique and is seen to deviate by 10
percent from the expected value for
trivalent Ce in the paramagnetic
region. In the case of mixed valent
CePd3, the local susceptibility passes
through a maximum around 80 K and
reduces at lower temperature. The re-
sults were analysed on the basis of a
recently proposed model. Interplay be-
tween RKKY and Kondo effects was
observed in resistivity studies of heavy
fermion system CeCu6, Au.at low
temperature.

Detailed investigations in amor-
phous materials following low energy
heavy ion bombardment at the 400 KV
ion accelerator showed remarkable
changes in their magnetic behaviour
specially in the absence of crystalline
lattice. The results of Sn implantation
in a Fe4o Ni4o B20 have shown forma-
tion of new phases above a certain
dose of implantation.

Effect of chemical substitution in
heavy fermion systems was investi-
gated through magnetic susceptibility,

specific heat and X-ray diffraction mea-
surements. It is coniectured that
CeRu2Si2 ,Ge. may be the first
G-based heavy fermion having a mag-
netic ground state. Evaluation of heavy
fermion behaviour in CeCu2Si2 from
strong mixed valance in CeNisSia was
demonstrated.

Chemical Physics
The question as to how proteins

read the language of nucleic acids
has been a central problem in molecu-
lar biophysics. Studies on the structure
of five DNA segments which have
specific recognition sites for restriction
enzymes, revealed that the specificity
in protein-nucleic acid interactions
arises from subtle deviations in the
secondary structure of DNA from its
normal B-form, at the protein binding
sites. 500 MHz FT-NMR and other
physical studies are being pursued to
understand the electronic structure of
heme proteins. A time-correlated
single photon counting system with a
synchronously-pumped, mode locked
laser was assembled for studies in
picosecond time domain. Studies on
conducting organic polymers helped in
the design of new materials.

Hydrology
Subjects of interest in hydrology are

the study of nanoporosity in minerals,
release of radioactivity from minerals
into natural waters and measurement
of seepage using radon method.
Molecular Biology

Genetics studies on the glycolytic
enzyme, the soluble fructose 6-phos-
phate kinase (PFKI) from yeast,

TIFR built temperature lump set up for studying fast chemical reactions and fast transport of
ions across biomemberanes
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showed the presence of a second en-
zyme (PFKII) which is membrane-
bound and catalyses the same reac-
tion. The two enzymes were found to
share a common structural gene. In
the PFKII the product of this gene
determines the catalytic activity, while
in the PFKI, this gene product specifies
the regulatory properties. The soluble
fructose 6-phosphate kinase of yeast
is thus composed of two subunits, one
of which houses the catalytic site and
the other an allosteric site for control.
The second polypeptide is therefore a
dual function protein.

Recent experiments on the regula-
tion of brain hexokinase revealed that
the regulatory site for glucose 6-phos-
phate (G1c-6-P) does not preexist on
the enzyme but is induced only after its
interaction with glucose. This model
explains the relief of G1C-6-P induced
inhibition of the enzyme by ATP and Pi
as also the lack of effect of Pi on the
enzyme activity in the absence of
Gic-6-P.
Physics of Semiconductors and
Solid State Electronics

Studies conducted on physics of
semiconductors were: electron and
hole capture in noncrystalline SiCteon
crystalline silicon, properties of poly-
crystalline silicon deposited by laser
photoinduced surface reactions, reac-
tive ion etching of silicon, motion of
mobility edge in hydrogenated
amorphous silicon and measurement
of band discontinuity of heterojunc-
tions in Ill-V compound alloys.

Computer Science
A major achievement of the Compu-

ter Systems and Communications
Group is the successful completion of
the development of a fully automatic
data handling system for use by IAF.
The system, the largest of its kind in

the country and developed entirely by
the Indian effort, was accepted by the
user after exhaustive tests. DOE has
initiated a national project for the imp-
lementation of knowledge-based
systems. The Group was nominated
as the nodal group for implementing a
voice oriented interactive computing
environment (VOICE) system. Prelimi-
nary work for speech recognition,
speech synthesis and system deve-
lopment was initiated. In communica-
tion, development of techniques for
computer aided design of rural net-
work based on digital links is under
progress. The possibility of integrated
satellite links is also under study. In
signal simulation, mathematical ana-
lysis of a simulation model of very low
frequency atmospheric noise was
completed.

Facility: Hot Laboratory
Kinetic study of the inhibition of

cobalt (II) and detailed solvent extrac-
tion study of cobalt (II) were done. A
method was developed for the radio-
chemical separation of palladium-100
obtained by bombardment of 25 MeV
alpha particles by (oc.xn) reaction on
ruthenium target. An electrodeposi-
tion method was also developed for
the deposition of carrierfree 1Q0Pd ac-
tivity on zirconium metal and certain
alloys for the study of hyperfine inter-
actions in those alloys. Likewise
indium - 111 was also produced by
(tx,xn) reaction on silver target and it
was separated in carrierfree form for
the study of hyperfine interactions in
some alloys.

The shield thickness of high energy
neutrons by effective half value layer
method (simplified version of Mover's
model) were evaluated for 14 UD pel-
letron beam hall no.2.

Other Units
Homi Bhabha Centre for
Science Education

The primary thrust of the activities of
HBCSE continued to be on undertak-
ing action-research project aimed at
improving the scholastic performance
of students from the deprived sections
of the society. The project for nurturing
talent in the scheduled castes is prog-
ressing well.

HBCSE is now working as a re-
source centre for the computer literacy
and school studies (CLASS) project of
the Government of India, several soft-
ware packages aimed at improving
concept formation in students from
the weaker sections were developed.
Also the Homi Bhabha Study Circle for
developing appropriate pedagogy and
reading materials in physics at the col-
lege level has been popular with stu-
dents. The books brought out by
HBCSE have evoked excellent
response.
Basic Dental Research Unit

The Unit continued its intervention
study on oral cancer and precancerous
lesions in rural Indian population. The
eighth followup of 36,000 tobacco us-
ers in three areas of India was comp-
leted and the ninth one is in progress.
^ detailed analysis of the 5-year results
showed that as a result of health edu-
cation a substantial proportion of the
tobacco users stopped their tobacco
habits or reduced the frequency of to-
bacco usage. As a consequence, inci-
dence of oral precancerous lesions
was decreased very substantially, indi-
cating a potential decrease in the risk
of oral cancer among these individuals.
The Unit was designated as a WHO
Collaborating Center for Oral Cancer
Prevention by the Cancer Unit of
WHO.
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The activities of the Institute are
spread over experimental nuclear
physics, atomic, molecular and cond-
ensed matter physics, bioscience,
plasma physics, nuclear chemistry,
instrumentation, and theoretical phys-
ics. A 1-year post-M.Sc. training prog-
ramme is conducted in these fields
with students selected on a competi-
tive basis from all over India. The Insti-
tute also provides facilities for
research work leading to Ph.D. degree.

Exeperimental Nuclear, Physics
The experimental facilities at the

Variable Energy Cyclotron Centre
(VECC) were used to study (a) ano-
malous back scattering in the elastic
and inelastic scattering of 50 MeV
alpha-particles on 2BSi, (b) isoscalarand
isovector transitions in the low-lying
states of 8BSr produced by the inelastic
scattering of 50 MeV alphas, (c)
inelastic scattering of alpha of various
energies on '30Te, (d) saturation of an-
gular momentum in a fusion process
as revealed by the isomer field of the
(39/2)" state in 2 nAt produced in the
reaction 209Bi (<x,2n), and (e) on-line
gamma ray spectroscopy of14B "*9Sm
and '54Gd.

Shielding work for the new horizon-
tal neutron generator was completed
in order that on-line spectroscopic and
reaction studies can be initiated on the
machine. Position resolution of the
multiwire proportional counter earlier
developed-was improved to about 0.5
mm.

Heavy-ion reaction on 12Cand 16O
produced by alphas from VEC and the
time structure characteristics of the
VEC alpha-beams were studied in
collaboration with TIFR. The on-line
testing of a heavy-ion telescope will

shortly be taken up at the Cyclotron
Centre. Development and use of the
technique of solid-state nuclear tract
detectors are being continued.
Atomic, Molecular and Condensed
Matter Physics

An experimental arrangement was
set up to study the photon emission in
the ultraviolet region in fast ion-atom
collision using a scanning monochro-
mator to view the photons. The nV5
mass spectrometer, earlier built and
used, has been modified to accommo-
date measurements of .the detach-
ment cross-section of electrons in
heavier negative ion-atom collision.
The mechanical assembly of the 300
KV ion accelerator is nearing comple-
tion. Secondary ion mass spectro-
metry was used to study the detailed
dependence of the intensity of secon-
dary ions, emitted from solid surfaces
under ion bombardment, on the ion
energy and on crystal structure. Spu-
ttering yield studies were continued
with the help of the electromagnetic
isotope separator, a standard facility
acquired earlier.

The molecular structure of 2-fluoro-
benzonitrile in the ground vibrational
state was studied at dry ice tempera-
ture using radio frequency microwave
double rasonance and stark-modu-
lated .spectroscopy. The microwave-
microwave double resonance techni-
que was incorporated in the existing
spectrometer.

Facilities were created for metallic
hydride preparation. The proton NMR
line of hydrogenated vanadium was
analysed. Spin-spin correlation among
the neighbouring iron spins as a
function of temperature was studied in
layered materials like CsFeF4 using the
'9FNMR.
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Charge transfer in CodbFefCN)6

with enriched 57Fe, and in iron-inter-
calated CdPS3 was studied employing
Mossbauer Spectroscopy.

One nitrogen laser was made opera-
tional. The X-band microwave cavity
with different irradiation facility is
being set up.

Studies in liquid crystals were
initiated, particularly on phase transit-
ions and morphology dependence on
external influences.

Positron annihilation technique was
applied to study the defect mechanism
in alpha-irradiated cobalt.

Low-temperature experimental
studies were conducted on (1) low-
field magnetisation, (2) ac susceptibi-
lity and electrical resistivity of magne-
tic superconductors, (3) disordered
magnetic systems, and (4) magnetic
alloys.

Theoretical investigations were
made on (1) anomalous electron
damping near the critical point of a
ferromagnetic semi-conductor (EuO),
(2) tricritical phenomena in three-
dimentional Ising model, (3) suscepti-
bilities of some low-dimensional
antiferro-magnetic compounds, (4)
dimensionality of a directionally
anisotropic Heisenberg magnet, (5)
disordered lattice, (6) linear polymers,
(7) renormalisation group study of one
dimensional Hubbard model, (8) vari-
ous aspects of surface physics, and (9)
computer simulation of some pro-
blems in magnetism and neutron-
induced damages in crystals.
Bioscience

In an attempt to understand the
mechanism of skin cancer by sunlight,
it was detected, for the first time, that
lipid peroxides are produced by the
ultraviolet component of sunlight UV-A
in liposomal preparations and also in
vacuum dried thin film of lipid. The
effect of the increasing dose of UV-A
was studied with significant results.
Another useful finding is that ascorbic
acid at a reasonably high concentration
can inhibit the oxidative damage of
lipids and biological membranes
caused by different inducing agents.

Studies on repair processes operat-
ing in cultured mammalian cells have
been in progress with V-79 cells ex-
posed to ultraviolet light, ionizing radia-
tion, active oxygen and alkylating
agents. Cell mutation assay systems
are also being used to test the two
dyes tetrazin and curcumin for suitabil-
ity of use in human food.

The structure-function relationship
for several small biomolecules of phar-
maceutical importance was studied by
crystallographic methods. Substantial
progress was also made towards the
crystallisation of several polymeric
proteins of biological importance. The
compositions of alpha-crystalline from
goat lens and calmodulin, a calcium
binding protein in mammalian eye lens,
are also under physico-chemical
investigation.

Molecular electrostatic potentials of
several gamma-amino-butync acid
(GABA) inhibitors continued to be cal-
culated under different conditions to
select the biologically active con-
formers. Two electron donor com-
plexes are under study using molecu-
lar orbital techniques.
Plasma Physics

Construction of a tokamak machine
under the Hot Plasma Project of the
Institute is nearing completion. It is ex-
pected to be delivered in SINP labora-
tory by the end of 1986-87 and com-
missioned for active work by the mid-
dle of 1987-88. Some diagnostic sys-
tems, for use with the tokamak, are
under fabrication and will shortly be
tested. Considerable progress was
made on the computerised data ac-
quisition system. The main-frame
computer, a ND 100, was already in-
stalled which has been performing
satisfactorily. The necessary interface
is being built. The other areas of in-
terest are the wave propagation in
bound magnetoplasma with a wider
range of parameters, ion beam-plasma
interaction, and the production of
negative hydrogen ions by surface io-
nisation, technique.

On the theoretical side, the scatter-
ing of electromagnetic waves from
cylindrical piasma, interplanetary dust
particle and transparent spherical parti-
cles was studied. Nonlinear interac-
tions between Alfven magnetosonic
wave on earth's magnetosphere are
being worked out. A computer code
for the current build-up in a tokamak
system is being developed.
Nuclear Chemistry

Solvent extraction and reversed
phase extraction chromatography,
earlier developed as radiochemical
separation methods, have now been
successfully applied for the separation
of several element pairs. Attempts
were made to use positron annihilation
technique for the study of HDEHP sur-
fectant systems. Molecular weight
distribution of graft copolymers are
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also under investigation. A colloidal
semiconductor sample was succes-
fully prepared and attempts are being
made to use it as the light harvesting
agent in solar energy utilization.

Radiation chemistry of a biological
molecule like uracil as well as the flash
photolytic and luminescence beha-
viours of aminoacids and model
peptide systems are being investi-
gated. Alpha particle beam available at
VECC was used for studying the char-
ged particle induced radiolysis of uracil
in aqueous solution as well as for de-
termination of traces of niobium pre-
sent in geological samples such as
phosphate rocks.
Instrumentation

A comb generator was developed
for the 4-8 GHz frequency synthesiser,
fabricated earlier, with a microproces-
sor controlled harmonic selection facil-
ity. Tracking of a 4-8 GHz YIG-tuned
oscillator by the comb frequencies
under microprocessor control was
achieved.

For nuclear spectroscopy and
related work, some electronic
modules like (a) a rise-time spectro-
meter for large HP-Ge detector pulses,
and (b) a shape-compensated leading
edge trigger (with resolving time com-
parable to that in the ARC mode), for
fast coincidence in-beam work with
the VECC (using the large HP-Ge
detectors), were developed.

The standard method of beam cur-
rent integration was modified to deve-
lop a special kind of integrator to pro-
vide an easy and inexpensive alterna-
tive to the conventional CVC or CFC
techniques.

The apparatus developed earlier for
measuring radiative life-time of atoms
and molecules, together with a mono-
chromator, was successfully used for
studying a number of levels of Ar and
He.

The vacuum parts of a radio fre-
quency sputtering system are being
fabricated.
Theoretical Physics

Theoretical investigations in
high-energy physics cover (1) the ana-
ly-is of mass constraints in supergrav-
ity theories, (2) study of anomalies in
even and odd dimension as well as in
different bases, (3) identification of to-
pological quantum numbers in Skyrme
model, (4) stochastic quantisation
scheme for field theories, (5) vacuum
fluctuations in the early unive.se,
(6) unification of integrable nonlinear



systems through gauge equivalence
and (7) applications of quantum
inverse scattering theory. Investiga-
tions were also carried out on the foun-
dations of quantum mechanics and the
dynamical symmetry of one-dimen-
sional potentials.

In theoretical nuclear physics,
extensive investigations were carried
out on (1) nuclear reaction involving
deuteron disintegration, (2) application
of a non-Markoffian transport theory to
heavy-ion reactions, (3) inelastic alpha
scattering, (4) deep inelastic heavy-ion
reactions, (5) neutrino heating of

supernova and (6) statistical analysis of
Gamov-Teller sum rules. Nuclear
structure calculations were done using
the rotation-particle coupling model
and the anharmonic vibrator model.
The quenching of single-particle states
due to nucleon-nucleon correlations
from electron-simulated knockout
reactions and the structure of the high
spin states in odd-A transition nuclei
were also investigated.

In macromolecular physics, the
supercoil-induced B-Z transition and
its competition with possible transi-
tions to the cruciform states for suit-

able insets in plasmid DNA molecules
were studied with some interesting
results.

A mathematical model for tumour
growth on the basis of cell kinetic was
completed. A study on the geometry
of visual space is being pursued. Elec-
tron-conformational interactions in
macromoleculesand theirpossible role
in biological and enzymatic processes
are being investigated. The sub|ect of
deterministic chaos is being pursued
with particular emphasis on analogous
quantal systems.



The Tata Memorial Centre, compris-
ing of the Tata Memorial Hospital
(TMH) and the Cancer Research Insti-
tute (CRI), continued its activities in the
diagnosis, treatment and research on
cancer. The Centre continued its train-
ing programmes and educational acti-
vities.

Tata Memorial Hospital
During the year, 20,590 new pa-

tients were registered; 10,000 cases
proved to be of cancer. 19,439 surgical
procedures, 25,047 histopathological
examinations and 1,922 frozen sec-
tions were carried out.

The 22 bed Nargis Dutt Critical Care
Unit, benefited 4,373 patients, the
Pain Clinic gave pain relief to 169 pa-
tients; 5,581 patients received radio-
therapy treatment and about 500 pat-
ients received radiation treatment daily
The whole body CAT scan equipment
benefited 1,892 patients in the diag-
nosis of cancer, and over 60,000 radio-
logical procedures were carried out. A
paediatric ward with all facilities was
commissioned during the year. This
will enable children suffering from hae-
matological diseases to undergo long
term chemotherapy schedules. The
Tumor Registry of the Hospital coordi-
nating with the national cancer registry
proiect (NCRP) of ICMR, reported
10,619 cancer cases during the year
1984. A brief report on the type of
cancer seen, number of cases receiv-
ing various modalities of treatment and
subsequent follow-up information was
provided to NCRP.

A new Pharmacy Department equip-
ped with sophisticated equipment and
modern facilities was established. The

Commissioner, Food and Drugs Admi-
nistration, Bombay granted licence to
manufacture injectable preparations
required for indoor patients. Injectable
preparations such as infusion!I.V.).,
fluids, atropine sulphate injection,
water for injection, normal saline etc.
are manufactured in this Department.
Also, it has facilities for quality control
to take normal precautions for safety,
identity, strength, quality and purity of
these salines. There are facilities to
supply total parenteral nutrition (TPN)
solutions. The Cytology Laboratory
was officially accredited by the Indian
Academy of Cytology as a centre for
training. The Laboratory also partici-
pated in health camps conducted in
Bombay and Sangli and carried out
cytological examinations. Three more
detection camps are proposed to be
held at Bombay, Bhuj and Nasik. A
Hitachi-705 autoanalyser was instal-
led in the Biochemical Laboratory. This
is capable of conducting all the bio-
chemical investigations and is faster
than the manual methods.

A Norsk Data ND 550/CX computer
with 24 interactive terminals was in-
stalled in 1985 and the software suit-
able for hospital information system
for patient care, cancer research and
administrative areas was developed.
Progress is being made for online com-
puterisation of medical records and up-
dating of various computer compatible
forms for cancer diagnosis and treat-
ment. Identification details of patients
and the details of investigation carried
out on patients were stored in the
computer for patient management and
easy retrieval.

The Tata Memorial Hospital is a post
graduate university centre, affiliated to
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the University of Bombay. It registers
students for courses such as M.D.,
M.S., Ph.D., D.M.R.D., D.M.R.T., DA ,
and M.Sc. During the year 43 students
were registered in various specialities.
The Hospital conducts continuing edu-
cation on oncology programme for
doctors. During the year, 17 doctors
from all over the country attended the
programme. TMH in collaboration with
the Indian Society of Oncology held an
international cancer conference in
Bombay. In addition to that, a techno-
logy transfer programme was also or-
ganised to impart education on the re-
cent developments in the cancer field.
The Community Rural Centre at Barsi
of Solapur district, Maharashtra conti-
nued conducting rural camps.

Cancer Research Institute
The Cancer Research Institute con-

tinued its research both on applied and
basic aspects of cancer. The Basic re-
search on cancer is directed towards
the study of fundamental aspects of
cellular growth differentiation and their
control organs.

The Institute collected data from
6742 white collar workers and 5981
blue collar workers for their tobacco
habits followed them up for 1 to 5
years to determine the mortality and
morbidity rates. The study pointed out
the differences in the habit profiles of
these two classes, and also identified
the target group (blue collar workers)
for antismoking campaign. The Insti-
tute also conducted study to assess
prevalence of tobacco habits and
awareness of the tobacco associated
health hazards among school teachers

A sample survey was undertaken in
school children to identify tobacco
habits and to carry out preliminary pre-
vention programme. Cancer preva-
lence was also studied amorg various
religious groups and also in subdivided
endogamous groups which are known
to differ in their gene pools. Further
studies are underway.

In environmental carcinogenesis, a
multidisciplinary approach was pur-
sued towards tobacco carcinogenesis.
Preliminary studies showed that urine
samples of tobacco chewers and
smokers are highly mutagenic in S:
typhimurium assay. Epidemiological
surveys carried out by the Institute
also showed that use of red chilli in-
creases the risk of tobacco carcino-
genesis.

Experimental Carcinogenesis
Chemical carcinogenesis is a multi-

step process involving initiation of the
target cells by a carcinogenic insult,
and promotion of the initiated cells by a
number of promoting agents. Certain
tumour promoting agents were used
to study the development of cancer in
skin tissues. Further experiments
were carried out by using a chemical
carcinogen ENU in the induction of
brain tumours in rats.

Animal Models
The ICRC mouse inbred and main-

tained at the Institute is used tor vari-
ous biological studies. This mouse is
characterised by development of
megaoesophagus at 3-4 months of
age in all the animals. This ano-
maly, which first appeared in the 49th
generation, is due to a defective de-
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velopment of the local nerve plexus
Since cancer of the oesophagjs is a
fairly common malignancy in certain
parts of India, this animal model will be
of great use to assess the environmen-
tal risk factors and potential chemothe-
rapeutic agents.

Oral Tumours
Spread of cancer disease from oral

cancer is somewhat rare compared to
other malignancies. Immune reactivity
of cells from different lymphoid com-
partments in oral cancer patients may
have some influence in the control of
spread of malignant cells. From this
point of view the Institute investigated
the phenotypes and functions of

mononuclear cells from peripheral
blood (PBMNC), droning lymphocytes
(LN-MNC) and tumour infiltrating lym-
phocytes (TIL). The results of these
studies indicate that while PBMNC
show hyporesponsiveness of T-cells
and intact natural killer and antibody
dependent cellular cytotoxicity (NK
ADCC) functions, LN lymphocytes
showed unimpaired T-cell responses
and almost negligible NK/ADCC cyto-
toxicity. Further attempts are being
made to assess the tumoricidal func-
tions. Studies conducted at the Insti-
tute showed that the circulating im-
mune complexes (CIC), may be asso-
ciated with the prognosis of the dis-
ease. Oncogenes, which were
thought to exclusively exist in animal
tumours, have now been shown to ex-
is*, in a significant fraction of human
tumours.

Growth Modulators
One of the factors responsible for

promoting epithelial cell growth is the
epidermal growth factor (EGF). The In-
stitute identified and purified, from
mouse small intestines, a polypeptide
which increases the binding of labelled
EGF to fixed A431 cells in the radio-
receptor assay. Due to this propei+v
the factor was termed as "Enhancing
Factor" (EF). EF was purified to homo-
geneity. It was also indicated that EF
interacts with labelled EGF even in the
absence of cells. The in-vltro studies
indicated that EF makes EGF available
to the cell through its own receptor
even in the absence of functional EGF
receptors

Leukaemias and Lymphomas
Cancers of the haemopioetic sys-

tem form a large portion of human
cancers treated at the Tata Memorial
Hospital. These malignancies are gen-
erally monoclonal in origin and are
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characterised by unlimited growth of
blood forming cells at a certain level of
differentiation, with a potential to un-
dergo further diffe,. .tiation. Various
studies to assess abnormalities of cel-
lular functions of the malignant cells,
their differentiation, surface structures
and relationship with cellular immune
mechanisms are being conducted at
the Institute in collaboration with TMH.
Concanavalin-A (Con A) is another
ligand poorly internalised by the granu •
locytes of the CML patients. To under-
stand the biochemical lesion underly-
ing this defect, Con A binding proteins
exposed on the surface of normal and
leukaemic granulocytes were isolated
and analysed. Mixed function oxidase
(MFO) system is centrally responsible
for the biotransformation of foreign
chemicals (xenobiotics) that enter the
body. This Institute demonstrated, for
the first time, the presence of MFO
system in human normal and leukae-
mic granulocytes. A unique feature of
the granulocyte MFO system was re:
vealed by the spectral studies carried
out with several inducing agents. It
was observed that cells from 55 per-
cent of the CML patients in remission
show significantly reduced NK cyto-
toxicity. Attempts were made to boost
up the NK activity by cytokines. The
results indicated that appropriate mod-
ulating procedures could be adopted to
increase the functional effector
mechanisms in CML—a finding which
may have direct applicability in the
clinic.

Development of Monoclonal Anti-
bodies

Attempts were continued to pro-
duce human monoclonal antibodies by
fusion of EBV transformed draining
lymph node from oral cancer patients
with human lymphoblastoid cell line, to

identity reagents specifically reactive
against oral cancer cells.

Hodgkins' disease (HD), a malignant
lymphoma, is associated with T-cell
hyporesponsiveness, even in the early
stage of the disease. Extensive stu-
dies were conducted to elucidate the
factors influencing T-cell dysfunction.
Circulating immune complexes were
detected in the sera of human subjects
suffering from a variety of diseases in-
cluding neoplasia. Many investigators
attempted to correlate CIC levels in
cancer patients with tumour burden,
existence of metastases, response to
therapy and recurrences. In a systema-
tic study on patients with CML and HD,
levels of CIC and their components
were measured and analysed in rela-
tion to the clinical events for progres-
sion of the disease. A group of non-
Hodgkin's lymphoma (NHL) patients
was investigated for immune parame-
ters such as CIC and spontaneous
cytotoxicity.

NMR studies were conducted on a
number of haemopoietic normal tis-
sues and their malignant counterparts.
In these studies, lymph nodes from
patients with NHL and HD show higher
water proton spin relaxation time val-
ues than those of normal lymph nodes.

Hormones and Cancer
Search for hormonal markers in

cancer is an important aspect of cancer
research from diagnostic and thera-
peutic points of view. Inhibin, originally
thought to be a gondal peptide hor-
mone, was shown to be preserit in
prostatic tissues as well.

Anticancer Drugs
Several natural products extracted

from plants have been found to pos-
sess promising antitumour activity.
This Institute continued to examine a

Quality control section of the Division of Pharmacy

number of natural products for their
ability to potentiate the antitumour ac-
tivity of known anticancer agents. A
novel approach to anticancer drug de-
sign was initiated by incorporating two
mutually complementary activities into
a single entity, namely 2, 5-pyrorolidi-
nedione with the alkylating agent
N-mustard.Six of the 35 compounds
synthesised, belonging to pyrorolidi-
nedione-N-mustard series showed
significant increase in the life-span of
mice bearing L 1210 lymphoid
leukaemia.

One of the factors counteracting ef-
fectiveness of chemotherapy is the
emergence of drug resistant cells.
Such cells resistant to one drug show
cross resistance to other compounds.
A subline of murine leukaemia P388
resistant to adriamycin P388/ADR
was developed to study the mechan-
ism of resistance to characterise the
pattern of cross resistance to other
drugs, and to find out anthracycline
analogues to which the tumour does
not show cross resistance.

Basic Studies
Genetic linkage of a disease with hu-

man leukocyte antigens (HLA) is prov-
ing useful in identification of individu-
als at risk. Experiments with cell-free
ascites fluid and its fractions estab-
lished that some of their components,
which can diffuse into circulation from
the periotoneal cavity, have the ability
to modify the agglutinability of erythro-
cytes in-vitro. These components
were detected in the plasma of tumour
bearing rats. Efforts to isolate and
purify the surface modifying compo-
nent.yielded a glycoprotein which ex-
hibited surface modification activity in-
vitro.

Anti-Leprosy Vaccine
The anti-leprosy vaccine was

cleared by the Drug Controller of India
for phase-Ill programme which will be
conducted in collaboration with the
Government of Maharashtra in Sola-
pur, Osmanabad and Latur districts of
the State. Another promising develop-
ment is the preparation of a 'sub-unit'
vaccine which can enhance immunity
in healthy subject. The 'sub-unit' vac-
cine was recently cleared for phase-l
and phase-lj clinical trials.

An international course on "Health
Monitoring of Human Populations Ex-
posed to Mutagens and Carcinogens"
in collaboration with the WHO was
conducted by the Institute from 3-14,
November 1986



The institute of Physics, Bhubanes-
war has been working as an autono-
mous aided organisation under the
administrative control of the Depart-
ment of Atomic Energy for the last two
years.

The Institute continued its research
work in different branches of theoreti-
cal and experimental physics. The
work carried during the year resulted in
bringing out 30 preprints out of which
some have been accepted for publica-
tion in international journals.

The institute conducts regular pre-
doctoral programme, where a broad
based education in advanced physics
for one year is imparted. Apart from
this the faculty members also give ad-
vanced research level course to Ph.D
students.

The research activities of the Insti-
tute can be broadly grouped into two
categories: theoretical physics and ex-
perimental physics. The main areas of
research in theoretical physics are con-
densed matter physics, nuclear phy-
sics and particle physics. The experi-
mental activity consists of applying
nuclear techniques to problems in con-
densed matter physics. The activities
in various branches are briefly sum-
marised below:

Condensed matter physics: The
main areas of research work in con-
densed matter physics include study
of collective excitation in ordered and
disordered solids, metals, super-
conductors and study of nonlinear
modes in these systems. The work is
being done on dampening of plasma
excitations in metals. Using this, one
can explain plasmon line width in
metals. The work is also being done to
explain experimentally observed
Raman spectra of charge density wave
superconducting layered compounds
2H-NbSe2. Collective modes in
charged density wave superconduc-
tors were also studied. Various models
of nonlinear modes in solids were con-
structed and studied. Their stability
and dynamics is being studied in
details.

Nuclear Physics: The maior areas of
study in nuclear physics are high spin
states, heavy ion-collisions, effects of
nuclear quark structure in nuclear
physics and the mass formula for finite
nuclei. Angular momentum projection
technique was used to study high spin
states as well as the states well above

yrast line in number of nuclei. Defor-
med Hartree-Fock calculations are be-
ing done to study shell closer in de-
formed nuclei. The work in heavy ion
collision consists of investigation of
deep inelastic scattering in low energy
heavy ion collision and quark gluon
plasma formation in high energy heavy
ion collision. A new mass relation
betwen neighbouring nuclear masses
has been obtained and an infinite
nuclear matter model for nucleus was
proposed

Particle physics: The work in particle
physics is being done in areas of super-
symmetry, grand unification and super
gravity, Grassmannian super sym-
metric 6 models, and field equations
with Chern-Simon terms. A new inter-
action christened as the fifth interac-
tion was proposed. It follows from
considerations of invariance of
Maxwell equation under space time
dependent duality transformation.

Experimental physics: Experi-
mental apparatus forCompton scatter-
ing and positron annihilation studies
has been set up at the Institute. Both
compton scattering and positron anni-
hilation experiments are used to in-
vestigate electron distribution in
solids. The information obtained from
these two experiments is, however,
complementary and therefore gives a
complete picture of electronic distribu-
tion. This provide a good tool for defect
studies.

This year the compton profiles and
their fourier transforms in LiF were
studied. Moreover the directional
Compton profiles of CaFs NaCI, KCI,
MgF2 were studied. The experimental
results agree well with the existing
theories and match well with the re-
sults of other groups in the field. The
positron annihilation technique is
well stablised as one of the powerful
tools for investigation of electronic
structure and atomic defects of solids.
Studies on grown and annealed sam-
ples of undoped n-type GaP single
crystals were conducted. The bulk life
time of 223 picosecarel was obtained
which was consistent with the result
for other semiconductors.

During January 1987 the Institute or-
ganised a work shop on "High Energy
Heavy Ion Collisions and Quark: De-
grees of Freedom in Nuclei" at Puri.
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Atomic Energy
Regulatory Board

The Atomic Energy Regulatory
Board continued to perform its assig-
ned regulatory functions. The Board
held 5 meetings during the year and
took important decisions.

Out of the 4 technical committees
and 4 task groups appointed by AERB,
three completed their tasks. The
reports of the technical committees
accepted by the Board have been:
(1) Review of the Operational Safety of
TAPS, (2) Review of Quality Control
and Quality Assurance Programme
and (3) Review of the Unusual Occurr-
ences at RAPS. The reports finalised by
the task groups include (1) Review of
the radiation safety status of X-ray
diagnostic work in the country and (2)
Review and analysis of the unusual oc-
currences in medical, industrial and re-
search institutions in the country as
well as in the transportation of radioac-
tive materials.

The regulatory inspections of
MAPS, NAPP and FBTR were conduc-
ted by the Board during the year and
the inspection reports were sent to the
concerned units and NPB for compli-
ance and for getting response to the
observations/comments made.

The Board has also undertaken pre-
paration of codes and guides in the
nuclear, medical, industrial and trans-
portation areas.

Among the workshops and semi-
nars organised by the Board during the
year, mention can be made of a na-
tional seminar on medical X-ray practi-
ces. Other notable events include a

1-week training programme on 'ICRP
Recommendations and their Basis',
the constitution of a task group to re-
view all aspects of training courses in
radiation safety, installation of a mini-
computer SN-23 and the development
of some software packages.

Safety Review Committee

The Safety Review Committee
ISRC) continued to evaluate and
enforce radiological and industrial
safety in all Units, including Public Sec-
tor Undertakings, of the Department to
ensure safety of the operating person-
nel, members of the public and the
environment. Safety surveillance was
undertaken in the units through the
Health Physics Division, BARC. Safety
related unusual incidents in the diffe-
rent units were reviewed through the
three-tier Safety Committees. Re-
quests for safety clearance were re-
viewed by SRC and necessary recom-
mendations made to the Atomic En-
ergy Regulatory Board (AERBI.

Personnel radiation exposures and
effluent releases during the year were
well within permissible limits. Environ-
mental impact from the operation of
DAE installations was assessed by the
Environmental Survey Laboratories to
be insignificant.

The Department continued to parti-
cipate in the Incident Reporting
System (IRS) of the International
Atomic Energy Agency (IAEA). The in-
formation received from IAEA-IRS was
disseminated to the operating power
plants (TAPS, RAPS & MAPS).

Necessary revisions were made in
the Radiation Protection Manual for
Nuclear Facilities to incorporate Top left: Jobs are done in protective clothing.
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countermeasures in the event of radio- gency systems at country's power dent or Radiological Emergency
logical emergencies', in the light of the plants and to recommend appropriate (CERMANA) adopted by the IAEA
recommendations made by the Inter- remedial actions. The report of the General Conference in September
national Commission on Radiological Task Force is awaited. 1986 SRC has been intimated as the
Protection (ICRP). l n d i a n a s s i g n e d t h e convention on f o c a l P° i n t f o r i s s u i n 9 a n d receiving the

In the wake of the Chernobyl acci-. Early Notification of a Nuclear Accident notification and information m the Cdse
dent, SRC has constituted a Task (CENNA) and the Convention on As- of nuclear accidents
Force to review the safety and emer- sistance in the case of a Nuclear Acci-
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Indian Rare Earths Ltd. is engaged in
the recovery of various minerals
namely ilmenite, rutile zircon, mona-
zite, garnet and sillimanite from the
beach sands and the processing of
monazite to obtain rare earths com-
pounds and a thorium-uranium con-
centrate.

During the financial year 1985-86,
the Company achieved a sales turn-
over of Rs. 23.80 crores which is 19.78
percent over the previous year's
figure, and a gross profit of Rs. 7.22
crores. The Company also earned
foreign exchange of Rs. 13.49 crores.
The Company has been consistently
paying dividend to the Government for
more than two decades, and the divi-
dend paid during this year was
Rs. 26.08 lakhs.

Due to constraints of raw sand sup-
ply in the mineral separation plants at
Manavalakurichi and Chavara, produc-
tion of minerals was marginally lower

Gross profit and net profit

than that of the previous year. In the
Rare Earths Division, the capacity utili-
sation improved to 95 percent. To re-
move the constraint of raw sand sup-
ply in the Manavalakurichi plant, a
Dredge & Wet Concentrator plant was
commissioned during this year. At
Chavara.a similar project for a Dredge&
Wet Concentrator was also taken up. A
substantial increase in production will
be achieved in about three years when
this project is completed. Some short-
term measures were also taken up to
augment the feed to the Chavara plant.

OSCOM Project
The construction work of the project

has almost been completed and all the
sections of the plant have been com-
missioned. The total revised project
cost has gone uptoRs. 133 crores. The
plant has been in commercial opera-
tion since October, 1986. Certain de-
ficiencies were observed in the per-
formance of some equipment in the

Year

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

Gross Profit
Rs. in lakhs

244.9
375.1
224.6
215.2
217.4
207.3
364.8
363.4
180.5
503.0
647.3

Net Profit

97.3
151.9
97.0
96.5
90.7
85.2

157.3
139.0
155.7
491.6
638.4

Top left: Inside view of Thorium Plant of IRE
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dry mill during the trial runs, which
have come in the way of achieving the
desired level of production. With cer-
tain modifications already made and
others in progress, a capacity of about
50 percent is expected to be achieved
in the next few months. The produc-
tion of synthetic rutile is also picking up
and the project is expected to contri-
bute to the profits during 1988-89
when near full production is anticipa-
ted to be achieved.
Thorium Plant

The production in the Thorium Plant
also increased during 1985-86 as com-
pared to the previous year. In view of
the increased demand of thorium ni-
trate, efforts are being made to further
increase production. Sanction was re-
ceived from the Government for set-
ting up a new plant based on the sol-
vent extraction process developed in
collaboration with BARC and the work
on setting up of this plant was taken
up.
Research and Development

Research and development work in
the Company is carried out in collab-

oration with BARC. Important pro-
grammes include the separation of in-
dividual rare earths from the mixed
rare earth chloride in the Rare Earths
Division and the techniques for im-
proved recovery of minerals in the
Minerals Division and development of
various mineral based products. To
create awareness amongst the pros-
pective consumers of the products of
IRE, of the new technological trends
elsewhere in the field of rare earths
and to delineate areas where develop-
mental and research efforts have to be
directed to widen the fields of produc-
tion, and application of rare earths in
the country, an International Sympo-
sium on "Rare Earths — Application
and Technology" was organised at
Bombay on 25-26 September, 1986.

Future plans and outlook
With the expansion of activities and

taking into consideration the world
market situation, the Company is in the
process of drawing up a five year cor-
porate plan. In the Minerals Division,
substantial increase in the production
will be achieved in about three years

after the commissioning of the Dredge
& Wet concentrator at Chavara
Plant A Dredge & Wet concentrator
has already been commissioned at
Manavalakunchi to remove the con-
straints on production due to the lack
of raw sand availability For improving
recovery of various minerals, re-
placement of old equipment and aug-
mentation are being carried out in both
the plants. The Company is also ex-
ploring the possibility of working on
new deposits.

In view of the change in the use-
pattern of rare earths in the world, di-
versification of the product range has
been taken up. Separation of various
concentrates from the mixed rare
earths has been started in a phased
manner. The project on recovery of
uranium and helium and the moderni-
sation of equipment are in progress
and expected to be completed in about
six months.

The sales turnover is expected to
reach Rs. 70-80 crores within three
years.
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Production and income for the year
1985-86 were Rs. 116.66 ciores and
Rs. 111.41 crores respectively and the
Corporation earned a net profit of
Rs. 9.94 crores. The working results of
the Corporation for the year 1986-87 in
terms of production, income and net
profit are estimated to be Rs. 138.63
crores, Rs. 141.85 crores and Rs. 7.66
crores respectively.
Participation in DAE's Programme

During 1985-86, the Corporation
produced Rs. 8.6 crores worth of in-
strumentation and control systems for
supply to NAPP and Khammam Che-
mical Refinery Captive Thermal Power
Plant. During the year 1986-87, it is
planned to supply instrumentation,
control and computer systems worth
Rs. 16.50 crores for nuclear power
projects and other atomic energy prog-
rammes. The Corporation is planning
to supply the instrumentation and con-
trol systems for NAPP, and micro-
processor based instrumentation and
control systems and computer for data
acquisition with field transducers for
KCR Project.

Other highlights of operations
during 1985-86

The Corporation continued to prog-
ress in its chosen thrust areas namely
the computer systems, control and in-
strumentation systems and communi-
cation systems. The ECIL designed
fourth generation Micro-32 computers
were supplied in large numbers to im-
portant users including LIC, National
Informatics Centre, National Dairy De-
velopment Board and Industrial Train-
ing Institutes. ECIL also supplied TDC
316/Ellipse systems to LIC and tele-

text systems to Doordarshan and a
number of computer based radar data
handling systems to the Indian Air
Force. Besides supplying computer
based telesupervisory / telecontrol
equipment to Neemuch and Tandur
Cement Plants and to the HBK Pipeline
Project of the Indian Oil Corporation,
ECIL supplied computer based data
acquisition systems to thermal power
plants at Ramagundam, Korbaand Rai-
chur and two turbine automation pack-
ages meant for Wanakbori and Anpara
thermal power stations.

In the field of communications, the
Corporation supplied VT fuze products
and HF intercept receivers 'o Defence,
troposcatter antennas, line of sight an-
tennas and towers to RCPO
Stage-Ill extension works of Defence,
earth station antennas and compo-
nents to ONGC, ISRO and NTPC, line
of sight antennas and self-radiating
masts to DOT and AIR, airtraff.c con-
trollers to the Indian Air Force and the
Department of Civil Aviation, high
power amplifiers to'DOT and HFA/HF
transreceivers to the Border Security
Force, Police, Forest Departments and
Coal fields. The Corporation continued
supplies of communication equipment
such as direct receiving sets'TV re-
ceive only required by Doordarshan for
its low power TV transmitters.

The Corporation also supplied X-ray
baggage inspection systems for the In-
ternational Airports Authority and
Department of Civil Aviation, for instal-
lation at major airports, industrial in-
struments to Railways, BHEL and
Steel Plants and nuclear instruments
to DAE units, research and educational
Institutions,

Top left: Control system manufactured bv
ECIL



The colour TV of ECIL design was
very well received in the market. The
production and supply of colour TV
sets improved substantially.
Outlook for the period 1986-87

The outlook for the Corporation is
encouraging in the light of continued
accent given to electronics by the Gov-
ernment of India and the growing
Nuclear Power Programme of DAE. In
the field of computers, the Corporation
has finalised technology transfer
agreement with M/s Norsk Data, Nor-
way for Super-32 Computers and sup-
ply of these systems from indigenous
manufacture is planned during the
coming year. Increased contribution to
the nuclear power and other program-
mes of DAE such as the Heavy Water
Projects and technology absorption
from Siemens for turbine automation
systems would substantially improve
the operations in the area of control
systems.
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Micro-32 computer designed by ECIL

In the area of communication sys-
tems, the Corporation is supplying C-
band TVRO for INSAT to Doordarshan
and 20W high power amplifiers to the
Department of Telecommunications.
Supply of VT fuze products, troposcat-
ter antennas and LOS towers, with
antennas for Defence, HFA/HF equip-
ment comprising of air traffic control-
lers and transreceivers to Defence will

continue. The Corporation has major
orders for supply of X-ray baggage ins-
pection systems to the Department of
Civil Aviation and plans to supply a ma-
jor portion and instal at .\jnous airports
in the country. The Components Group
will concentrate on special compo-
nents such as thick film devices, nickel-
cadmium batteries, technical cera
mics and microwave components,

besides the printed circuit boards aYid
silicon power transistors

Institutionalisation of systems for
more coordinated short term planning
and effective monitoring and the mea-
sures initiated to progressively even
out the quarterly production targets
are expected to lead the Corporation to
sustain the present porformnncR 'n the
coming year nlso
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During the year 1985-86, the Corpo-
ration could achieve a slight increase
over the all time high record of produc-
tion of uranium concentrate achieved
in the previous year. In terms of capac-
ity utilisation, the ore produced in the
Mine during the year was 88.4 per cent
as against 88.9 per cent during the pre-
vious year.The ore processed in the
Mill during 1985-86 increased to 103.5
per cent as against 97.9 per cent dur-
ing the previous year However due to
lower grade of ore processed the in-
crease in production of uranium con-
centrate was only marginal. The
figures would have been still higher
but for the production time lost due to
the failures in power supply.

The uranium mineral concentrates
produced at the Surda and Rakha

Uranium Recovery Plants were belovv
the targets as the power supply at
these plants continue4Jo be highly
erratic and the plants could be ope-
rated only for about 50 per cent of the
available time. As the feed grade at
both these plants also came down, the
resultant grade of mineral concen-
trates was lower.

The production of by-products
namely copper and molybdenum con-
centrates and magnetite exceeded the
targets and was well above the pro-
duction levels of the previous year.

Higher quantity of ore was produced
this year at Bhatin incidental to the de-
velopment during construction of the
Mine. This ore, though of lower grade,
provided additional feed for the Mill at
Jaduguda.

Top left: Uranium Recovery Plant at Mosabom
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Financial performance
During 1985-86 the income of the

corporation at Rs. 16.96 crores was
higher by Rs. 2.08 crores than that of
the previous year which itself was a
record. The profit earned in 1985-86
was also higher at Rs. 1.34 crores
against Rs. 1.17 crores in the previous
year before adjustments etc. The com-
pensation for acquisition of uranium
concentrate was revised from 1 April,
1985 by DAE taking into consideration
the rise in the cost of major inputs etc.
The Corporation's contribution to the
exchequer would be about Rs. 1.56
crores on account of taxes, duties,
royalty/cess and interest on govern-
ment loans etc.

Expansion programme
The construction of Bhatin Mine and

erection of the Uranium Recovery
Plant at Mosaboni were completed.
The expansion of the Mill at Jaduguda
is progressing well and is likely to be
completed in early 1987. The Ill-stage
shaft sinking is progressing as per
schedule. Government's approval is
awaited for the Narwapahar and
Turamdih (East) projects for setting up
of uranium Mines and Mill.

The feasibility report on uranium de-
posit at Bodal in Madhya -Pradesh is
under consideration of the Govern-
ment. Feasibility studies also
commenced on uranium deposits
located at Bagjata and Turamdih
(West).

Research and development
Under a major programme of

investigations aiming at improve-
ments in uranium recovery from cop-
per tailings, the plant scale trials are
being conducted at Mosaboni. For this
purpose, the existing pilot plant was
closed to make room for installation of
the new equipment. The first phase of
studies were completed and the report
is being prepared.

The uranium mine at Bhatin

Studies were continued on the re
covery of nickle from the ore While a
multiple hearth furnace and matching
facilities of leaching and solvent ex
traction were run during the yeai and
small quantities of copper and nickel
sulphate crystals were produced, a rot-
ary tube furnace of higher capacity was
installed and is now being tested The
extraction facilities are also being
augmented.
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Directorate of Purchase and Stores

DPS continued to render services to
all the units of DAE in respect of the
equipment/system/raw materials etc.
as also their handling, transportation
and storage.

The Directorate handled 46,216
purchase requisitions and concluded
40,826 purchase contracts of large,
medium and small values. The total
cost of the purchase during the year
amounted to Rs. 319 crores and the
number of bills handled was 60,000.
The Purchase and Accounts units was
relocated to an interim premises
within BARC complex.

Many major contracts were nego-
tiated by DPS and large savings were
effected.

The transport and clearance unit of
DPS handled nearly 5000 consign-
ments. Some of the major clearance
operations involved 12.000T of steel
billets. A good co-ordination amongst
the various Transport and Clearance
units of DPS resulted in che speedy
and smooth movement of three steam
generators from Tiruchirapalli to
Narora.

The permanent warehouse for
NAPP stores got ready during the year
and the systematic arrangements of
various items of inventory, particularly
spares inventory commenced. The
storage facilities for power projects at
Trombay village were ready during the
year. The storage arrangements are
being made in a systematic fashion.

The Technical Liaison Mission of
DPS at Paris shouldered heavy res-
ponsibilities during the year in the mat-
ter of inspection of specialised jobs,

follow up of some critical supplies,
shop inspection leading to establish-
ment of new/alternate sources of sup-
plies, etc. The Technical Liaison Mis-
sion continued to handle matters con-
nected with the supply of TAPS fuel by
COGEMA and their timely intervention
by presenting substantial data resulted
in considerable savings to the
Department.

Construction and Services Group
Civil Engineering Division

The Civil Engineering Division of the
Construction and Services Group, per-
forms the planning, designing, cons-
truction and commissioning of civil,
public health, electrical, air-condi-
tioning and ventilation works in res-
pect of housing, hostel, school, hospi-
tal, laboratory and various other public
buildings of various units of DAE inc-
luding the aided institutions.

Out of the 1948 flats proposed to be
constructed under the Vlth Plan, 1210
flats were completed and handed
over. The balance i.e. 434 flats of Type
IV(D) and 304 Efficiency Appartments
are in very advanced stage of
completion.

Construction of the DAE Office
Complex building at Anushaktinagaris
in full stream and 60 percent of work
has been completed. Construction of
C1 block consisting of 42 flats and 6
guest houses for TIFR is in ad-
vanced stage of completion. In case of
128 residential flats of type I(A) and
1KB) for TIFR and 64 residential flats for
TMC at Mandala, about 95 percent of
construction work has been comp-
leted.

All the 52 flats for VECC (Phase I
Housing) were handed over to the us- Top left: Systematic storage at Trombay

78



ers. Construction of 64 flats in Phase-ll
is in progress and about 20 percent of
work has been completed.

Construction of 57 flats for AMD at
Shillong was completed and handed
over. Construction of laboratory at
Shillong for AMD is nearing
completion.

Construction of 52 flats of various
categories for AMD at Bangalore is in
progress and 85 percent of the work
has been completed. Construction of
laboratory for AMD at Bangalore has
been completed.

Draft agreement for purchase of 28
ready built flats for AMD at Hyderabad
has been prepared and is under fina-
lisation.

Construction of 16 flats for AMD
Housing at Hyderabad is expected to
commence during 1986-87.

Construction of 24 flats of various
types for Radio Astronomy Centre at
Ooty is in progress and 30 percent of
work has been completed. Construc-
tion of laboratory block 'D' for 71FR
and Pelletron tower, beam hall and
laboratory building for BARC was
completed and handed over to the
users.

Construction of research facilities
for Sludge Hygienisation Research Ir-
radiation Project at Baroda was comp-
leted and handed over to the users.

Construction of facility sheds and
housing at Powai, Bombay for the
SAMEER Project commenced and 10
percent work was completed.

Construction of Ware House Facility
for KAPP was completed and handed
over to the users.

Construction work for Command
Construction activities in progress at CA T, Indore

Hospital for the Nuclear Medicine
Centre at Calcutta is expected to com-
mence during 1986-87.

Detailed engineering design, plan-
ning and estimation in respect of TTP
works at Bombay, TIFR works at
Bombay and Ooty, TMC works at
Bombay, SINP works at Calcutta,
AMD works at Hyderabad Shillong
Bangalore, VEC works at Calcutta,
SAMEER Project at Powai and Giant
Metric Radio Telescope at Pune were
carried out during 1986-87.

Engineering Services Division
Engineering Services Division of the

Construction and Services Group is in
charge of maintaining 5128 flats and
25 public buildings in Anushaktinagar,
Mandala and city area including execu-
tion of improvement works of minor
capital nature required for those build-
ings. Besides it is responsible for the
operation and maintenance of the wa-
ter supply distribution, power distribu-
tion and sewage treatment plant in the
Township at Anushaktinagar.

Directorate of Estate Management

The Directorate of Estate Manage-
ment looks after the management of
lands and buildings owned, leaded or
hired by the Department in Bombay.
During the year, 104 new 'C type flats
were taken over and allotted to applic-
ants who joined service till December
1973 and are eligible for type 'C flats,
whereas in categories 'A', 'B' and 'D',
the position remains as last year.

Overall percentage of satisfaction in
different types of flats has reached to
about 29 percent.

Financial Assistance

The Board of Research in Nuclear
Science (BRNS) of the Department of
Atomic Energy oversees all the acti-
vities of sponsored research, fellow
ships, symposia etc. BRNS is com-
posed of eminent scientists of the
country apart from senior scientists
and officers of the Department

The broad objectives of BRNS is to
encourage research in the main bran-
ches of science and engineering.
BRNS considers for suitable support
any research scheme proposed by a
competent investigator in the areas of
special concern to DAE with the objec-
tive of developing research and techni-
cal manpower and facilities in these
institutions.

BRNS meets twice every year to re-
view sponsored research under its
auspices and considers financial assist-
ance for the following period. During
1986-87 BRNS recommended finan-
cial assistance to the tune of about
Rs. 100.00 lakhs for conducting new
and ongoing research projects. BRNS
also gives great emphasis on the pre-
sentation of the results of scientific re-
search and discussions in open semi-
nars and symposia attended by active
workers in the respective fields. Dur-
ing 1986-87, BRNS organised 15 sym-
posia in areas like nuclear physics,
solid state physics, radiation chemis-
try, nuclear engineering and techno-
logy, biology and medical, isotopes,
food and agriculture, material scien-
ces, electronics and instrumentation.
In addition, about 27 specialised semi-
nars, symposia and workshops were
sponsored by BRNS. A grant of
Rs. 9.67 lakhs has been provided for
this purpose.

BRNS grants research fellowships
under sponsored research schemes. A
provision of Rs. 15.00 lakhs has been
made in 1986-87 budget for awarding
fellowships.

The Department is fully funding four
research institutions under its adminis-
trative control, i.e. Tata Institute
of Fundamental Research, Bombay.
(Rs. 1301.20 lakhs), Tata Memorial
Centre, Bombay (Rs. 867.10 lakhs),
Saha Institute of Nuclear Physics,
Calcutta (Rs 498.79 lakhs) and
Institute of Physics, Bhubaneswar
(Rs. 142.00 lakhs). Assistance is also
being given for development oi
mathematics to the Institute of
Mathematical Sciences, Madras
(Rs. 50.00 lakhs), Mehta Research In-



stitute, Allahabad (Rs. 10.00 lakhs) and
National Board for Higher Mathemat-
ics (Rs. 20.00 lakhs).

Management Services Group

The Management Services Group
(MSG) is an inhouse multidisciplinary
Group providing staff support for ana-
lysis and dissemination of manage-
ment information to senior officials.
This Group conducts perspective plan-
ning exercises on nuclear power, car-
ries out financial analysis, feasibility
studies and manpower planning, deve-
lops computer software, provides
management consultancy services to
the Department and its units and is in
the process of building of an informa-
tion base at the Secretariat. The Group
operates a comprehensive reporting
system and is responsible for generat-
ing periodic reports to the Prime Minis-
ter, AEC and other senior officials at
the Secretariat on (a) the physical and
financial progress of major projects
under construction and (b) the perfor-
mance of nuclear power stations,
heavy water plants, other operating
units and public sector units of the
Department.

The Group also prepares back-
ground papers for the review meetings
on the public sector units.

These reports enable the Depart-
ment to foresee majo^ problems and
coordinate measures in solving the
same.

Some specific tasks and assign-
ments which the Group took up during
the year were:

a) Operating and maintaining the
SN-23 Computer System at Anu-
shakti Bhavan.

b) Installing PC workstations for
various officers/sections at the
Secretariat.

c) Conducting training programmes
to acquaint all personnel at the
Secretariat in the usage of PC
workstations.

d) Initiating work on the acquisition
of DAE's own Inhouse Computer
System.

e) Coordinating with the Ministry of
Programme Implementation for
monitoring the progress on major
projects under construction.

f) Preparation of the Annual Action
Plan of the Department.

General Services Organisation

General Services Organisation looks
after general services at Kalpakkam.

The functions and responsibilities pre-
sently performed by GSO are cons-
truction of residential quarters and
public buildings, estate management
including guest house, hostels and
public buildings, township mainte-
nance including maintenance of roads,
sewage plants, parks and gardens etc.,
DAE hospital, departmental transport,
auto-garage and miscellaneous gene-
ral services.

The Construction Wing is handling
construction works of about Rs. 2.50
crores. Estate management includes
allotment of residential quarters,
recoveries of licence fee, electricity
and other charges, allotment of shop-
ping facilities in the Township and co-
ordination in respect of public services
like banks, post office, telephones,
Electricity Board, Police etc., running
of the guest house and hostels and
acquisition of land. Township mainte-
nance includes maintenance of power
and water supply, roads, sewage
plants, parks and gardens etc. Mainte-
nance of civil, electrical and public
health of the entire township consist-
ing of 3400 residential quarters, public
buildings, distribution of water supply,
maintenance of sewage treatment
plant, upkeep of roads and bridges.

There is a 38-bed hospital with diag-
nostic facilities namely X-ray, patho-
logy and clinical investigation labora-
tories. There is a maternity ward, den-
tal clinic and operation theatre. Specia-
lists from Chengalpattu Medical Col-
lege & Hospital visit the Hospital every
week. Steps are also under way to
establish a Site Medical Service for
MAPS/IGCAR.

There are at present 22 buses and 9
lorries and 3 more buses are being pro-
cured during the year 1986-87. Main-
tenance of all heavy and light vehicles
of DAE Units at Kalpakkam numbering
100 is carried out in the auto garage.

Miscellaneous services like co-or-
dinating the activities of three Kendriya
Vidyalayas are also carried out. Co-or-
dination and liaison with State Govern-
ment, Panchayats and other Central
Government Departments are also
done by the Unit.

International Relations

For the 30th year in succession
since the inception of the International
Atomic Energy Agency (IAEA), India
was once again designated to the
Board of Governors as one of the
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countries "most advanced in the tech-
nology of atomic energy including the
production of source materials",
underscoring her leading status in this
frontier technology.

India continued to offer training faci-
lities, fellowships, scientific visits, etc.
and to make available the services of
its scientists for expert assignment,
both through IAEA and to countries
with which we have entered into bila-
teral agreements.for cooperation in the
peaceful uses of atomic energy.

About 330 scientists/engineers
participated in international symposia,
workshops, conferences, etc. on rela-
ted subjects held under the auspices
of various UN and other multilateral
organisations as also IAEA. India also
hosted IAEA meetings, workshops
etc. and two training courses under the
Regional Cooperation Agreement Pro-
gramme, one on Reactor Neutron
Beam on Study of Materials and the
other on Radioimmunoassay and its
Clinical Applications.

India actively participated in a series
of meetings organised by IAEA in Vie-
nna to discuss measures to strengthen
international cooperation in the fields
of nuclear safety and radiological pro-
tection in the context of the Chernobyl
accident.

India signed the IAEA Conventions
on "Early Notification of a Nuclear
Accident" and "Assistance in the case
of Nuclear Accident or Radiological
Emergency" (adopted during the spe-
cial session of General Conference
held during September 1968) subject
to ratification.

A five member delegation led by
Dr R. Ramanna, ex-Chairman, AEC
participated in the 30th Session of the
IAEA General Conference. Dr Raman-
na was unanimously elected President
of the 30th General Conference of the
Agency at its Opening Session in
Vienna on 29 September 1986.
Reservation in Services for
SCs/STs

In order to ensure the effective
implementation of Government policy
on reservation in services for SC/ST,
the Department continued to monitor
the progress made in appointing mem-
bers belonging to SC/ST communities,
by the various units and other organi-
sations under DAE

The total number of SC/ST emplo-
yees rose to 7980 as on 31 December
1986 from 7867 as on 31 December
1985.



Inspection of the rosters were
undertaken by the Liaison Officers of
SC/ST and remedial measures have
been taken wherever necessary.

5 persons belonging to SC/ST were
deputed for appreciation/orientation
course during the year 1986.

118 persons belonging to SC/ST
were given inservice training during
the year 1986.
Appointment of minorities

During the year 1986, 147 persons
belonging to minority communities
were appointed to Group C and D
cadres of this Department and Public
Sector Undertakings under its control.
Reservation in services for Physi-
cally Handicapped persons and
Ex-servicemen

As on 31 December 1986,356 phys-
ically handicapped persons were emp-
loyed by this Department and Public
Sector Undertakings and Aided-lnsti-
tutions under its control.

As on 31 December 1986, 1475
ex-servicemen were employed by the
various units and other organisations
under DAE.

Information and Publicity
The Publications Division of DAE

brings out information literature in Hindi
and English for media and public and
also caters to other publication
needs of the Department and its units

This year two brochures on the sub-
lects Uranium Corporation of India
Limited and the Inevitability of Nuclear
Power, were brought out. To educate
public on different aspects of nuclear
energy, 9 folders in English, 9 in Hindi,

5 in Gujarati and 4 in Kannada langua-
ges were produced.

A compilation of Compendium of
Circulars for DAE was brought out.

The Division also brings out two
periodicals: Nuclear Indian (Monthly)
and Parmaanu (Quarterly) in English
and Hindi respectively to disseminate
information to public on plans, prog-
rammes and research activities of the
Department. Noteworthy issues are
on environmental conservation and
waste-management aspects of nuc-
lear energy in India

The Publicity Division looks after all
publicity and public relations activities
of the Department. During the year un-
der report, the Department participa-
ted in and organised several exhibi-
tions including Annual Agricultural
Show Harare '86 (showing selfreli-
ance in Agriculture: The Indian Experi-
ence) during 8th Non-aligned Summit.
This show was appreciated by the vis-
itors. As a gesture of goodwill and
friendship, the Prime Minister of India,
Shri Rajiv Gandhi during his visit to
Indian Pavilion found fit to gift DAE
Exhibits to His Excellency Dr Robert
Mugabe, Prime Ministerof Zimbabwe.

To popularise the activities of the
Department, two video films on the
activities of atomic energy were pro-
duced. One more video film on
'Nuclear Power Generation and Safe-
ty's is under production

To disseminate authentic informa-
tion, press conferences, meetings and
visits were organised with the leading
journalists of international and national
corps. A number of visits of delega-
tions from international organisations

Prune Minister Shri Ra/iv Gandhi at the DAE Pavilion at Annual Agriculture Show Harare '86

were also organised by the Publicity
Division.

Atomic Energy Education Society
The Atomic Energy Hucation Soci-

ety (AEES) has been meeting the ever
increasing educational needs of the
children of DAE employees for the
past 17 years and runs schools at
10 Centres. The schools have on
their rolls 16,800 students and staff
strength of 800.

The Society has consistently main-
tained high standards of education in
schools under its aegis and the overall
results of the Board examinations
reflect academic excellence at all
Centres.

This year AEES's schools registered
94 percent success rate with a number
of distinctions and first grades in the
Secondary School Certificate examina-
tion of the Central Board of Secondary
Education, New Delhi.

The Atomic Energy Junior Colleges
at Bombay and Tarapur performed
very well with 99 percent success in
the Pune Board examination for Class
XII, bagging 92 distinctions and 124
first grades. The Junior College at Bom-
bay was again listed third in the merit
list out of 325 Junior Colleges affiliated
to the Board. The Junior College at
Hyderabad also bagged a number of
distinctions and first grades with an
impressive success rate of 85 percent.

As many as 16 students from AEJC,
Bombay and 2 from AECS, Jaduguda
were successful in the IIT examina-
tion. A number of students at other
Centres also secured admissions in pro-
fessional courses like medicine, engi-
neering, architecture, catering, dentis-
try, pharmacy etc. on merit basis
Nearly 35 percent students passing in
the science stream from Bombay sec-
ured admission in medical and engi-
neering colleges.

In the final selection at national level,
10 students from Bombay and one
each from Hyderabad and Narora wern
awarded National Talent Search Scho-
larship by NCERT.

One of the students who passed the
State level Maths Olympiad was selec
ted for interview to participate in the
international Olympiad One student
was selected by the Government of
india for 6-week study tour in USA in
collaboration with the Centre for O
cellence, Virginia, USA

In addition to excellence in academ-
ics, AEES's students showed alround



excellence in NCC, sports and other
extra curricular activities.

Use of Hindi
During the year, the Department, its

constituent units and the public sector
undertakings under its control made
further progress in the use of Hindi in
accordance with the Official Language
Policy of the government and in pur-
suance of the Official Languages Act
and Rules made thereunder.In service
training in Hindi, Hindi typewriting and
stenography was imparted to 275 offi-
cials. 43 typists and 11 stenographers
respectively. "Hindi Workshops"
were organised in the Secretariat.NPB,
DEM, AMD and ECILand126 emplo-
yees joined these workshops. Purch-
ase orders for five more Devanagari
typewriters were placed during the
year, which will raise the total number
of such typewriters to 112 upto 31
December, 1986, Hindi books worth
about Rs. 22,500/- were purchased
representing an increase of 100 per-
cent over the corresponding figure last
year.

The Official Language Implementa-
tion Committees of 'he Department
and all of its units a, id public sector
undertakings met regularly to review
the position regarding use of Hindi. Ac-
tion continued to be taken during the
year to implement various provisions
of the Official Languages Act, All
gazette notifications, cabinet notes
and summaries, reports and other
documents submitted to various Com-
mittees of Parliament etc. were pre-
pared bilingually. Inspections of the
offices of AMD, NFC and ECIL Hydera-
bad, MAPS and IGCAR, Kalpakkam,
and HWPs, DEM, IRE in Bombay were
carried out.

With a view to encouraging the writ
ing of books in Hindi on sublets per-
taining to atomic energy and on other
subjects coming under the pun/iew of

DAE, the "Dr. Homi Bhabha Award
Scheme" has been introduced since
July 1985. Four manuscripts have
been received in this regard and are
under evaluation.

The Second Sub-Committee of the
Committee of Parliament on Official
Languages inspected the offices of
Madras Atomic Power Station and In-
dira Gandhi Centre for Atomic Re-
search (September 1986), and Heavy
Water Plant, Baroda (January 1987).

The third meeting of the Joint Hindi
Advisory Committee of the Depart-
ment of Atomic Energy, Space and
Electronics was held at New Delhi on
25 April, 1986 and the fourth at the
Bhabha Atomic Research Centre,
Trombay on 6 February, 1987.

The quarterly Hindi bulletin 'Par-
maanu', which is brought out by DAE
to disseminate information on its re-
search and development .activities,
plans and programmes, entered its
twelfth year of publication. Special
issues of 'Parmaanu' were on environ-
mental safety and waste manage-
ment. The Department also brought
out several brochures furnishing
information on its activities in Hindi
notable amongst which were the bro-
chures on 'Heavy Water Plant Thai',
'Nuclear energy', 'Use of radiation for
Improvement of Crop-Plants', 'Atomic
Energy and Food Preservation',
'Nuclear Fuel Complex' and 'Atomic
Minerals Division'. The Hindi Vigyan
Sahitya Parishad, a voluntary organisa-
tion of BARC, brings out a popular
quarterly Hindi bulletin 'Vaigyanik' for
which Department provided finan-
cial assistance of Rs. 8,000 this year
Out of the three issues of 'Vaigyanik'
published upto December, 1986, two
were special editions on 'Future direc-
tions of Indian Science' and 'Radiation
Protection'. Tarapur Atomic Power
Station, Rajasthan Atomic Power Sta-
tion, Narora Atomic Power Project,

Heavy Water Plant, Kota, IRE, ECIL
etc. brought out their house maga-
zines in bilingual form

With a view to popularising Hindi
and encouraging employees to use
Hindi in official work, a 'Hindi Week1

was organised in the Secretariat of the
Department, HWP, Kota, HWP,
Baroda, NPB, RAPS, NAPP and ECIL,
while BARC, NFC and DPS celebrated a
'Hindi' Day. BARC also organised a
Hindi drama competition, an essay
competition and three talks on scien-
tific subjects. A significant event of
year was the seminar on 'Teaching and
Research'in nuclear science and tech-
nology organised at BARC in Decem-
ber, 1986. NFC also organised a one
day seminar for its scientists in which
papers on highly scientific and techni-
cal subjects were read by 5non-Hindi
knowing scientists. The Department
provided financial assistance of
Rs. 73,000 to the Official Language
Implementation Committee of BARC
for organising various activities to
popularise and promote use of Hindi
amongst the employees. Financial as-
sistance of Rs. 2,000 was also pro-
vided to the Indian Association for
Radiation Protection, King George
Medical College, Lucknow for organis-
ing a seminar and workshop on 'Radia-
tion Protection1 in October, 1986

The Department was awarded a
special trophy by the Rajbhasha Vibhag
in recognition of the commendable
work done by it in implementation of
the official policy of the Union during
1986.

Cooperative Canteens
Employees Co-operative Canteens

running at certain DAE Units continued
to provide subsidised food to emplo-
yees. The total subsidy paid to the
Canteens during the year was
Rs. 56,61,320/-.
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AERB : Atomic Energy Regulatory Board .

AMD : Atomic Minerals Division

BARC : Bhabha Atomic Research Centre

BHEL : Bharat Heavy Electricals Limited

CAT : Centre for Advanced Technology

COGEMA ; Compagnie Generate Des Matieres Nucleates

DAE : Department of Atomic Energy

DMRL : Defence Metallurgical Research Laboratory

DPS : Directorate of Purchase & Stores

DRDL : Defence Research Development Laboratory

ECIL : Electronics Corporation of India Limited

FBTR : Fast Breeder Test Reactor

GSI : Geological Survey of India

HWP : Heavy Water Project

HARL : High Altitude Research Laboratory

HCL : Hindustan Copper Limited

IAEA : International Atomic Energy Agency

IGCAR : Indira Gandhi Centre for Atomic Research

IRE : Indian Rare Earths Ltd.

ISRO : Indian Space Research Organisation

KAPP : Kakrapar Atomic Power Project

KARP : Kalpakkarn Reprocessing Plant

KRIBHCO : Krishak Bharati Cooperative Limited

N/iALCO : Madras Aluminium Company Limited

MAPS : Madras Atomic Power Station

MECL : Mineral Exploration Corporation Limited

NAPP : Narora Atomic Power Project

NDDB : National Diary Development Board

NFC : Nuclear Fuel Complex

NFL : National Fertilizer Limited

NLC : Neyveli Lignite Corporation

NPB : Nuclear Power Board

NRL : Nuclear Research Laboratory

ONGC : Oil & Natural Gas Commission

OSCOM

PREFRE

RAPS

RCF

RMC

SAC

SINP

TAPS

TIFR

TMC

UCIL

VECC

: Orissa Sands Complex

: Power Reactor Fuel Reprocessing Plant

: Rajasthan Atomic Power Station

: Rashtriya Chemicals and Fertilizers

: Radiation Medicine Centre

: Space Applications Centre

: Sana Institute of Nuclear Physics

: Tarapur Atomic Power Station

: Tata Institute of Fundamental Research

: Tata Memorial Centre

: Uranium Corporation of India Limited

: Variable Energy Cyclotron Centre

Miscellaneous

AGSM : Airborne Gammaray Spectrometric and

Magnetic Surveys

CIC : Circulatory Immune Complex

CVL : Copper Vapour Laser

EB : Electron Beam

IHX : Intermediate Heat Exchanger

MEI : Mechanical Engineering Inspection

MHD : Magnetohyrodynamics

MT : Metric Tonne

MWe : Megawatt Electrical

MWt : Megawatt Thermal

Na -Ta : Niobium-Tantalum

PFBR : Prototype Fast Breeder Reactor

PHT : Pr.inary Heat Transport

PHWR : Pressurised Heavy Water Reactor

QCI : Quality Control Inspection

RIA : Radioimmunoassay

S3F : Solid Storage Surveillance Facility

TG : Turbine Generator
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ACCELERATOR: A machine used to
accelerate charged paticles such as electrons,
protons and nuclei to high velocities.

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

ATOM: The smallest part of an element which
can take part in a chemical reaction. An atom
consits of a small nucleus containing neutrons
and positively charged protons and extra
nuclear cloud of negatively charged electrons.
In an atom protons and electrons are equal in
number.

ATOMIC NUMBER: The atomic number of an
element is equal to the number of protons in the
nucleus or the number of orbital electrons in an
atom of the element.

ATOMIC WEIGHT: The atomic weight of any
element is approximately equal to the total
number of protons and neutrons in its nucleus.
The unit of the scale of atomic weights is 1/12
the weight of the carbon-12 atom.

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

BECQUEREL: Currently used unit of
radioactivity, defined as the quantity of any
radioactive material in which the nuclides are
decaying at the rate of one disintegration per
second.

BETA PARTICLE: An electron, positive or
negative, emitted from the nucleus in certain
types of radioactive disintegration.
BLANKET: Fertile material put around a
reactor core to breed new fuel, e.g. uranium,
becomes plutonium by absorption of spare
neutrons.

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

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

BREEDER REACTOR: A nuclear reactor
which produces more fissile atoms then it
burns. The new fissile material is crealed by
capture of neutrons in fertile materials The
process by which this occurs is known as
breeding

BURN-UP: The fraction or percentage 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/T

CERAMIC FUEL ELEMENTS: Usually refers
to reactor fuel elements fabricated of uranium

dioxide or uranium carbide They are more
resistant to radiation damage and can be used
at higher temperatures

CHAIN REACTION: When fission occurs in
uranium atoms, neutrons are released which in
turn produces fission in neighbouring uranium
atoms

CLADDING: A thin layer, usually a metal,
which covers a solid fuel element in a reactor
to prevent corrosion in the presence of coolant
and to prevent escape of fission products
Aluminium and its alloys, stainless steel and
zirconium alloys are common cladding
materials

COBALT-60: A radioisotope of the cobalt
metal (atomic number 27). Cobalt-60 is an
important source of gamma radiation used
widely in industry, research and in cancer
therapy.

CONTROL RODS: Rods, plates or tubes of
steel or aluminium containing some strong
absorber of neutrons. They are used to vary
the rate of fission reaction. By absorbing
neutrons, a control rod prevents the neutrons
from causing further fission. Control rods can
be used to change the power level of reactor

COOLANT: A liquid or gas which is circulated
through or about the core of a reactor to
remove the heat generated by fission and to
maintain a low temperature and prevent Ihe
fuel from overheating Common coolants are
water, heavy water, carbon dioxide, helium and
liquid sodium.

CORE: The central portion of a reactor that
contains fuel elements, and the moderator in
case of thermal reactors
CRITICAL: It is the condition in which a chain
reaction is maintained at a constant rate and is
just sellsustaining.

CURIE: A unit of radioactivity, defined as Ihe
quantity of any radioactive material in which
the atoms are decaying at the rate of 3 7 v
10'° disintegrations per second (dps) Curie is
replaced by Becquerel now.
CYCLOTRON: A machine that accelerates
charged particles to very high speeds in a
circular path. The particles are kepi in the
circular path by a magnetic field and are
accelerated twice in each revolution by an
electric field, produced by a radio frequency
oscillator.

DECONTAMINATION: Refers to the removal
of radioactive contaminants from surfaces or
equipment

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

DEUTERIUM: The isotope ol hydrogen ol
atomic weight 2 It is often called heavy
hydrogen and forms heavy water with oxygen
DIFFUSION PLANT: Plant for enriching uranium

(ii)

with high uumum ?3!> isoiopo A larqi:
u/iseous diffusion plant requires ,in I.-MOMIKHIS
.'imount of eloclnc power

ENRICHED FUEL: Nuclei luel which is
enriched in the fissile components e g
uranium containing more lhan 0 7 pot cent
uranium-235

FAST BREEDER REACTOR: A icacior ih.n
operates with fast neutrons and produces
more fissionable material tint it consumes

FAST NEUTRON: Neutron resulting Ironi
fission that has lost relatively little ol its energy
by collision etc

FAST REACTOR: A nuclear reactor in which
most of the fission is caused by fast ncjlrons
Such reactors contain little or no moderator

FERTILE MATERIAL: Isotopes capable ol
being readily transformed into lissionablo
material by ihe absorption ol neutrons,
particularly uranium-238 and thorium ')?•')
(sometimes called source material) When
theso fertile materials capture neutrons they
are partially converted into fissionable
plulonium-239 and uranium-233 respectively

FILM BADGE: A piece of masked
photographic film worn like a badge by nuclear
workers It is darkened by nuclear indinlion:;
Radiation exposure of the wearer can be
checked by inspecting the film and comparing
darkening or density, after photographic,
development, wilh known standards

FISSILE: Capable of undergoing fission when
hit by a slow neutron, e g the isotopes U"3 .
U" 5 , Pu239. and Pu24' are fissile
FISSION: The spliting ol a heavy nucleus into
two (oi very rarely, more) approximately equal
fragments — Ihe fission products Fission is
accompanied by emission ol neutrons and the
release ol energy It can be spontaneous, oi
caused by the impact ol neutron. ,n last
charged particle or a photon
FISSION POISON: Fission produc's which
absorb neutrons unproductively espona'ly
used for those having high absorption
cross-sections e g xenon

FLUX (NEUTRON): It is the number ol neutrons
passing through one square centimeter ol a
given target in one second
FUEL ELEMENT: A unit of nuclear luel lor use in
a reactor — generally uranium, as melal or
oxide, enclosed in a can which may have fins
to assist heal transfer ll mny be rod. tube,
plale, or of any other mechanical shape

FUSION: The process of building up more
complex nuclei by Ihe combination or fusion,
ol simpler ones The formation is usually
accompanied by the release ol energy

GENETIC EFFECT OF RADIATION: Changes in
the reproductive cells in living mattei produced
by absorplion ol ionizing radiation, elfucts that
can be transferred from parent to oflspring
GAMMA RAYS: The high energy short wave



length electromagnetic radiation. These are
similar to X-rays, but are usually more
energetic and nuclear in origin.

CLOVE BOX: A box used while working with
certain radioactive materials. The box may
contain an inert atmosphere.

GRAY: Currently used unit of absorbed dose or
energy imparted to matter by ionizing radiation
per unit mass of irradiated material at the place
of interest (1 Gy = 1 J kg'1).

HALF-LIFE: The time taken fnr the activity of a
radioactive substance to decay to half its
original value. Half lives vary from less than a
millionth of a second to millions of years

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

HEAVY WATER: Water m which hydrogen is
replaced by deuterium or heavy hydrogen. It is
present in water as about one part in 6,500 It
is used as a moderatof in reactors.

HOT LABORATORY: A laboratory designed for
safe handling of radioactive materials.

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

IRRADIATION: The exposure of materials to
radiation. In nuclear research and in the
production of isotopes, materials are often
exposed to neutrons in reactors. Intense
irradiation can alter the physical properties of
solids.

ISOTOPE: RADIOISOTOPE: Isotopes are the
atoms that differ in mass but chemically are the
same element. Isotopic nuclei contain the same
number of protons but different number of
neutrons. All naturally occurring elements have
radioactive isotopes. Isotopes that are
radioactive, are called radioisotopes.

LABELLED COMPOUND: A compound in
which one of the atoms is a different isotope,
usually radioactive, from that found normally
The path taken by su^h n compound ran leadily
be traced A labelled compound is nlso called a
tracer or tag

LOAD FACTOR: The maximum load on a
power station as the percentage of the rated
capacity of the electricity generating plant

Availability factor is the total number of hours
in an year when the power station was
available-for operation as percentage ol the
total number of hours in the year.

LOOP: A circuit, part of which may run inside a
reactor, into which materials and engineering
components can be put on and then subjected
to radiation under variable conditions, o g. of
temperature exposure to coolant, strain, etc If
part of the loop and contents are pinned in n
reactor, it is called an in pile loop
MAGNETOHYDRODYNAMICS (MHO): The
underlying principle ol MHD depends on the
fact lh.it a conducting fluid, usually an ionized
g.is or plasma, moving across .1 m.iqnelic field
induces an nleclromotive force in a direction
perpendicular to that of Ihe magnetic field nnri
the direction of motion ol the conductor

MAXIMUM PERMISSIBLE DOSE (MPD):

The recommended upper limit foi the dose
which may be received during a specified
period by a person exposed to ionizing
radiation over an indefinite period So far as is
known, a normal person so exposed will suffer
no harmful effect.

MEGAWATT (MW): A unit of power meaning a
million watts or a thousand kilowatts In MW
the 'e' signifies 'electrical' and the 't' 'thermal
power' or heat output.

MODERATOR: The material in a reactor used
to reduce the speed of fast neutrons, as far as
possible without capturing them Slow
neutrons are much more likely to cause fission
in a uranium-235 nucleus than to be captured
in a uranium 238 nucleus By using a
moderator a reactor can be made to work with
fuei containing only a small proportion of
uranium-235 e.g. ordinary water, heavy water,
graphite.

MUTATION: It refers to a permanent change in
characteristics of an offspring from those of its
parents.

NATURAL URANIUM: Natural uranium
contains both the heavier isotope uranium-238,
which is not readily fissile material and the
lighter isotope uranium-235 which is a fissile
material. In 140 parts of natural uranium, only
one part is of uranium-235. The remaining is
uranium-238.

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

NUCLEUS: The core of an atom which
comprises of protons and neutrons It is very
small. Its diameter is a millionth of a
centimeter. The nucleus contains mosi of the
(itom's mass

PLUTONIUM: The element number 94.
produced by neutron irradiation of
uranium-238. Its most important isotope is
fissionable plutonium-239, produced by
neutron irradiation of uranium-238.

POWER REACTOR: A nuclear reactor
designed to produce electric power.

PRESSURIZED HEAVY WATER REACTOR
(PHWR): A power reactor in which the heavy
water coolant is kept at a high pressure to
prevent it from boiling.

PULSED F A C T O R : A type of research
reactor with which repeated short, intense
surges of power and radiation can be
produced

RADIATION or IONIZING RADIATION: It
nmbuces electromagnetic wavns, in particular,
X rnys .ind gamma lays as well as streams of
List moving charged particles (electrons,
piotons, mesons, c;tc ) and neutrons ol all
velocities, i e all the ways in which enercjy is
given oi l by an atom

RADIATION HAZARD: The hazard to living
thing.-* resulting from the presence of radiation
This usually refers to the danger to health from
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exposure to radiation

RADIOACTIVITY: RADIOACTIVE DECAY:
The property possessed by some atoms of
disintegrating spontaneously with the emission
of a charged particle and/or gamma radiation
The rate of radioactive decay is not affected by
any normal change of temperature, electric or
magnetic fields, or chemistry.

RADIOGRAPHY: A method of examining solid
ob|ects by passing X- or gamma-radiaion
through them by photographing (or examining
on a fluorescent screenl the shadows cast
Thus, defects such as cracks, inclusion of
sand, gas bubbles or lack of homogeneity in
metals can be found

RADIOIMMUNOASSAY (RIA): A unique
technique for the diagnosis of pathologic
states that are characterised by the excess or
deficiency of various biological secretions like
hormones. It is capable of measuring even
their minute concentrations,

RADIOISOTOPE: An isotope which is
radioactive

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
moderator, a reflector, shielding and coolant
and control mechanisms.

RAD: A unit of absorbed dose or energy
imparted to matter by ionizing radiation per unit
mass of irradiated material at the place of
interest Rad is now replaced by gray

REM: A unit of absorbed dose, used in
radiation protection, obtained by multiplying
the dose in gray with appropriate weighting
factors to normalise and correct for variation in
the degree of biological effect due to the same
dose of different types of radiation Rem is
replaced by sievert now
REPROCESSING: The process ol removing
fission products from fuel and separating the
different fissile and fissionable elements from
one another, e g Pu from U or U Irom Th
before reusing it.

SIEVERT (SV): Currently used unit of
absorbed dose, used in radiation protection,
obtained by multiplying the dose in gray with
appropnate weighting factors to normalise and
correct foi variation in the degree ol biological
effect due to the same dose of different type
of radiation

SOMATIC EFFECTS OF RADIATION: f Heels
ol radiation limited to exposed individuals as
distinguished from genetic effects which affect
subsequent unexposed generations.
SUPER CONDUCTOR: A material which has
zero electrical resistance at low temperature
THERMAL REACTOR: A nuclear reactoi
which includes a moderator and therefore uses
slow oi thermal neutrons lor lission ol its luel
THORIUM: E'ement number 90 and atomic
weight 232 A naturally radioactive metal, thu
mineral sources ol which are widely spread
over the earth's surface, particularly in
monazite beach sands It can be converted to
uranium ?33. an excellent nuclear fuel, by
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R&D Centres
BHABHA ATOMIC RESEARCH CENTRE

The Centre was set up in 1957 as the Atomic
Energy Establishment, Trombay. In the memory
of its founder it was renamed in 1967. BARC is
the piemier national centre for R&D work in
nuclear energy and related disciplines. The faci-
lities available at Trombay include research reac-
tors CIRUS (40MWD and APSARA (IMWt). In
May, 1984 a zero energy fast critical facility
(PURNIMA-II), using U-233 as fuel became
operational. Besides these reactors, a 5.5 MeV
Van de Graaff accelerator 13 also available for
experimental research in physics. Two PRIME-
450 computers and six NORSK Data computers
provide all the computational requirements of
scientists and engineers. A larger research
reactor DHRUVA (100 MWt) has been built
which started power operation during this year.
In addition to the various laboratories for carrying
out research in physics, chemistry, biology, ag-
riculture, medicine, food technology, nuclear en-
gineering, isotope technology, metallurgy, etc.
the Centre also has Uranium Metal Plant, Ura-
nium Fuel Fabrication Plant. Fuel Reprocessing
Plant and Mixed Oxide Fuel Fabrication Plant.
BARC has set up a Beryllium Plant and a radio-
pharmaceuticals laboratory ISOPHARM at
Vashi. Fuel Reprocessing Plant (PREFRE) and a
Nuclear Waste Vitrification Plant at Tarapur are
also parts of BARC, The Variable Energy
Cyclotron Centre at Calcutta is a national facility
for advanced work in nuclear physics, nuclear
chemistry, production of isotpes for various ap-
plications and radiation damage studies on
reactor materials. The Seismic Station at Gauri-
bidanur, near Bangalore set up in 1965, helps in
the detection and identification of underground
nuclear explosions. The Nuclear Research
Laboratory at Snnagar and the High Altitude
Research Laboratory at Gulmarg conduct re-
search in atmospheric physics and cosmic ray
physics.

BARC activities cover a wide range of areas
such as physics, chemistry, engineering, metal-
lurgy, fuel reprocessing, fuel fabrication, radio-
isotopes, waste management, electronics,
instrumentation, lasers, biology, agriculture,
food technology, radiation medicine, etc. The
Centre has developed a number of technologies,
some of which have already been transferred to
industry for commercial exploitation.
INDIRA GANDHI CENTRE FOR ATOMIC
RESEARCH

Set up in 1971 at Kalpakkam, Tamil Nadu, the
Cehtre undertakes research and development
pertaining to fast breeder reactor technology.
The major facility at this Centre is the Fast
Breeder Test Reactor (FBTR),which attained its
first criticality on 18 October, 1985. After suc-
cessful completion of reactor physics experi-
ments, FBTR is getting poised for power level
operation. The Centre is drawing up plans to
design and build a 500 MWe Prototype Fast
Breeder Reactor (PFBR).
CENTRE FOR ADVANCED
TECHNOLOGY

The Centre is being set up at Indore, Madhya
Pradesh to spearhead the national effort in re-
search and development in high technology
fields such as accelerators, lasers and fusion.

Power Sector
ATOMIC MINERALS DIVISION

The Division has its headquarters at Hydera-
bad with five regional headquarters in other parts
of the country. AMD is entrusted mainly with the
research and development activities pertaining
to radiometnc and geological surveys, explora-
tion, prospecting and development of various
mineral resources needed for the nuclear power
programme.

NUCLEAR FUEL COMPLEX

Located at Hyderabad, NFC produces fuel for
the nuclear power reactors of the country The
complex consists of various plants for the con-
version of yellow cake into ceramic grade natural
uranium oxide, enriched uranium hexafluonde
into enriched uranium oxide, zircon sand to
zircaloy components and uranium dioxide to
sintered pellets and finally to fuel assemblies
Production of components such as blanket fuel
containing thona pellets, nickel and steel reflec-
tor assemblies etc. required for FBTR, forms part
of the fuel fabrication programme. A plant for
manufacturing very high purity materials
required for the electronic industry is also
located at NFC. Plants have also been set up for
the production of seamless stainless steel
tubes. Job orders for the conversion of billets to
requisite sections and mother pipes to finished
tubular products for special applications are ex-
ecuted for other organisations suchs as BHEL,
MIDH.ANI and other private and Government or-
ganisations. Full fledged quality control laborat-
ory at NFC exists for assessing and assuring the
quality of products despatched in addition to in-
process control. Special control measures are
ensured for effective effluent management
Phase-I expansion for meeting the requirements
upto NAPP-II is under progress and is expected
to be completed by end '87. Plans are also on
hand to expand production capacities in various
plants for meeting the zircaloy and fuel require-
ments towards the envisaged nuclear power
programme."

HEAVY WATER PROJECTS
Heavy Water Plant, Nangal: Based on
the electrolysis of water and low temperature
hydrogen distillation, the Heavy Water Plant at
Nangal, Punjab has an annual capacity of 14 ton-
nes heavy water. The plant was commissioned
in August 1962.

Heavy Water Plant, Baroda: Based on
the monothermal ammonia-hydrogen exchange
process, the plant at Baroda.Gujarat is linked to
the synthesis gas stream of the fertilizer plant of
Gujarat State Fertilizer Corporation
Heavy Water Plant, Kota: Based on
the knowhow developed by BARC on hydrogen
sulphide-water exchange process, the plant is
located next to RAPS at Rawatbhata,Rajasthan
Its design production capacity is 100 tonnes per
year

Heavy' Water Plant. Tuticorin:
Linked to the fertilizer plant of the Southern
Petrochemical Industries Corporation,the plant
is similar to the Baroda plant. Its design produc-
tion capacity is 71 3 tonnes per year.

Heavy Water Plant, Talcher: The
plant based on bithermal ammonia hydrogen ex-
change will use the synthesis gas stream of
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ammonia plant of Fertilizer Corporation of India.
It is designed to produce 62.7 tonnes of heavy
water a year.

Heavy Water Plant, Thai: Based on
inonothermal ammonia-hydrogen exchange
process, the plant at Thal-Vaishet, Maharashtra
will be having annual production capacity of 110
tonnes

Heavy Water Plant. Manuguru:
Based on the bithermal hydrogen sulphide-water
exchange process, the plant will have annual
production capacity of 185 tonnes.

Heavy Water Plant, Hazira: During
the year under review the Government accorded
approval for this 110 tonnes per annum two
stream heavy water plant based on monother-
mal ammonia hydrogen exchange process at
Hazira in Gujarat. The plant will be integrated
with the two stream ammonia plant of
KRIBHCO. Work on the plant has already
started.

NUCLEAR POWER BOARD

The Board is responsible for the design, con-
struction, commissioning and operation of
nuclear power plants. It is presently operating
the atomic power stations at Tarapur, Rawat-
bhata and Kalpakkam and constructing Narora,
Kakrapar, RAPP-Unit 3&4 atomic power
projects.

Tarapur Atomic Power Station

100 kilometres north of Bombay, TAPS is the
first atomic power station in India. It has two
boiling water type reactors presently operated at
160 MWe (derated) gross capacity, fuelled by
enriched uranium. The Station supplies electric-
ity to Maharashtra and Gujarat.
Rajasthan Atomic Power Station

Located at Rawatbhata, Rajasthan, the station
has two natural uranium fuelled pressurised
heavy water reactors each of 220 MWe grass
capacity Construction work on two additional
units of 23b MWe each has commenced at
RAPS.
Madras Atomic Power Station

Located at Kalpakkam about 80 kilometres
south of Madras, MAPS has two natural uranium
fuelled pressurised heavy water reactor units
each of 235 MWe gross capacity Unil-1 of
MAPS has been in commercial operation since
27 January, 1984 and Unit-2 has been operated
commercially since 21 March, 1986, MAPS is
the first totally indigenous Atomic Power
Station.

Narora Atomic Power Project

The Project is under advanced stage of con-
struction at Narora, Uttar Pradesh li consists of
two pressurised heavy water reactor units each
of 235 MWe gross capacity
Kakrapar Atomic Power Project

Located at Kakrapar, Gujarat, the construction
work and delivery of various major equipment
are progressing as per schedule The proiect will
have two pressurised heavy water reactors each
of 235 MWe gross capacity.

Kaiga Atomic Power Project

Located at Kaiga in Karnataka, the Station will
have two units of 235 MWe each

ATOMIC ENERGY REGULATORY BOARD
AERB carries out certain regulatory and safety

functions envisaged under Sections 16, 17 and
23 of the Atomic Energy Act 1962. The Board has
a full-time Chairman, a full-time Member-Secre-
tary and three other part time members. The
Board is responsible to the Atomic Energy Com-
mission The Atomic Energy Regulatory Board
has the powers to lay down safety standards and
dame rules and regulations in regard to the
regulatory and safety requirements.

Public Sector Undertakings
INDIAN RARE EARTHS LIMITED

IRE is a Government company functioning
since 1950. The Company has two mineral
sands separation plants at Manavalakurichi and
Chavara and a Rare Earths Plant at Alwaye. IRE
has also set up a Rs. 130 crore project at Chha-
trapur, Onssa known as Orissa Sands Complex
(OSCOM) for production of various minerals and
value added products. The Company is also
managing Throium Plant at Trombay.

ELECTRONICS CORPORATION OF
INDIA LIMITED

The ECIL was set up at Hyderabad in 1967 to
manufacture electronic systems, instruments
and components developed at BARC. The
Corporation has pioneered the production of a
varied range of sophisticated electronic sys-
tems, instruments and components, based
primarily on indigenous technology.
URANIUM CORPORATION OF INDIA LIMITED

Formed in October 1967, UCIL is responsible
for mining and milling of uranium ore. It is operat-
ing uranium mines at jaduguda and Bhatin and
indigenously designed 1000 tonnes per day ura-
nium mill at Jaduguda. The corporation has set
up uranium recovery plants at Surda Rakha and

Mosabom A byproduct iecovery plant has also
been set up by UCIL to recover accessory imnei
,)ls such as copper, magnetite,md molybdenum

Aided Institutions
THE TATA INSTITUTE OF FUNDAMENTAL
RESEARCH

Founded in 1945 as a Centre lor pursuit of
fundamental research in mathematics, theore
tical physics, cosmic rays and nuclear physics
The research activities of the Institute have now
expanded to areas such as astronomy and as
trophysics, chemical physics, molecular biology,
solid Slate physics, solid state electronics and
computer science The facilities being operated
by the Institute are the Balloon Facility at
Hyderabad, the Radio Astronomy Centre at
Ootacamund, the National Image Processing
Facility for Astronomy at Ootacamund and 500
MHz FT NMR National Facility at TIFR, Bombay
The Institute, in addition manages activities of
the Homi Bhabha Centre for Science Education
(HBCSEI and the Basic Dental Research Project
TIFR is one of the institutions aided by DAE
TATA MEMORIAL CENTRE

Located at Bombay, Tata Memorial Centre
comprises of the Tata Memorial Hospital and the
Cancer Research Institute. The Centre is the
foremost in the country in education, compre-
hensive care of cancer patients and in cancer
research. The hospital is a full fledged post
graduate centre affiliated to the Bombay
University.

SAHA INSTITUTE OF NUCLEAR PHYSICS

SINP at Calcutta was formally opened in
January 1950. The Institute provides facilities in
advanced research in the fields of experimental
and theoretical nuclear physics, solid state
atomic and molecular physics, plasma physics,
high energy physics, crystallography, molecular
biology, biophysics, nuclear chemistry and
instrumentation.
INSTITUTE OF PHYSICS BHUBANESWAR

Incepted in 1974, the Institute of Physics,
Bhubaneswar, was a registered Society funded
by the Government of Orissa till March, 1985.
Thereafter it became one of the fully aided insti-
tutes of DAE. T.te Institute provides facilities in
advanced research in the fields of theoretical
solid state, nuclear and high energy physics and
in the field of experimental solid state physics. It
is acquiring a 3 MV tandem pelletron accelerator
for experimental research in atomic, nuclear,
solid state; nd applied physics.

Contd. from page (iii)

neutron irradiation.

TRITIUM: The radioactive isotope of hydrogen
of mass 3. It is rare and produced by neutron
absorption in lithium.
URANIUM: Radioactive element with the
atomic number 92. Natural uranium contains
both the heavier uranium isotope
uranium-238, which is not a fissile material,
and is the parent material from which
plutonium is created, and the lighter isotope of
uranium, uranium-235, which is the fissile
material or fuel of most reactors. In 140 parts
of natural uranium, 139 parts are uranium-238
and one part only is uranium-235. Uranium is
the basic raw material for nuclear energy
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