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PREFACE

The Bhabha Atomic Research Centre is a multi-disciplinary laboratory engaged in Research and
Development in the area of nuclear science and its applications. In addition to fundamental and applied
research, BARC is involved in development studies aimed at providing all the necessary support to the
nuclear power programme which is now based entirely on indigenous technology. BARC is also
responsible for the development of technologies for all the steps in the nuclear fuel cycle, starting from
ore dressing to the management of nuclear wastes. In addition to research laboratories and major
experimental and test facilities, certain production plants needed to support nuclear power programme
are also built by BARC. Results of laboratory work carried out at Trombay have been the basis of some of
the industrial and semi-industrial scale plants set up at many places in India. Scientific support to
regulatory functions connected with nuclear facilities throughout the country, and training of manpower
for the entire nuclear programme form significant parts of our activities.

It is difficult to bring out an annual report of the scientific investigations and accomplishments of
BARC in a concise manner. In this annual report an attempt has been made to bring out the salient results
of our activities during the last year organised under various disciplines. The work mentioned in each of
these areas would have been carried out in more than one Division. This is primarily a characteristic of this
Centre which brings out the multi-disciplinary nature of its activities. Some of the development studies are
oriented to a particular project with specific ends in view.

Detailed results of R&D work are published in technical reports or in scientific journals. The
publications listed after each chapter would provide further information to those who need it. In addition to
this, each Division of the Centre brings out an annual report giving information in much greater detail
about the activities of that particular Division.

For the first time such a consolidated scientific report is being released by BARC. It is hoped this
publication will help to disseminate infor'nation to the scientific and technical community at large.

P.K. lyengar
Director
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1. PHYSICAL SCIENCES

11 Nuclear Physics

Experimental research in nuclear physics was
carried out utilizing the Van de Graaff accelerators at
Trombay and the Variable Energy Cyclotron (VEC) at
Calcutta. Experimental measurement with alpha parti-
cles of energy in the range of 25 to 37 MeV bombarding
magnesium-24 targets have yielded new information on
the intermediate structure resonances in the compound
nucleus silicon-28. Angular correlations of fission frag-
ments in fission of uranium-238 induced by alpha
particles of energy from 40 to 60 MeV were measured to
determine the distribution of momentum transfers in the
events leading to fission.The angular distributions in elas-
tic and inelastic scattering of 50 MeV alpha particles
from bismuth-209 were measured and the results were
analysed to obtain information on the various optical
model parameters. In a study carried out in collaboration
with TIFR, it has been shown that, contrary to earlier
conjecture, the 2256-3 KeV high spin isomer in rhenium-
182 has a three neutron and one proton configuration.
The excitation of the giant resonance in the inelastic
scattering of 270 MeV helium-3 beam on nickel-58 was
investigated in a collaborative experiment with Indiana
University Cyclotron Facility, USA.

The angular distributions were measured in 6Li
(a,ad) 4He at 45 MeV alpha bombarding energy
obtained from VECC to investigate the shrinkage of
deuteron cluster in 6Li in relation to fixed a-d scattering.
Using the 5-5 MV Van de Graaff accelerator and Lexan
detectors, Coulomb subthreshold fission cross-sections
of uranium-235 and uranium-238 at proton energies
below 4 MeV were measured. Proton induced X-ray
emission studies of samples of normal and cancer
tissues of laboratory animals are being carried out for
possible differences in trace element concentrations.

The installation of the main accelerator tank and the
four sulphur hexafluoride gas storage tanks of the
Medium Energy Heavy Ion Accelerator (14 UD Pelletron)
now being set up at the TIFR as a joint BARCTIFR
project has been completed. The civil work on the
construction of a tower around the main accelerator tank
and the associated laboratories has reached the final

stage. Electrical and airconditioning works are also
nearing completion. Work on setting up of the main
accelerator column has started. Significant progress has
also been made on the fabrication of the experimental
facilities for use with this accelerator.

1-2 Condensed Matter Physics

Neutron diffraction studies of the alloy systems,
terbium-manganese-iron and iron-manganese-tin, were
carried out to understand their magnetic structures. A
small angle neutron scattering spectrometer was set up
at CIRUS. It was used to study inhomogeneities in
beryllium oxide, high carbon steel and aluminium-zinc
alloys. In collaborative experiments carried out in Brook-
haven and Argonne National Laboratories (USA),
phonon dispersion relations and phonon density of
states in the geophysically important mineral, f orsterite
(Mg2SiO«), were measured. The results are in excellent
agreement with predictions made at Trombay. The first
triple axis spectrometer complete with microcomputer
control was commissioned at DHRCJVA reactor for
inelastic neutron studies. A four-circle diffractometer and
a profile analysis spectrometer were also installed at the
reactor.

Using the 'Compton profile' technique, a new
method of determining band occupancies in transition
metals was developed and was applied to nickel and
manganese. Computer simulation experiments revealed
new plausible pathways of reorientation of NH + ions in
ammonium halides and of SO~4

2 in UKSO4. Raman
spectroscopic study of antimony showed that the inter -
action of interband electronic excitations with optic phon-
ons leads to the observed symmetric (Fano) line shape
of phonons. The dispersion of the existing laser Raman
spectrometer was enhanced by adopting a grating with
2000 lines/mm.

Effect of disorder on superconductivity was investig-
ated by subjecting samples of the compound, CujMo6S,, to
a high-power laser pulse; the drop in the critical
temperature Tc correlates with the estimated shock-
pressure. Based on Jahn-Teller model, a theoretical
study was made on how the martensitic and supercondu-
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cting transitions in A15 compounds influence each other.
An asymmetric split-pair superconducting magnet using
indigenously developed niobium- titanium wire capable
of giving a central field of 4 Tesla and a peak field of 7-6
Tesla was fabricated and tested. A high-homogeneity
superconducting solenoid to provide a field of 6 Tesla
was wound and tested. A liquid helium cryostat with a low
helium consumption rate for housing an 8-Tesla
superconducting magnet was built.

In the area of High Pressure Physics, the Equations
of State of Group IV elements, titanium, zirconium and
hafnium were calculated using first principle electron
band theory methods. The expected insulator to metal
transition of materials like caesium iodide at high
pressure was theoretically examined. In conformity with
theoretical predictions new high-pressure phase transi-
tions inCd-Hg system, Pr-Th alloys and the organic
compound P-C^H^C^ have been found using X-ray
diffraction technique. A novel phase transition in tetracy-
anoethylene at a pressure of 2 GPa from the ambient
monoclinic phase to a cubic phase via an amorphous
phase was also discovered.

Bio-Physics

A complete set of computer programs for protein
crystallographic research has been implemented on the
recently acquired Norsk Data computer system. For the
first time, the enzyme carbonic anhydrase from the
blood of the Indian buffalo has been purified by affinity
chromotography techniques and has been crystallized.
The structure of triclinic lysozyme has been refined to a
residual error of 14-3%, which is one of the lowest thai
has been reported anywhere. Experiments based on
NMR and calorimetric techniques were used for identifying
the interaction of the antileprosy drug dapsone (DDS)
with mode) membrane systems. A dynamical Mossbauer
spectroscopic study was undertaken to investigate the
photochemical oxidation-reduction processes in the iron
atoms present in the respiratory pigment of rhodospiri-
llum rubrum bacterium. It was found that the upper limit
to the reversible biological switching time is about 25
milliseconds.

1-3 Reactor Physics

A major thrust was on the development work
connected with the physics design of large sized (500
MWe) PHWRs. The physics analysis of these systems is
far more involved than that of the existing (235 MWe)
systems due to new bundle design, multiplicity of regulat-
ing and safety devices, inherent zone flux instability of the
system leading to xenon oscillations and complex fuel
management schemes. A number of mathematical
models relating to the above were developed and
verified.

Purnima II

India's first (Jranium-233 fuelled experimental
reactor facility PURNIMA II, which attained criticality last
year, was utilised to check the reproducibility and reliability
of the various control and safety devices. A comprehensive
experimental study was carried out to deduce the
minimum critical mass for the system. The lowest critical
mass obtained was 397 gm of (Jranium-233. Other
investigations carried out include measurement of level
coefficient of reactivity, power calibrations and reactor
noise studes.

Kamini

Fabrication of most of the major components such
as reactor tank, beam tubes, core internals and biological
shield bricks needed for the 30 kW neutron source
reactor, KAMINI, for neutron radiography at IGCAR,
Kalpakkam, has reached an advanced stage. The
demineraliser unit and associated pumps needed for
online polishing of pool water has been installed at site.
Trial fabrication of fuel alloy plates has been taken up.
Prototype safety control plate drive has been fabricated
and is currently undergoing testing.

1-4 Theoretical Physics

The theory of (alpha, d) reactions was developed in
the framework of full ranged distorted wave born
approximation (DWBA). This will help analyse data
obtained from experiments with the VEC cyclotron.
Nonnucleonic degrees of freedom were further analysed
in the framework of DWBA. In a further study of the



non-nucleonic degrees of freedom, the p (3He, t) A + +

reaction was also analysed in the framework of DWBA.
Three body coupling effects were investigated from the
clustering knock out reactions. Theoretical studies of the
subthreshold pion production in intermediate energy
heavy ion collisions were carried out The nucleon
exchange processes in heavy ion deep inelastic collisions
were also theoretically investigated. The fragment
angular distributions for a number of heavy ion induced
reactions were analysed with the pre-equilibrium fission
model developed earlier at Trombay. Detailed microscopic
investigations led to the understanding of the factors
responsible for sudden onset of large deformations at
specific neutron number in nuclei with atomic mass
around 100. Mew analytical results were obtained on the
growth of Rayleigh-Taylor instability in multistructured
shell targets of interest in inertial confinement fusion
experiments. New theoretical results were obtained on
the polaron problem and on the electronic density of
states in disordered systems using a functional integral
approach. Studies in quantum optics resulted in some
exact quantum electrodynamic results on the behaviour
of a Rydberg atom in acavityand on the "squeezing" of
light scattered by a three-level atom. A general relativistic
formulation is being developed to study various aspects
of many electron systems, particularly in heavy atoms.

Iodine Stabilised He-Ne laser

1 '5 Lasers & Spectroscopy

A copper vapour laser (CVL), which is ideal for
pumping dye lasers and has <. ^plication in the areas of
photochemistry and spectroscopy, was developed. The
laser uses an alumina tube filled with helium gas which is
heated to 1500°C by passing repetitively pulsed electrical
discharge through it At this operating temperature the
small copper metal nodules kept in the tube get evapora-
ted. The electrical discharge excites the copper atoms
which leads to the emission of laser beam. The laser
produces an average output power of 15 watts in 20
nanosecond pulses at a rate of 5,000 pulses per second.
A dye laser using the CVL and a grazing incidence
grating for spectral tuning and narrowing of the output
was also developed. Using a solution of Rhodamine 6G
dye for lasing, the dye laser gave an average output of
1-5 watt and 15 watt CVL input The output had a
spectral width of 0-06 cm ~' and could be tuned over a
wavelength range from 570 to 610 nanometer. Other
dyes can give different tuning ranges.

Instrumentation for Spectroscopy Research

F



Spectrum Analyser

The first five subsystems of the high power
Neodymium : glass laser under development have been
completed. These are a Nd : phosphate glass oscillator
and four amplifiers. An output energy of 80 joules in 20
nanosecond pulses (in other words, a peak power of 4
gigawatts) was obtained.

The research programme on high resolution
atomic spectroscopic studies of rare earth atoms and
ions and the spectra of these ions in crystalline environ-
ment was continued. The contributions of crossed
second order (CSO) effects in the spectra were investiga-
ted by analysing isotope shifts in spectral lines of some
elements. Molecular spectroscopic studies were carried
out in order to establish the identity of transient species
produced in the flash photolysis of thiazole, isoxazole
and oxazole. A number of special materials needed in
nuclear, electronics and semiconductor technology were
analysed. About 1050 samples involving 8,200 determina-
tions were analysed by using optical emission spectro-
scopic (OES) and X-ray fluorescence (XRF) techniques.
A non-dispersive infrared analyser was fabricated for the
analysis of hydrogen fluoride impurity in uranium hexaflu-
oride. The instrument can detect less than 50 ppm
hydrogen fluoride. A line tunable carbon dioxide laser
was fabricated for laser optogalvanic and optoacoustic
studies. An experimental setup for the study of laser

induced fluorescence of free radicals produced by the
flash photodissociation of molecules was assembled and
tested.

1"6 Seismology

The Gauribidanur Seismic Array near Bangalore
continued to detect and report underground nuclear
explosions and earthquakes. The array detects about
4000 seismic events annually, of which about 200 are
due to nuclear explosions. A few techniques based on
the time structure and spectral energy distribution of
direct and core-reflected seismic signals, which were
developed here for discriminating sources of explosions
and earthquakes, especially the weak ones, were success-
fully tested on a number of "difficult" cases of explosion-
like shallow-focus small earthquakes and vice versa.

A prototype single-channel wireless telemetry of
seismic signals made with indigenous components was
tested over a 10 km range. This will be modified to a
multichannel system with a view to establishing wireless-
telemetered networks for continuously monitoring seismi-
city of the Bbatsa dam region in Maharashtra and at
other project sites in India.

1*7 Nuclear Research Laboratory, Srinagar &
High Altitude Research Laboratory, Gulmarg

Two sources, Cygnus x-3 and Geminga, were
tracked by the Gamma Ray Telescope at Gulmarg to
detect ultra high energy gamma rays from these
sources. No periodic signal was detected from Cyg. x-3
during 1984 and 1985 which is in agreement with the
observations elsewhere. However, instances of gamma
ray burst type signals have been observed in October,
1985 when the source was having an unusual flaring
activity at radio frequencies. The source Geminga has
been tracked for a total of about 50 hours. Preliminary
analysis indicates a periodic emission at a period of
60-25 sec. A detailed analysis is in progress. The gamma
ray telescope is also being updated with two additional
mirrors of one meter diameter and a microprocessor for
recording of the data.



The PANBIT gamma irradiation source was made
available as a routine facility to local hospitals for the
sterilization of various medical products as a part of an
effort to promote radiation applications in the Kashmir
valley. This facility has been also extended to Kashmir
University and University of Agricultural Sciences &
Technology, Srinagar, for their research programmes. A
study of various elements in the 'loess-paleosol sedime-
nts' in Kashmir valley was conducted as this can provide
clues to major climatic changes that could have occurred
in tiie past 200,000 years. The study reveals that
rubidium, iron, titanium. • ese, copper and zinc have
generally high concent i i clay rich horizons of past
soils formed under warm humid climate whereas 'loess
horizons' deposited under cold and arid climate have
high concentration of calcium and strontium. Further,
the concentratin of iron and titanium is considerably
higher in loess profiles on Pir Panjal mountain flank
compared to profiles on Himalayan mountain flank
suggesting that loess minerology is controlled to a great
extent by nearby rock types in the valley. A supporting
facility to the multiple parameter sampling station is
being set up at Gulmarg. This involves simultaneous
measurements of meteorological parameters like wind
speed and direction, fluctuations in ambient temperature,
humidity and pressure. A simple and versatile photometer
for solar radiation measurement has been further develo-
ped to correlate it with the changing concentrations of
trace compounds in the atmosphere.

1-8 Variable Energy Cyclotron Centre, Calcutta

The Variable Energy Cyclotron at Calcutta operated
during the year with a new schedule involving three
weeks round the clock run followed by one week of
maintenance/development work and this schedule was
found to be very satisfactory. The utilization programme
included experiments in nuclear physics, nuclear
chemistry, analytical chemistry, radiation damage
studies, isotope production, activation analysis, space
physics studies and biophysics. Scientists from about 20
institutions such as TIFR, SINP, BARC, IGCAR, IITs and
universities utilise the accelerator. Several advanced
experimentaf set-ups like helium jet recoil transport

system for investigating short-lived isotopes and gas
ionization counter with 10 millisteradian solid angle to
detect low energy heavy ions were developed and used in
the experiments. A compton suppressed gamma-ray
spectrometer with a multiplicity filter was also developed
and used in experiments with the VEC beam. A number
of surface barrier silicon detectors for various nuclear
physics experiments were fabricated at VECC. The beam
quality both in time and energy resolution was improved
by developing a new technique using an unbevelled slit
at the ion source. A new data acquisition system based
on Norsk Data computer MD-560 with CAMAC interface
was commissioned for online experiments.

1-9 Plasma Physics

In recent years, thermal plasmas at atmospheric
pressures and elevated temperatures ranging from 2000
to 20,000 degrees have attracted considerable attention.
Several computer codes were developed for the analysis
of the thermodynamics, transport properties and
dynamics of such plasmas. The modelling of plasma
flow with the presence of condensed phase simulating
the melting and evaporation of solids in high temperature
medium, were also carried out and codes are now
available for predicting the rate of evaporation. On the
experimental side, the measurement of important
plasma parameters like temperature, electrical conducti-
vity, electron/ion concentration, velocity etc. in the high
temperature environment need special diagnostic
equipment Several instruments were developed for this
purpose. Some of these instruments were successfully
used during the commissioning of the Indian MHD plant
at Tiruchirapalli.

The technological applications of thermal plasmas
were also explored. Plasma spraying of ceramics is one
of the important areas of investigations. A novel
technique for preparing several millimetre thick ceramic
coatings on metals using a reinforced-pin structure was
developed. Thick zirconia electrodes prepared by this
technology were tested for applications in oxidizing
atmospheres.
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2. CHEMICAL SCIENCES

2 1 Basic Chemistry

Progress was maintained in the thrust areas of
radiation and photochemistry, laser chemistry, reaction
dynamics, isotope effects, interracial phenomena, and
structural chemistry. A few sophisticated instruments
and facilities needed for advanced research in these
areas, such as nanosecond time domain fluorescence
spectrometer, TEA IR laser, a quadrupole mass analyser,
and a high current nanosecond pulsed electron acceler-
ator are under various stages of installation and
commissioning. The molecular beam chemiluminescent
equipment built at Trombay started providing information
on dynamics of chemical reactions in short time scales.

Infrared laser induced pumping of vibrational levels
of perfluoropyridine molecule and its light emission in
the visible region was shown for the first time, thereby
indicating energy transfer to electronic levels of the
molecule which has considerable theoretical and
practical implications.

Theoretical model proposed earlier for valence and
magnetic transitions in mixed valence solids was successfu-
lly used to explain experimental results. A two phase
cluster model proposed earlier for one component
inorganic glasses and their melts was found to be
consistent with the observed trends in their physical
properties. A new theoretical approach of general
applicability for studying metal complexes by ion
exchange techniques was developed. Viscoelastic
behaviour of hydroxy benzoic acids in micellar systems
was satisfactorily explained on the basis of NMR studies.

Experimental evidence was 'obtained for the
incorporation of aliphatic hydrocarbon solvent
molecules in the polymer chain produced by gamma
radiation induced polymerisation of methylmethacrylate.
New research and development programmes initiated
include synthesis and investigation on magnetic and
super-conducting properties of a series of substituted
molybdenum chalcogenides, theoretical and
experimental efforts to understand structured fluids, and
molecular beam chemiluminescent studies in the
interaction of metal vapours with organic and inorganic
small molecules.

Considerable expertise has been developed in
computer plotting of complex molecules with a stereo

2 2 Water Chemistry

The facilities in the newly established Water and
Steam Chemistry Laboratory at Kalpakkam are being
augmented to cater to the requirements of our progra-
mme. A mini computer, installed recently, is being used
to simulate the chloride build up in MAPP-I secondary
system as a function of time and condenser tube
leakage. The software package works as an early warning
device to initiate corrective action in the event a sea water
ieak occurs. Some of the other important aspects of
direct relevance to FBTR and MAPP that are being
currently pursued are physico chemical features of
coastal waters, marine biofouling at the intake jetty, water
quality survey in open reservoir, crud characterization
and activity monitoring of the PHT system of MAPSI.
Components for a high temperature-high pressure loop
for model steam generator studies are being assembled.

As part of a back-up for the design of 500 MWe
PHWRs, normal and peak purification flow rates for PHT
system were computed and the performance of nuclear
grade indigenous ion exchange resins for PHT system
were evaluated for osmotic shock resistance, as well as
for mixed bed performance. The R & D efforts also
include studies on cooling water chemistry in heavy water
plants. Improved chemical processes were developed for
plugging of micro holes in pipes in inaccessible locations
of nuclear installations.

A chemical method to remove the A! turbidity from
the heavy water used initially in DHRUVAwas developed
and applied to the reactor system. The reactor turbidity
was first identified by electrophoretic and X-ray powder
diffraction techniques to be Bayerite aging to Gibbsite
(both are different modifications cf AI2O3.3D2O). Initially
a powdex strong cation exchanger in H+ form was
studied which cleared 2-5 x 103 ppm bed volumes of
turbidity. Replacing the H+ by Mg++ ion helped in
realising 4-25 x 103 ppm bed volumes. The choice of
Mg was made because of its high charge/radius ratio as
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compared to other ions. By switching over to a powdex
weak acid resin in Mg+ + form, because of its higher
capacity, the ppm bed volumes realisable become more
than 1.4 x 10". Incorporation of Mg (OH)3 in this weak
acid resin matrix to give (RCOO^g-Mg (OH)2 resulted in
an order of magnitude improvement in turbidity
clearance, the value obtained being 4-2 x 105 ppm bed
volumes. Experiment conducted with Dhruva D2O on
this resin has revealed that this bed,while removing the Al
turbidity, had also removed the activity associated with it

The first charge of this resin was responsible in
reducing the reactor heavy water turbidity from 136 ppm
to 36 ppm, Uranium from 100 ppb to 36 ppb and
system p y activity from 6000 pCi/ml to 2000 pCi/ml.
The second charge of the resin brought down the
turbidity to less than 2 ppm, tl to < 10 ppb and system
/?, y activity to 600 pCi/ml. The operation of a centrifuge
in parallel with this second charge of Mg bed partly
quickened the cleaning-up process.

2 3 Fuel Chemistry

Thermochemical studies on FBTR fuel and clad
were continued to assess the fuel-clad compatibility.
These included the study of carbon potential of fuel and
the clad as a function of temperature (Fig. 1). Carbon-
monoxide pressure in equilibrium with the fuel at high
temperatures was also measured to assess the transport
of carbon from the central high temperature region of
the fuel to the clad. Direct solid-solid reaction between
the fuel and the clad was studied in the temperature
range of 1220 to 1660 K.

Thermodynamic studies of a number of systems
relevant to understanding of fuel and fission products
reactions in an operating fuel were carried out One of
the spin offs of this work is the design and fabrication of a
high te-nperature Knudsen cell for vapour pressure
measurements on refractory materials at high tempera-
tures. Oxygen potential of mixed uranium-thorium oxide
fuel containing 10-20% thorium was measured using a
solid state galvanic cell. Thermodynamic parameters of
fission product compounds of caesium were obtained
using solution calorimeter and a high temperature

calorimeter. Chemical, thermal and X-ray methods were
used for characterisation of newly synthesised uranates
(Table 1) as well as for solid state reactions of plutonium
oxide, uranium oxide and thorium oxide with
ammonium sulphate at a temperature of 280°C

Phase equilibrium and phase transition studies on
certain ceramic compounds such as molybdates,
tungstates, uranates and perovskites were investigated
and the energetics as well as structural aspects were
determined. Kinetics of the fission gas release from
irradiated fuels was investigated.

Thermal ionisation mass spectrometry and alpha
spectrometric studies were carried out with a view to
simplifying the procedures for determining plutonium
concentration in dissolver solution of irradiated fuel
(Tables 2 8 3 and Fig. 2).

Inductively coupled argon plasma atomic emission
spectrometric method was standardised for the determina-
tion of lanthanides after their chemical separation in
uranium-aluminium alloy samples. The analytical perfor-
mance characteristics are given in Table 4. Atomic
absorption spectrometric studies of the atomisation
processes of boron in carbon rod atomher showed that
atomisation efficiency improves considerably in the
presence of ascorbic acid and titanium indicating their
possible use as efficient matrix modifiers. This is
illustrated in Fig. 3. Spark source mass spectrometrically
determined relative sensitivity factors for different
lanthanides were correlated to their physico-chemical
properties which are useful for determining lanthanides
in various fuel matrices without requiring the trace
constituent standards (Table 5 and Fig. 4).
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An engineering scale semi-continuous facility was
set up and successfully operated for the preparation of
500 g per day uranium oxide microspheres by sol-gel
process (see photograph).

2-4 Radiochemistry

The programme of work centred around nuclear
and physico-chemical studies on actinides and fission
products. Radiochemical studies have been carried out
on charge distributioniand fragment angular momenta in
the neutron induced fission of U-233, G-235, Np-237, Pu-
239 and Pu-241. It is observed that the angular momenta
of odd-Z fragments are high compared to their
neighbouring even-Z ones. This was attributed to
polarization of everi-Z core by the odd proton (Fig. 5). A
systematic decrease in the angular momentum of the
fragments as a function of neutron number of the
complementary fragments brings out the importance of
66 neutron deformation (Fig. 6). Alpha particle induced
fission of Th-232 and 0-238 was studied to arrive at
important information about the role of excitation energy
and saddle properties on the fission process. The results
obtained in the mass distribution and mass resolved
angular distribution in the alpha particle induced fission
of Th-232 are given in Fig. 7 and Table 6 respectively. A
new and simple method of correction for self-
multiplication of neutrons in samples containing large
amounts of plutonium was evolved leading to accurate
estimates of plutonium in sealed containers by the
neutron coincidence counting technique (Fig. 8). Half-life
of Pu-241 was determined precisely and accurately by
two independent methods and this work has resolved the
discrepancy in the values reported earlier in literature
(Fig. 9).

Studies were carried out on the synergistic extrac-
tion of curium from aqueous thiocyanate medium and
from non-complexing perchlorate medium. Equilibrium
constants were also determined for the various species in
these studies. Investigations carried out on the synergistic
extraction behaviour of uranium showed that stearic

hindrance plays a part in the complexation of uranyl ion
with PMBP and sulphoxides containing more than 7-8
carbon chain length (Fig 10). Electron paramagnetic
resonance studies were carried out on gamma irradiated
ammonium uranyl phosphate. The spectra of radicals
formed (PO4 ~

2 and NH3
 +) and their temperature depen-

dence are shown in Fig. 11.

2-5 Analytical Chemistry

Development and validation of analytical methodo-
logies for the R & D programmes of BARC and other
constituent units of DAE was continued and this consti-
tuted a very major part of the analytical chemistry effort
The important analytical chemistry work done during
this year includes determination of gases in samples of
stainless steel from DHRGVAand TAPS, zircaloy from
NFC iron and vanadium alloys and superconducting
niobium-titanium alloys. A number of special analytical
services were provided to several institutions outside
DAE. These include analysis of amzirc (a high conducting
high endurance alloy developed in BARC for^use in HAL,
Hyderabad), copper contact wire from Ministry of Railways,
gold in sea sedimens for Customs, lead in blood samples
from workers of spray paint shop of Air India, iron,
chromium, nickel, aluminum and titanium in engine oils
of Air Bus and cadmium in cartridge brass samples from
Ordinance Factory, Ambernath. Analytical service was
also rendered for MIC residue analysis after the Bhopal
gas leakage.

Existing facilities for instrumental analysis have
been augmented by installation of a special spectrometer
provided with a dynamic background corrector to be
used for a quality assurance programme of analyses
jointly with five National laboratories under a collaborative
programme of the Department of Environment An
intercomparison work has been completed and the
results have been communicated to the concerned
laboratories. A workshop on Quality Assurance of
Analytical Data was also organised in BARC as part of ar
integrated programme of the Department of Environm-
ent on heavy metals.
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Table 1

CRYSTAL PARAMETERS OF NEW (IRANATES

Compound Crystal
System

Cell Parameters Density No. of
g/ml molecules

Rb2UAOl2 Rhombohedral a-9-246A°; -94-8' 5-48 2

K,a4O12 Tetragonal a-7-95A°; C-10-69A" 6-2 2

•n2a,O,2 Rhombohedral a-8195A°; -92-6° 13-96 3

Table 2
Results of plutonium concentration in different pluto-
nium samples using "9Pu, 240Pu and 242Pu spikes in
isotope dilution thermal ionisation mass spectrometry
<ID - TIMS)

Plutonium concentration ifg/g) (I)

ID-TIMS ID-TIMS
("°Pu) (II)

ID-TIMS (III)
<"2Pu) (111)

(HO

8-466
3-960
6-461

23110
7-863
7124

35-916
14-788
22-346

8-507
3-964
6-471

23188
7-870
7122

35-882
14-777
22-336

8-489
3-964
6-452

23187
7-880
7139

35-860
14-801
22-342

0-9973
0-9990
10014
0-9997
0-9978
0-9979
10016
0-9991
10002

1-0021
1-0000
10029
10000
0-9987
0-9976
10006
0-9984
0-9997

Mean 0-9990 10000

Mean relative precision : 0-1 to 0-23!

Table 3
Concentration of plutonium in various samples as deter-
mined by isotope dilution alpha spectrometry (IDAS) and
isotope dilution mass spectrometry (IDMS)

Concentration of plutonium (/ig/g) (I) (I)

IDAS- 1

76-20
67-75
84-98
77-23
84-7]

148-24
138-38
113-51

IDAS-2

76-27
67-60
85-80
77-53
84-85

148-34
138-58
114-35

DMS ("2 Pu)

75-92
6711
8519
7715
83-98

147-64
138-21
113-58

(III)

0-9991
10022
0-9904
0-9961
0-9983
0-9993
0-9985
0-9926

(HI)

1-0037
1-0095
0-9975
1-0010
10087
10041
10012
0-9994

Mean 0-9997 1003

IDAS-) : Samples without purification
IDAS-2 : Samples with purification
Mean relative precision : 0-2 to 0-356

Table 4
Analytical Performance Characteristics for Rare Earth

Elements in (U. Al) Alloy by ICP-AES

Element Estimation Amount
Added

Range ppm

Amount
Found
ppm

56RSD'

Dy

Eu
Gd

Sm

Dy

Eu
Gd

Sm

0-02-10
0-02-10

0-05-10

0-10-10

0-02-10

0-02-10

0-05-10

0-1-10

0-5
0-5

0-5

0-5

2

2

2

2

0-49

0-50

0-62

0-52

1-85

1-77

1-87

1-90

2
3
13
10

0-5

0-5

1

1

"Based on 12 replicate measurements

lines 85. (230)

Table 5

Experimental and computed relative sensitivity factors
(RSF) for lanthanidcs in U2OH matrix using Er as
internal standard.

Computed values based on dissociation energies of
sesquioxides (RSF-1) and dissociation energies of
monoxides (RSF-2)

Element Experimental RSF value Computed RSF values

RSF-1 RSF-2

Ce
Nd
Sm
Eu
Gd
Dy
Er
Lu

0-99
112
1-23
1-26
0-91
1-06
100
0-88

0-92
104
114
1 27
0-97
103
100
0-92

0-80
0-87
107
110
0-85
100
100
0-85

Table 6

Observed Anisoteopies of the Fission Products

Fission
Products

"Me '"To ' "Ce l u P d "7 lnCd

W(O)w(90) 1-76

Average

1-72 1-70

1-75 ± 0005
35 ± 2

1-80 1-38 1-42

1-40 ± 0-02

65±3
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3. MATERIALS & MATERIALS SCIENCES

3 1 Materials

Heavy Water

A Heavy Water Upgrading Plant based on vacuum
distillation process was successfully commissioned at
MAPS, Kalpakkam and its performance has been
excellent. Another Heavy Water Upgrading Plant was
commissioned sf RAPP, Kota. The Upgrading Plant at
BARC functio x very satisfactorily and the heavy water
which was degraded in the CIRUS and DHRUVA reactors
was purified to reactor grade using this ptant. Work on
setting up of the Final Enrichment Plant for the Heavy
Wntei Plants at Manuguru and Thai and on the Upgrading
Plant at Narora made satisfactory-progress.

Since hydrogen sulphide is an important feed
material in the production of heavy water, work on
setting up of a pilot plant for the production of high purity
hydrogen sulphide through direct reaction of hydrogen
with sulphur was set up. Based on the data collected
through the successful operation of this plant, a
commercial size plant is being designed. Encouraging
results were obtained from basic research carried out in
the identification of a suitable catalyst for water-hydrogen
exchange studies which may also prove useful in
removing tritium from heavy water. As a part of the
preparation of heavy water standards for use in mass
spectrometric analysis, "near O ppm", heavy water was
produced by double distillation technique. The national
survey for studying the variation in deuterium concentra-
tion in natural water sources was continued.

Rare Earths & Other Materials

The solvent extraction process for individual rare
earth separation was further developed to produce
samarium oxide of 99% purity starting with the concentrate
of 60-70% purity. Similar R & D work aimed at production
of gadolinium and yttrium of high purity has been taken
up. In collaboration with Hindustan Zinc Ltd., a process
for the production of high quality copper sulphate as a
byproduct from their zinc plant residues was developed
and a semi pilot plant has been set up for testing the
process. If the process is successful, there is scope for an

annual production of 500 tonnes of copper sulphate
which has a ready demand from Hindustan Zinc Ltd. A
process for recovery of cobalt from zinc residues was
also developed and is awaiting tests at the plant by
Hindustan Zinc Ltd. If it succeeds it will be the first
indigenous production of cobalt. Hafnium, a nuclear
poison which has to be removed from zirconium, has
accumulated as a crude concentrate at NFC, Hyderabad.
A process for extracting and purifying hafnium from this
concentrate was developed and will be implemented at
NFC, Hyderabad.

Work on the development of processes for the
recovery of lithium from lepidolite ore, separation of
thorium from uranium solution and purification of
helium was continued. A high pressure unit based on
condensation and cryogenic adsorption of nitrogen for
separation from helium is being set up. Studies on
separation of stable isotopes by various methods were
continued. Nitric acid containing 40% nitrogen-15 was
produced and was used in the preparation of N-15
compounds like urea, ammonium sulphate, diammonium
phosphate, ammonium nitrophosphate, which were suppli-
ed to various institutions for agricultural research. Assis-
tance was rendered to M/s. Rashtriya Chemicals &
Fertilizers at Trombay in setting up a plant for large scale
production of N-15 enriched nitric acid based on the
process developed in BARC. Production of scintillation
chemicals PPO and POPOP was continued to meet the
increasing requirements of the nuclear power plants and
various research organizations. Development work on
the production of plastic scintillator materials was
continued. In pursuance of the further development
work on fluorine production technology, a 500 A fluorine
cell with improved design parameters was commissioned.
The performance of this cell was found to be satisfactory.
The fluorine produced in the cells is being utilised for the
preparation of sulphur hexafluoride and certain metal
fluorides. Fabrication of a 1500 A fluorine cell is in
progress.

3 2 Materials Sciences

Considerable advances were made in the pro-
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grammes on boron carbide product development,
molybdenum metallurgy, mineral processing, and alloy
development

A process for producing BORAL (a composite of
boron carbide in an aluminium matrix) and boron
carbide impregnated rubber sheets/sleeves has been
well standardized. These materials were supplied to
various users both within and outside DAE. Facilities for
recovering molybdenum from its primary source, moly-
sulphide, and from its secondary sources such as
molybdenum scrap and lamp industry effluents were
estabUshed. The alloy development programme principally
oriented towards aluminium-zirconium and rare earth-
silicon alloys were successfully scaled up. These alloys
were supplied to Defence Organizations and Steel Plants. In
the field of minerals, studies were made on ilmenite and
sillimanite which are products of OSCOM. Laboratory
processes to upgrade the ilmenite to synthetic rutile and
to convert sillimanite into a granulated product for
refractory brick manufacture are being developed. Sub-
sequent to the very satisfactory performance of three
prototype control blades for TAPS, fabrication of control
blades was undertaken and one number has been
delivered.

Substantial progress was made in the important
areas of electrometallurgy and application of lasers in
metallurgical research. Among the various electrome-
tallurgical processes developed, extraction of lanthanum
and cerium, electroless nickel plating of metallic and
ceramic materials, electroplating of thin layers of
aluminium from organic baths and electroplating of
zircaloy billets deserve special mention. Electroless
nickel plated alumina blocks made in BARC and
installed in the recently commissioned MHD channel at
BHEL at Trichy are performing well. Copper plated
zircaloy billets are under evaluation with a view to
replacing the elaborate procedure of mechanical cladding
followed in the large scale fabrication of zircaloy. A 100W,
continuous wave C02 laser facility was successfully
operated and the possibility of its application in drilling,
cutting threads, scribing on sintered alumina bodies, etc.
is being explored.

The material evaluation programme has been
mainly devoted to the study of corrosion of nuclear
construction materials. Some of the important studies in
this programme are assessment of fuel-clad and coolant-
clad interactions, stress corrosion cracking behaviour of
steam generator tube materials and special steels
chosen for use as in-core material in the BWR at Tarapur.
In the course of studies on hydrogen embrittlement of
zirconium-niobium alloy coolant tubes, a new technique
was developed for charging hydrogen into the alloy.
Compatibility studies were also carried out on copper,
nickel based alloys and titanium alloys for their use in
saline water environment encountered in power reactors
and desalination plants.

Investigations pertaining to the behaviour of alloys
in different thermal, chemical and radiation environments
were carried out with special reference to structural
materials used in nuclear power plants and heavy water
plants. These included studies on changes in microstru-
ctures and mechanical properties of nickel based alloys
in high temperature service, steels in hydrogen environ-
ments, and zircaloy and nuclear steels under cyclic
loading.

Zirconium-niobium alloy, the pressure tube material
for the latest generation pressurized heavy water
reactors, was systematically studied in collaboration with
Nuclear Fuel Complex with a view to optimizing the
fabrication parameters and to achieve important in-reactor
property requirements. An in-pile creep facility was
fabricated for installation in DHRUVA with a view to
generating data on Zr-Nb and other alloys which will be
useful in the construction of future PHWRs. Experiments
are also planned to generate quick data on in-pile creep
on these materials. Different methods of solid state
bonding of zircaloy with zircaloy as well as with stainless
steel were attempted and the mechanism of bonding
was studied.

Rapid solidification was employed in preparing a
variety of metallic glasses, microcrystalline nickel based
superalloys and quasicrystalline materials.

Shape memory alloys like nickel-titanium and
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copper-zinc-aluminium were developed and a working
model to demonstrate the principle of a solid state heat
engine was constructed and also exhibited.

Work onthe'developmentoftwistediniobium-titanium
superconductor wires was continued. 50 kg of 45-
filament wire of 0-5 mm diameter was fabricated and
supplied for making magnets for low temperature
physics experiments.

In view of their promise as a potential new class of
ferro-electric materials, several vanadium oxyfluorides
were investigated to locate the phase transitions as well
as to obtain the enthalpies and also to define their
thermal stability range. A notable accomplishment is the
setting up of a computerised crystallographic data base
system.

3-3 Process Technology

Desalination

Fabrication work related to the setting up of 425
m3/day Multi-Stage Flash Desalination plant has been
completed. Erection of equipment and piping is in
progress. The plant is expected to be commissioned by
Dec, 1986. Erection work on the 30 m3/day ship-
borne desalination plant has been completed and trial
runs will be started shortly. Process design of the 250
mVday VTE-MSF (Vertical Tube Evaporation-Multi
Stage Rash) process desalination plant has been
completed and machinical design is in progress. R & D
work related to the development of materials suitable
for sea water services and for advanced heat transfer
tubes was carried out

Two reverse osmosis desalination plants of
10 mVday capacity (based on 8 hr/day operation)
were set up in Gujarat and Andhra Pradesh. These
plants supply drinking water to the villagers from the
only available source of brackish water. Performance
data obtained from the reverse osmosis demonstration
unit at the Ennore Thermal Power Station in Tamil
Nadu indicated that combined reverse osmosis and
ion- exchange process is suitable for economical

production of boiler grade water for thermal power
stations. Small reverse osmosis units of 30 lit/hour
capacity, suitable for use as portable fresh drinking
water supply units in canteens, hospitals, etc. were
assembled and demonstrated at various exhibitions. R
& D work for development of new membranes for
reverse osmosis process was continued.
Hydrogen Production

All the civil and air handling work for the 70 kg/day
Electrolytic Hydrogen Plant was completed. Work is in
progress on the installation of electrical, process and
mechanical equipment Technology for electrolytic
production of 3 kg/day hydrogen was tansferred to
M/s. Gujarat Machinery Ltd. on a non-exclusive basis.
Tin Pilot Plant

Based on the process technology developed in
BARC.a pilot Tin Extraction Plant was set up at Raipur,
Madhya Pradesh, in collaboration with the M.P. State
Mining Corporation. The plant was formally inaugurated
by the Chief Minister of Madhya Pradesh on June 14,
1985. Plans are on hand to extend the necessary
technical help to M.P. State Mining Corporation for
setting up large scale plants and preliminary technical
report is already prepared.
Others

The significant achievements in the development
of new processes and products were 50 g scale
preparation of gallium phosphide- a high technology
electronics raw material; demonstration of high
temperature catalytic activity of a new hydrophobic
catalyst for deuterium exchange in liquid water and
scaled up preparation of coumarin laser dyes.

Beryllium Technology
Vacuum hot pressed beryllium blocks were

produced in kilogram quantities from Indian beryl ore
after streamlining process parameters, and components
of intricate shape were machined for use by
Department of Space. Large quantities of copper
beryllium alloy ingots for further fabrication into the
requisite shapes and some lengths of Cu-Be strips were
made for use in electronics industry.
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4. UFE SCIENCES

4* 1 Molecular Biology & Agriculture

A DNA repair gene isolated from a species of
bacteria (Haemophilus influenzae) was cloned. This
DNA clone when added to repair deficient cells of the
same bacterium made them as resistant to the action of
ultraviolet light as the normal cells.

A small plasmid with a molecular weight as low as
6 x 106 was isolated for the first time from the
bacterium Rhizobium meliloti. This plasmid could be
detected physically but its presence could not be
monitored genetically. DNA of this plasmid has now
been toned in E. colt with another plasmid which
contains genetic markers and can now thus be tracked
genetically.

Streptomycetes are economically important micro-
organisms for production of several antibiotics. A
temperate phage (virus) isolated from Streptomyces can
infect several species of this genus and can bring about
heritable changes in the host following integration of
phage DNA.

In the absence of sodium, nitrogen fixation does not
occur in cyanobacteria. Presence of sodium ensures
adequate levels of nucleoside phosphates which seem
essential for processing nitrogenase to convert nitrogen
to ammonia. Field experiments demonstrated drastic
fluctuations in the type and number of cyanobacteria
present during the monsoon rice crop season. Two
strains of cyanobacteria were found to be efficient in
nitrogen fixation under monsoon climate.

Transposon 9 (Tn9), which is one of the mobile
elements in bacterium E. co'J and carries a gene for
resistance to antibiotic chloramp henicol, can increase or
decrease the number of its copies depending on the
genetic background of the host cells. Six new genes were
implicated in the amplification and one in deamplifica-
tion ofTn9.

Favourable effect on grain yield in barley by foliar
sprays of growth regulators at flag leaf senescence
initiation stage was found to be due to higher contribution
from 5th onward secondary tillers. A concentration-
dependnt antagonistic interaction of morphactin with

gibberellin was noted in barley.

A new method for efficient fusion of yeast protoplasts
using electrical fields was devised. In many respects this is
superior to the conventional polyethyleneglycol method.

The effect of a common anti-cancer drug, melphalan,
on a solid malignant tumour in mice was found to be
considerably enhanced when it was given in combination
with trimepraane, which is a potent sensitiser for tumour
cure by radiations and hypothermia.

4-2 Biochemistry

An international collaborative study was undertaken to
evaluate the germinal mutagenic activity of two unknown
carcinogens.

Serum samples collected from 35 MlC-affected
persons were analysed for any possible alterations in their
protein pattern. About 17 protein bands were obtained and
general pattern was comparable to that of the healthy
samples. However, in some MIC-samples, a distinct extra
protein band was obtained in the globulin region.

Efforts were made to analyse structures of DNA
segments having crucial regulatory functions. Low doses of
ultraviolet radiation were found to inflict injury preferentially
on segments of yeasl mitochondrial DNA involved in
initiation of mitochondrial DNA replication and
transcription. Structure-function relationships of a number
of proteins and enzymes having important roles in cell
metabolism and regulation are being elucidated. Studies
on carbohydrate metabolism in halobacteria revealed that
normal pathway of glucose breakdown is replaced by a
modified pathway. A number of model systems were
studied to understand chemobiological interactions and
their roles in drug action and toxicity. Among the studies
earned out are action of the betablocker drug pnopranalol in
regulating cardiac functions, action of the antidepressant
drug imipramine on brain proteins and perturbations in
biomembrane structures brought about by the leprosy
drug, dapsone. Investigations on the drug metabolising
enzymes and their induction by normal metabolites were
continued. It was demonstrated that normal metabolites
such as nicotinamide, methionine, and reduced
glutathione, could effectively enhance activities of the
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drug metabolising enzymes in livers of normal and
tumour-bearing animals. This phenomenon could have
relevance to cancer- chemotherapy.

Simple test systems based on covalent interactions
with DNA were developed with a view to identifying
substances that may have potential to antagonise
carcinogenic propensities of certain chemicals. Promising
results were obtained with some natural and synthetic
components, viz., vitamin-A, vitamin-B2, and their physio-
logical derivatives, flavonoids, copper, and synthetic
antioxidants. Studies are being carried out to develop
newer diagnostic methods based on biochemical
principles for certain disorders like cancer and cardiac
malfuntions. Oxalate oxidase was purified from plant
sources including banana peel with the aim of using it in
enzyme therapy for kidney stones. Studies on metabolism
and elimination of radionuclides, viz., radium, thorium
and strontium in animals are being continued.

4-3 Bio-Organic Chemistry & Biotechnology

Research pertaining to the propagation of eco-
nomic as well as crop plants through tissue and cell
cultures as well as the isolation of bioactive compounds
from plant sources were continued.

Embryogenic tissue cultures of sandatwood were
maintained and periodically plantlets were derived from
them. As a part of technology transfer 48 test tube raised
plants of sandahvood were supplied to Sandal Research
Centre, Bangalore and 85 in vitro derived plants of
mulberry were given for field trials to the Central Seri-
cultural Research & Training Institute, Mysore. Investi-
gations on the multiplication of oil palm through tissue
cultures were intensified. Methods for mass cultivation of
plant cells in bio-reactors were standardised. Ceil
suspensions of certain plants were successfully grown in
seven litre capacity air-lift bio-reactors. A two-staged
cultivation of some of the plant cells in bio-reactors
resulted in significantly higher production of ajmalicine
and serpentine, which are used to treat human circu-
latory disorders.

Actue toxicity evaluation of Tylophora alkaloid
extract was completed and the drug was found to be

safe. This alkaloid extract was found to be antimutagenic
in experimental models. Certain chemicals useful in the
treatment of diseases such as liver cirrhosis and jaundice
were extracted from some of the commonly occuring
plants.

Work on scaling up the process for continuous
hydrolysis of sucrose to produce syrups containing
fructose and glucose using immobilized yeast cells was
started. Oreolytic organisms which tolerate high concen-
tration of urea and ammonia were isolated. A yeast
variety rich in D-amino acid oxidase and catalase was
immobilized in polyacrylamide beads using gamma rays.

Totapuri mango pulp was found to contain limiting
amounts of pyruvate and pyruvate decarboxylase to
generate aroma. The incorporation of exogenous sodium
pyruvate and yeast pyruvate decarboxylase increased
aroma intensity in Totapuri pulp.

4*4 Nuclear Agriculture

Experiments carried out during the year generated
new materials and information useful for genetic
improvement of crop plants, enhancing the efficiency of
fertilizers and micronutrients, and understanding the
environmental impact of agro-chemicals and organic
manures.

The Ministry of Agriculture, Government of India,
released varieties of pigeon pea, black gram and ground-
nut developed in BARC for commercial cultivation.
Kerala State Seed Committee released two groundnut
varieties for cultivation. In the widely grown bread wheat
variety, Kalyansona, two alien genes for stem rust
resistance from rye were incorporated. These lines have
shown a high degree of resistance to all the races of stem
rust prevalent in India.

New low cost nitrophosphate fertilizers (ENPEX)
developed by Projects and Development India Ltd.,
Sindhri, were evaluated. In general, ENPEX fertilizers
were found to be equal or superior to the currently used
phosphatic fertilizers diammonium orthophosphate
(DAP) and ammonium nitrate phosphates (ANP) in two
soil types. Iron is an important micronutrient required by
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many plants, and non-availability of iron causes chlorosis
and reduces yield. A chemical was identified which when
supplied to chlorotic sorghum makes iron available to
the plants Which turn green within 24 hours of appli-
cation.

Application of pesticide lindane to crop plants
resulted in the formation of unextractable residues in
soil. Investigations carried out suggest that bound
residues of lindane may not be of any toxicological
significance. Higher cadmium levels were found in plants
grown in soils manured with sewage sludge and city
compost containing cadmium indicating that caution is
needed in applying sludge and compost containing even
low levels of cadmium to farm lands.

4-5 Pest Control

It was found that contrary to Hopkins hypothesis,
spotted bollworm females do not show any preference
for oviposition to the host plant on which its larvae were
reared. By selective screening and breeding through 22
generations, a population of the khapra beetle with
considerably reduced male response to the female sex
pheromone was obtained. The pheromone secreted by
the females of the selected population was found qualita-
tively different from that of the parent population.
Treatment of potatoes with a microbial insecticide dust
gave protection from the tuber moth damage for more
than three months. A microsporidian isolated from the
American Cotton Bollworm was also found pathogenic
to the tobacco leaf eating caterpillar.

Several plant extracts and synthesised compounds
were tested for their insecticidal, hormonal and anti-
feedant action in insects. A few of these compounds
were identified for detailed work. Sex phermones of
patato tuber worm moth, black cut worm, and Cremato-
gaster ants were synthesised.

4*6 Food Technology

Research on the application of radiation to the
preservation of a variety of food materials was continued.
A delay in the time of irradiation following harvest was
found to result in a transient stimulation of sprouting in

"Rabi" onions during storage. Preliminary results
indicated that holding irradiated onions at temperatures
above 30C for 20 to 30 days prior to transferring to lower
temperatures significantly reduced the radiation induced
stimulation of sprouting. Biochemical basis for the
apparent susceptibility of gamma-irradiated potatoes to
soft rot was investigated with reference to phenyl
propanoid metabolism. Experiments have shown that
irradiated potatoes treated with a species of bacteria
(Bacillus thuringiensis) could cause reduction in spoilage
by soft rot organisms. The mechanism of protein degra-
dation and the resultant spoilage processes was studied
in fish skeletal muscle and other tissues. A method to
differentiate a fresh fish from the stored one is being
developed. Exposure to gamma radiation effectively
sterilised some of the common Indian spices without any
deleterious effects on the quality. The method is effective
in eliminating microbes in prepacked ground spices
obtained from local markets which are found to be
highly contaminated with bacteria and fungi. The volatile
oils from the leaves, stalks and matured green berries of
pepper were isolated and analysed. Methods to control
aflatoxin producing fungi in groundnuts and maize were
developed. Detoxification of lipopolysacharides from
common pathogens in flesh foods was accomplished by
irradiation at 3-0 Mrad. Alphonso mangoes ripened at a
temperature above 30C develop brown discoloration of
the skin. However, ripening at 2Cfc was found to avoid
such discolouration in ripe fruits. These fruits could then
be stored for about 2 weeks at 1O°C Green Alphonso
mangoes stored for 30 days at 10°C and subsequently
ripened at 30 to 35C could be held for a further period of
2 weeks at ltfC without any damage.

4-7 Radiation Medicine

Animal models for cirrhosis of the liver and parasitic
diseases were standardised. Animal models for brain
tumours were developed and the usefulness of various
radiopharmaceuticals as imaging agents is being
evaluated.

New methods are being developed for the evaluation
of certain thyroid hormones (free T3 and freeT4) which
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will be useful in day-today clinical assessment of thyroid
diseases as well as in experimentally induced disorders
of thyroid. Monoclonal antibodies to serum thyroglobulin
were developed.

The i adioimmunoassay developed for detection of
TB antigen has proved to be very useful in the diagnosis
of non-pulmonary tuberculosis and also in studying the

response to treatment. Radioimmunoassay for some of
the common brain antigens like Myelin basic protein and
cilial fibrillary acidic protein are being standardised to
study the effect of brain involvement due to infections,
tumours and toxins resulting in brain damage. Methods
are being developed to study diseases such as leprosy
and malaria.
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5. RADIOISOTOPES

5*1 Radioisotope Production

During the year, 1600 samples of various target
materials were irradiated in theCIR(JS:and APSARA
reactors. These included a set of 12 antimony pins
irradiated in QRCfS for producing 150 curies of antimony-
124 for use in start-up neutron sources for the FBTR
reactor at Kalpakkam. Trial irradiation of molybdenum
was carried out in the DHROVA reactor for the production
of molybdenum-99. A total of 50,000 consignments of
radioisotopes and related equipment valued at Rs. 2-3
crores were supplied to the users in the country and
abroad. Major supplies included 9 cobalt teletherapy
sources supplied to various cancer hospitals, 4 gamma
chamber units supplied for radiation research and 135

kilocuries of cobalt-60 sources installed at Isomed Plant
at Trombay.

5-2 Radiochemicals

One hundred and seventytwo batches of various
reactor produced radioisotopes totalling 950 curies of
activity were processed during the year. About 1000
consignments of phosphorus-32 labelled super-
phosphate were supplied for use in agricultural
research. A total of 1000 tritium filled self-luminous
sources were supplied to various defence establishments
and 66 consignments of promethium-147 activated self-
luminous compounds were supplied to various units of
Indian Air Force.

5-3 Radiopharmaceuticals

During the period nearly 35,000 consignments of
radiopharmaceuticals were supplied to over 100 user
institutions in the country for use in nuclear medicine. It
is estimated that about 500,000 patients would have
benefited from the diagnostic and therapeutical applications
of these products. Some of the more important
applications have been in cardiology, early detection of
endocrine disorders including hypothyroidism in new
born babies and diagnosis of disorders of kidney, liver,
lungs and brain. A new generator system for the
production of technitium-99 m, from its parent
molybdenum-99, at the hospital site, has been

developed. Considerable progress was made in the
development of new radiopharmaceutical products
such as Technetium-99 m labelled DMSA, BCA-glucose,
BCAfatty acids for early detection of cancer, disorders of
brain and heart function studies. Radioimmunoassay
procedures have been developed for the mass screening
of new born children for neonatal hypothyroidism.
Development of RIA procedures for testesterone,
aldosterons for use in early diagnosis of puberty
disorders and hypertension has been undertaken. A
hybridoma laboratory is being set up for large scale
production of highly specific monoclonal antibodies
required for improved RIA and immuno-scanning proce-
dures. Extension services were provided to several hospi-
tals and medical institutions from the regional centres for
distribution of radiopharmaceuticals set up at Bangalore,
Delhi and Dibrugarh.

5*4 Tritium, Carbon-14 and Phosphorus-32
Labelled Compounds

Labelled compounds of tritium, carbon-14 and
phosphorus-32 were supplied to a large number of
institutions in the country- for use in research in bio-
sciences, e.g. genetic engineering, biochemistry, drug
research, enzyme biochemistry, etc. The R & D work for
the indigenous production of P-32 labelled nucleotides
required for use in biotechnology programme in the
country was continued. The construction of the new C-14
and H-3 labelled compounds laboratory at Vashi, New
Bombay is progressing as scheduled and is expected to
be commissioned by mid 1987. The design of the
laboratory for the production of P-32 labelled compounds
has been completed and the construction work is
expected to commence shortly.

5-5 Radiation Sources

A total of 2300 consignments of radiation sources
of all types with an activity of approx 200,000 curies were
supplied to various users. These include 11,600 curies of
iridium-192 sources supplied for use in industrial radio-
graphy, 142,000 curies of cobalt-60 for use in industrial
and research irradiators, 40,000 curies of cobalt-60 for
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use in cancer therapy. Thirtysix numbers of tritium
targets were supplied during the year.

5-6 Radioisotope Applications

Tracer Applications in Industry & Hydrology

Radiotracer investigations were carried out off the
coast of Karwar to study the dispersal of effluents
discharged by a caustic soda manufacturing unit into
the sea. The dilution of the effluent in different directions
at known distances from the discharge point was evaluated
from the studies in order to confirm that the desired
degree of dilution takes place in actual practice
Radiotracer investigations carried out at an alumina plant
confirmed that the mean residence time in different
digestors of the alumina plant corresponded to the
design value and that the residence time distribution
corresponded to plug flow condition. A minute leak in
the buried pipeline laid between the oil refineries at
Trombay and Poona for the transport of petroleum, was
detected using radiotracer technique. The leak was
detected within a very short-time and at a low cost, thus
enabling Hindustan Petroleum Corporation to rectify the
pipeline in time for commissioning the same.
Radioisotope studies were also carried out on this
pipeline for locating blockages in the pipeline prior to its
commissioning. A simple radioisotope based device has
been developed for OMGC for providing an early warning
of the arrival of a tool used in some of the production
operations at the surface of oil well from inside the deep
well. The early warning helps in preventing damage to the
tool in the event it strikes against the derrick due to
overshooting during the high speed retrieval operations.

Isotope studies carried out for the Irrigation Depart-
ment of the Tamilnadu Government at the Minjur aquifer
have shown that the salinity observed in the aquifer is
largely due to the sea water intrusion to the ground-
waters. The rate of inland movement of fresh water - salt
water interface has been measured using the radiotracer
method. The high salinity observed in certain pockets in
the area is attributed to the leaching of salts in the nearby
salt pans. Environmental stable isotope studies carried
out in the Cauvery delta near Tanjavur in Tamilnadu

showed that the shallow and deep ground waters in this
area derive water from different sources. Radiotracer
investigations carried out in the Hooghly estuary have
provided useful information on the direction and rate of
movement of silt on the river bed. These results will be
helpful to the port authorities in assessing the suitability
of the site currently being used for dumping the silt
dredged from the Calcutta port.

Radiation Technology

The design and development of medium scale
cobalt-60 gamma irradiation plant for research/commercial
applications were continued. A large cobalt-60 irradiation
facility is being installed at the Sri Ram Institute for
Industrial Research, New Delhi, for work relating to
radiation polymerization for research and pilot scale
application. A project has been undertaken for
setting up a medium sized (300 kilocuries cobalt-60)
gamma irradiation plant for sterilization of medical
products at the Kidwai Memorial Institue of Oncology,
Bangalore, in co-operation with the Government of
Karnataka. The civil works of the Sewage Hygeinisation
Research Irradiator (SHR1) to be set up at Baroda for the
treatment of domestic sewage is at an advanced stage of
completion. The othei works of the project are progress-
ing satisfactorily and it is expected that the plant will be
commissioned by early 1987.

Radiation Sterilization of Medical Products

The Isomed Plant at Trombay continued to offer
gamma radiation services for sterilization of medical
products to over 100 user industries. A total of 5,114 cu
metres (180,646 cu ft) of medical products were sterilized
at the plant thus registering an 18-6& increase over the
volume of products sterilized in the plant during the
previous year. Research and development work on the
feasibility of radiation sterilization of pharmaceutical
substances was continued. The physiochemical investi-
gations carried out on gamma irradiated samples of
pitrofurazon, sodium carboxymethyl cellulose and
psyllium husk, showed the feasibility of sterilizing these
products by radiation.
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Industrial Radiography/Nudeonic Gauging

Twelve training courses in the field of industrial
isotope radiography were conducted during the year
which were attended by 475 industrial personnel, qualify-
ing them to carry out either industrial radiographic
inspection or to act as site-in-charge of industrial radio-
graphy installations. The scientists of Isotope Group
actively participated in the activities of the UNDP (RCA)
Project in Nondestructive Testing, for bringing about

uniformity in the national training and certification
programmes in the countries of S.E. Asia. Specialised
inspection services were provided to Koyna Hydro Power
Station for following up of inherent flaws in the buckets
of the peltron wheel. A breadboard model of a pipe
gauge for detecting blockages in pipes of dimensions
varying from 25mm to 70mm using a single probe has
been developed.
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6. REACTORS

6-1 Dhruva Reactor

One of the major highlights of the year was the
successful commissioning of the fifth research reactor
DHROVA. The reactor attained criticality on August 8,
1985. It is a 100 MW heavy water moderated and cooled
thermal neutron reactor completely designed and built
in India. The design of the reactor incorporates many
new features which were the result of considerable
research and development work carried out at Trombay.
A number of Indian industrial firms and BARC between
them shouldered the responsibility of fabricating all the
major components of the reactor such as the reactor
vessel, fuelling machines, heat exchangers and coolant
circulating pumps. The maximum thermal neutron flux
of 1-8 x 10'4 neutrons per cm2 per second makes
DHRCJVA one of the high flux research reactors in the
world. One batch of radioisotopes produced in DHRUVA
for use in nuclear medicine was supplied on October 8,
1985. The reactor was dedicated to the nation by Prime
Minister Rajiv Gandhi during his visit to BARC on
November 11, 1985.

6*2 Reactor Engineering

The major thrust of the work was in providing
engineering R & D support for the 235 MWe and 500
MWe Pressurised Heavy Water Reactor (PHWR) systems,
and in commissioning of DHRtlVA.

A number of special engineering facilities have been
set up for acceptance testing of some of the important
pieces of equipment, and- components of the power
reactors under the pressure and temperature conditions
prevailing in an operating power reactor. The coolant
circulating pump in a PHWR is one of the most critical
pieces of equipment and one of the last to be indigenised.
The indigenously manufactured coolant pumps to be
used in the second unit of the Narora Atomic Power
Station were successfully tested and have been sent for
installation at Narora. Acceptance testing of the adjuster
rod drive mechanisms for both the units at Narora was
completed. One of the novel features of the Narora
Atomic Power Station would be the use of liquid poison

shut off system as the secondary reactor shut down
device. The development work needed to finalise the
design of this system was completed. The Fuelling
Machine Test Facility used since 1974 to test all the nine
fuelling machines for RAPS-11, MAPS-I and MAPS-ll was
extensively used fo find solutions to some of the opera-
tional problems encountered in the operating power
stations. Calibration and testing of the first fuelling
machine head for NAPS was started using the newly
commissioned testing facility called Integral Thermal
Facility. The compatibility of the 22 element fuel bundle
with the fuel handling system was evaluated and it was
found that the current 19 rod bundles and the new 22
rod bundles cannot be handled by the same fuelling
machine without changing the separator assembly.

Theoretical and experimental investigations related
to the loss of coolant accident in a PHWR were carried
out A single beam gamma ray densitometer for void
fraction measurement was developed. Experiments to
study thermosyphon flow in a simulated figure of eight
heat transport loop of PHWR were completed. Steady
state data generated were compared with the predictions
of the computer code developed for this purpose. The
agreement was quite good.

Stress analysis of RAPS1 endshield was carried out
taking into consideration the current state of cracking.
Work on the development of coolant channels made of
zirconium-niobium alloy for 235 MWe and 500 MWe
PHWRs was carried out In light of the pressure tube
cracking observed in Canadian PHWRs due to displace-
ment of garter springs, the creep behaviour of coolant
tubes under conditions of displaced garter springs was
investigated, and, in parallel, work was done on the
development of devices for in situ repositioning of garter
springs.

In order to reduce the heavy water escape from
RAPS, some modifications were proposed in the design
of the calandria vault pressure relief system. A detailed
analysis was carried out to study the impact of these
modifications on the calandria vault components. As an
alternative solution, a new design of the blow out panel
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was also worked out Tests were carried out to ascertain
the acceptability of the new design.

As a part of the commissioning of DHRCJVA reactor,
a few modifications to piping system and measurement
of heat generation in top plenum of calandria were
carried out

Work related to the replacement of feed water
spargers at TAPS was completed and a state of readi-
ness to execute this job was maintained. The condition of
the nozzles was analysed from the point of view of
fracture mechanics.

Considerable work is being done to provide the
design and development support needed to finalise the
design of the 500 MWe PHWR. Seismic analysis of the
reactor building was completed. Other components and
systems of the 500 MWe PHWR which were studied in
detail with a view to freezing the preliminary design were
calandria, end shield, reactor vault, coolant header, liquid
poison shut down system, pressurizer and the fuel
handling system. Steady state sub channel analysis also
was carried out for the coolant channel with 37 element
fuel bundles proposed to be used in 500 MWe PHWRs.

Development of fuel handling system for the 500
MWe Prototype Fast Breeder Reactor (PFBR) was taken
up. Conceptual design of some of the subsystems was
completed and work on testing the design with models is
in progress. Thermal deformation behaviour of control
rod drive mechanism of FBTR was analysed in detail.

As a part of a research contract with IAEA, the
potential growth of installed nuclear capacity with
PHWRs working on thorium fuel cycle was investigated.
The feasibility and merits of plutonium recycling in RAPS
in combination with natural uranium, depleted uranium
and thorium were investigated.

One thorium oxide-plutonium oxide fuel cluster is
being irradiated in the CIRCIS pressurised water loop.
Four numbers of modified (7 x 7) fuel for TAPS have
been fabricated by Nuclear Fuel Complex and these will
be loaded in the reactor during the coming refuelling
shut-down.

All themajor components of the 2 MW inpile loop in

Dhruva, meant for the development of 500 MWe reactor
fuel, were installed. Interconnecting piping between various
components was completed and was successfully hydro-
tested. Instrumentation and electrical works are in progress.
For the 150 kW inpile loop meant for irradiation testing
of single fuel pins, all the major components have been
ordered. Inspection of main loop pumps is in progress.

Instrumentation and power supply work needed for
the satisfactory running of all the engineering test
facilities was done. Process instrumentation of all the
systems for the DHRCJVA reactor were commissioned.

6-3 Reactor Analysis

An integrated dynamic model is being developed
for Narora Atomic Power Plant. The model includes
primary heat transport system coupled with the steam
generator. The model will help to find out the control
strategies for the steam generator feed water control.
The logic and analog models of RAPSI primary heat
transport system and boiler have been completed for
incorporation in ihe Nuclear Power Plant Simulator.

The first phase of the development of a comprehen-
sive computer code for the analysis of Loss of Coolant
Accident (LOCA) in Pressurised Heay Water reactors
•.vas completed. Fuel management service for TAPS
regarding reload pattern, cycle length, shutdown margin,
control rod patterns and maximum reactivity at cold
condition was provided. Preliminary physics calculations
for the 500 MWe PHWR design were carried out

Scaling laws were developed for peak ground
acceleration and response spectral values to arrive at site
specific design response spectrum for a seismic design
of nuclear power plant components. Spectrum compati-
ble ground motion was generated for structural analysis.

6-4 Experimental Reactor Physics

Physics parameters of interest were measured at
DHRUVA reactor during commissioning at various low
power levels to determine critical moderator level and
absolute fluxes for power calibration, and for the assess-
ment of heat generation rates. Monitoring system for
startup of NAPS reactor is being made. Surveillance
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techniques by noise analysis were examined to ascertain
tlvar suitability for routine use with on-line processing.
Shielding measurements with laminar model were made
at APSARA. Damage cross sections were determined for
radiation damage assessment Work has been undertaken
for developing suitable irradiation conditions for trans-
mutation doping of silicon for BHEL

6-5 Reactor Control

All the safety, control and monitoring systems of
DHRCJVA reactor were commissioned and made opera-
tional. The automatic power control system of the
reactor to permit safe operation at any desired power
level was put into service. A modern data handling
system with CRT displays to present to the operator
reactor sub-system operational status and alarm infor-
mation on console CRTs, was installed at DHRUVA. Nine
shut-off rod drive systems of DHROVA reactor were
fabricated and commissioned. A sequential control system
for moving samples for irradiation in and out of the
reactor was also made operational.

The 150 kW DC motor drives for primary coolant
pumps, and the 65 kW DC motor drives for secondary
coolant pumps of FBTR were commissioned.

A microprocessor based channel temperature moni-
toring system to monitor the outlet temperatures of 306
coolant channels was installed at the Madras Atomic
Power Station. The system performs reactor protection

functions by computing safety parameters based on
channel temperature data and provides alarm annuncia-
tion on CRT and on the printer. This system provides the
operator with precise information for effective reactor
management.

The development and live testing of mechanical
shut-off rod drive mechanism for NAPP reactor was
completed. Production of shut-off rod assemblies is in
progress. A microprocessor based reactor regulating
system prototype for NAPP was developed and was fully
tested. The system will be used to automatically control
the reactor power from a few watts to 230 Megawatts
level.

The fuelling machine control system for the Integral
Thermal Facility was commissioned and is now capable
of operating in semi-automatic mode using a satellite
microcomputer. Tests for completely automatic
operation of two fuelling machines working in
synchronism are being carried out

6-6 Reactor Operations, Services & Maintenance

The reactors APSARA and CIRUS were operated
safely and efficiently. Irradiation testing of thorium oxide-
plutonium oxide fuel assemblies for thorium utilization in
power reactors, and continued radioisotope production
were the main on-going activities. The newly installed
solid state control systems of APSARA and CIRCJS
accumulated more than one year of trouble free operation.
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7. FUEL CYCLE

7-1 Ore Dressing

The major thrust of the studies carried out centered
on maximising the recovery of uranium from the tailings
of copper plants in Singhbhum and on the feasibility of
employing beneficiation techniques for exploiting low
grade uranium ores. An integrated gravity beneficiation
flow-sheet to substantially improve the existing recovery
of uranium values from tailings of Mosabani, Surda and
Rakha copper plants, in Singhbhum was developed.
Laboratory scale continuous pilot plant tests have given
a recovery factor of more than. 45% from Mosabani
tailings and over 65% from Rakha and Surda tailings.
These recoveries are respectively 100% and 50%
improvements over the performance of existing proce-
dures. Encouraged by the results a pilot plant was setup
at Mosabani plant site and large scale tests (4-6 TPH)
were carried out in association with CICIL, to facilitate
techno-economic decisions on the implementation of
the recommended flow-sheet Experiments were carried
out using the integrated flow-sheet on low grade uranium
ores from Jaduguda, Marwapahar and Turamadih in
Singhbhum. Preliminary results obtained are encouraging.
Considerable work has been carried out on the recovery
of another strategic material tungsten by beneficiation.

Tests carried out on a low: grade wolframite ore from
Degana in Rajasthan containing 0-013% tungsten oxide
has shown that it is possible to increase the concentration
to 10%. Further upgradation to marketable grades can
be attempted by chemical methods. The process will
facilitate extensive exploitation of low grade tungsten
deposit at Degana, Rajasthan. At the request of MVs.
Hindustan Copper Limited, extensive studies have been
conducted on Malanjkhand Copper Ore with a view to
improving the existing copper recovery at the Malanjkhand
Copper Concentrator. Detailed mineralogical and liberation
studies have indicated the presence of a number of
copper minerals, both in sulphide and oxide forms,
which have different flotation characteristics. Studies
have shown that copper recovery exceeding 95% is
possible with some modifications in the existing process.
Fundamental studies in different aspects of mineral
beneficiation and petromineralogy were also carried out

7.2 Uranium Metal Production

The project for the expansion of the uranium metal
plant has been completed with the commissioning of all
the sections of the plant.and uranium metal of nuclear
purity was produced and made available for fabrication
of nuclear fuel for CIRCJS and DHRUVA reactors. After
carrying out development work on the recovery of
uranium from the leach liquors obtained from slag
processing, the process has been applied on plant scale.

7-3 Uranium Fuel Fabrication

The natural uranium fuel fabrication facility fabricated
and supplied to CIRCJS reactor 167 metallic uranium fuel
elements (X-rods), about 3700 X-rod components and 3
cobalt slug J-rod assemblies. For DHRUVA reactor 29
metallic uranium fuel clusters, 3 tray rods, one pneumatic
carrier rod and aluminium shields were supplied. More
than 250 nitrided power reactor components, 1265
zirconium-niobium-copper alloy garter springs and 14
intricate zircaloy guide tubes for mechanical shut-off rods
and one in-core flux mapping tube for NAPP were
fabricated and supplied.

With a view to achieving higher burn-up and to
reduce the number of steps in the fabrication of metallic
uranium fuel, work was carried out to develop hollow
uranium rods by extrusion and rolling, segmented uranium
rods, multimould castings of uranium and X-rods of
adjusted uranium. One cluster made out of adjusted
uranium and another made out of multi-mould casting
of uranium w°re fabricated and supplied to CIRC1S for in-
pile tests. The behaviour of these fuel rods in the pile is
considered to be quite satisfactory.

Development Work

Low temperature sintering of natural uranium oxide
fuel fabrication technology has been developed and 100
kg of (JO2 pellets were produced. Experimental PHWR
bundles will be made for trial irradiation. Preparations
are in progress for fabrication of plate type fuel for the
neutron source reactor at Kalpakkam.

Development work was also continued on full
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length welding of bearing pads and spacers on zircaloy
fuel sheaths for improved performance of PHWR fuel
bundles, clad ballooning experiments and on electropoli-
shing of zircaloy tubes. To minimize pellet-clad interactions
and to improve performance of BWR fuel, development
of zircaloy tubes with an inrier layer of zirconium was also
undertaken.

An engineering scale semi-continuous facility was
set up and successfully operated for the preparation of
500 g per day uranium oxide microspheres by sol-gel
process.

Quality Assurance

Quality surveillance work on fuel bundles, zircaloy
components and core assembly components meant for
PHWRs and BWRs, fuel pins and fuel cluster assemblies
for FBTR, LPRMS for TAPS, SS sheets for HWP etc. were
carried out Against specific requests from other DAE
units and outside agencies, material evaluation, specia-
lised non-destructive tests, heat treatment, machining,
welding, rolling, extrusion and drawing of various
materials were undertaken.

7*4 Plutonium Fuel Fabrication

Mixed Carbide Fuel for FBTR

On standardising various production parameters,
required quantity of the mixed carbide fuel pins for FBTR
was manufactured using all indigenous materials and
then transported to the reactor site at Kalpakkam. This
fuel has a uniqe composition developed for the first time
in the world. It is also the first time in the world that a
mixed carbide fuel manufacture programme of this
magnitude has been succesfully accomplished. Valuable
technical data were collected on the characteristics of
the fuel during the fabrication process.

MOX Fuel

Civil engineering works on the MOX fuel manufac-
turing facility at Tarapur, have been completed except
for finishing works. Work on electrical, ventilation and
other services is in progress as per schedule. The setting
up of plant equipment in glove boxes is in progress.

Post-Irradiation Examination

The post-irradiation examination of the experimen-
tal MOX fuel pin clusters, successfully irradiated in CIRCIS
reactor, was started and useful data were gathered.
Computer predictions of the performance parameters
were also made and experimentally verified. The results
indicate good co-relation.

Several irradiated components received from RAPS
and TAPS were subjected to extensive metallurgical
investigations. Experimental DHRUVA reactor fuel
elements were examined to assess the behaviour of the
fuel elements and for improved design inputs. Useful
data were generated with respect to coolant channel
materials. Under an IAEA research coordinated
programme, impact testing of different pressure vessel
materials, after irradiation at C1RCIS, was carried out to
determine the changes in the nil ductility transition
temperature and other properties. The data generated
matched well with the results of other laboratories in the
world.

7*5 Fuel Reprocessing
The Plutonium Plant at Trombay continued to

reprocess the fuel discharged from the research reactor
CIRCIS. The data on plant performance particularly from
the reprocessing of shorter cooled fuel considered to be
troublesome was collected and analysed for making
further changes in the reprocessing scheme. During the
year the spent fuel storage pond was completely emptied,
the accumulated high active solids were removed, the
pool surfaces washed and recommissioned.

The Power Reactor Fuel Reprocessing Plant at
Tarapur completed the third safeguarded campaign of
reprocessing the spent fuel from RAPP. The performance
was highly satisfactory and product specifications were
met During the maintenance outage that followed, the
cell equipments were decontaminated to bring down the
levels for inservice inspection and effecting certain changes.
An additional ion exchange cycle was introduced with
the necessary interlocks. The spent fuel from MAPP was
transported by rail and received in the fuel storage pond
in the plant The plant operation was restarted.

In the Kalpakkam Reprocessing Plant, construction
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of main and allied buildings, procurement of bulk
materials like stainless steel plates and pipes and major
mechanical and electrical equipments, and fabrication of
certain complex process vessels and components are
making satisfactory progress.

Because of high density of piping in the process
cells and the piping layout itself being quite complex
involving hundreds of interferences, computer-aided design
is used for preparing piping layout drawings. A software
package has been developed for routing of the pipes in
the process cells. A computer aided Management Infor-
mation System (MIS) has also been developed for
monitoring the physical and financial progress of the
project during the execution stage.

Work on the setting up of the Operation Test
Facility (OTF) for process simulation studies and equip-
ment testing has been completed. Experiments have
been started on the determination of pulsing characteri-
stics under dynamic conditions. Mock-up studies were
carried out on the syphon system in the caustic scrubber,
where continuous recirculation is required to be maintained,
to obtain a positive indication of flow and flow rate.
Efforts are being made to use this technique for measu-
rement of flow rates of process streams also. Computer
is extensively used in the design calculations, flowsheet
simulation, analysis of performance of operating plants,
data acquisition, project management etc.

A project proposal has been submitted for setting
up an engineering scale facility for reprocessing
irradiated thorium fuel from CIRGS and DHRCJVA in
order to separate (J-233. The financial sanction is
awaited.

7-6 Radioactive Waste Management
Construction of the Solid Storage Surveillance Facility

(S3F) at Tarapur, meant for interim storage of solidified
high level radioactive waste packages produced in the
Waste Immobilisation Plant (WIP) at Tarapur, has been
completed. Commissioning tests and installation of
process equipment are nearing completion. The facility is
expected to be in operation by the middle of 1986. Hot
Cells associated with S3F meant for product evaluation
and characterisation are expected to be commissioned
by the end of 1987. Design of Waste Immobilisation

Plant already sanctioned by the Atomic Energy
Commission and meant to handle the highly radioactive
waste generated in the expanded Plutonium Plant at
Trombay is at an advanced stage. This plant is estimated
to cost about Rs. 38 crores. Civil engineering works
related to the Waste Management Plant designed for
treatment of radioactive waste generated in the NAPP is
nearing completion. Erection of equipment and piping is
progressing on schedule and the facility is expected to
be commissioned six months prior to the start of power
plant operation. Work on the design of a plant to
augment the facilities for immobilisation of spent ion
exchange resins at Tarapur has been started. Detailed
cost estimates based on a revised design of the Alpha
Waste Management Facility (AWMF) proposed to be
built at Kalpakkam is under preparation. A plant for
regenerating the alkali contained in the effluent from
Zirconium Oxide Plant of Nuclear Fuel Complex at
Hyderabad was installed. Operating experience from this
plant will provide data for designing a larger plant

Facilities for management of radioactive wastes and
chemical effluents at Tarapur, Rajasthan, Trombay, NFC
at Hyderabad, IRE at Alwaye, EC1L at Hyderabad and at
Kaipakkam functioned satisfactorily. Information gathered
from the operation of these facilities is expected to
provide feed back for designing future radioactive and
effluent management facilities.

Various glass compositions with promising chara-
cteristics as a matrix for fixing high level radioactive
waste were identified as a part of continued R & D work.
Investigations are being carried out on the suitability of a
number of materials as chemical barriers in radioactive
waste repositories. As a part of the on-going field
evaluation of deep geological formations for radioactive
waste disposal, an array of bore holes were drilled at a
depth of 1 km in an abandoned mine chamber in order
to conduct thermo-mechanical experiments. Electrical
heaters, thermocouples and other necessary instruments
have been installed for simulating radioactive decay heat,
and for observing the associated thermo-mechanical
effects. The effect of such heaters was simulated using a
computer, and the experimental data will be used to
verify the computer simulation. R & D work related to
decontamination of nuclear facilities was also continued.

58



Publications

HP.H. Padmanabhan, Ch. Rambabu, Pradip and G.V.U. Rao, "Processing of
low grade wolframite ore from Degana, Pajasthan", Int Conf. in Metallurgi-
cal Research: Fundamental and Applied .Aspects, IfT, Kanpur, Feb.,1985.

R.S. Jha, H. Singh, R. Natarajan, U Sridhar, Ch. Rambabu and G.V.U. Rao,
"Investigation on gravity concentration of uranium fines", ibid.

S.K. Shukla, R Matarajan, K.K. Das, R.R. Venkitakrishnan, N.P. Subrahmanyam
and N.K. Rao, "Improving scheelite recovery from gold tailings". National
Seminar on Mineral Processing, NML, Jamshedpur, March, ] 985.

Ch. Rambabu, "Developments in phosphate-rock beneficiation and the

problems with Indian phosphorites", ibid

R. Matarajan, R.S. Jha, K.K. Das, U Sridhar, H. Singh, Ch. Rambabu and N.K.
Rao, "Large scale experiments at BGML (Kolar) on beneficiation of
uranium values from Mosaboni copper tailings". Report submitted to
UCIL, Feb., 1985.

H. Singh, M.P.H. Padmanabhan and N.P. Subrahmanyam, "Laboratory
investigations on improving the recovery of rutile from Chavara sands by
optimising performance of dry mill of IRE, Chavara", Report submitted to
IRE, Meirch,1985.

H. Singh, R.S. Jha, R. Natarajan and N.K. Rao, "Feasibility of improving
uranium recovery from Mosaboni copper tailings by gravity beneficiation",
Report SLJ:... itted to UCIL, May, 1985.

H. Singh, S.K. Shukla, R.S. Jha, R. Natarajan, D. Narasimhan, K.
Sivaramakrishnan, G.E. Prasad and N.K. Rao, "Laboratory investigation
on improving the recovery of cabalt and nickel values in Mosaboni copper
concentrator of Hindustan Copper Limited. Part I. Ore Dressing Studies;
Part II. Petrographic Studies", BARC/R: 4

H. Singh, ]).S. Jha, M. Manmadha Rao, D. Narasimhan, Ch. Rambabu and
N.K. Rao, "Development of Gravity Concentration Process for chromite
recovery from ores of Orissa Mining Corporation", BAROR : 5

H. Singh, R.S. Jha, R. Natarajan, K.K. Das, U. Sridhar, M. Manmadha Rao and
N.K. Rao, "Development of a Gravity Concentration Process for improving
uranium recovery from copper tailings", BAR.CJI-853.

K.K. Das, R. Natarajan, V.H. Bafna, K. Sivaramakrishnan, N.V. Iyer and N.K.
Rao, "A preliminary report on the removal of selenium from the effluents
of selenium plant, NFC", Report submitted to NFC, July, 1985.

S.K. Shukla, N.P.H. Padmanabhan, M. Manmadha Rao, N.P. Subrahmanyam,
R.R. Venkitakrishnan and N.K. Rao, "Beneficiation of low grade wolframite
ore from Degana, Rajasthan", Report submitted to Rajasthan State
Tungsten Development Corporation Limited, Sept,1985.

H. Singh, V.H. Bafna, R. Natarajan, R.S. Jha. 0. Sridhar, Ch. Rambabu and
N.K. Rao, "Uranium recovery by improved gravity concentration process
incorporating Bartles Machines-Bartles Mozley Separator and Bartles
Cross Belt Concentrator", Report submitted to UCIL, Sept, 1985.

K. Raj and MX Samuel, "Modified Pot Glass Process for Vitrification of High
Level Radioactive Waste - Process Engineering Aspects", XIV International
Congress on Glass, Delhi, 2-7 March, 1986.

GA Vaswani and P.B. Jahagirdar, "Formulation and Characterisation of

Borosilicate Glass for immobilising Highly Radioactivity Wastes", ibid.
Satya Brat "Synthetic Mg-AI-Na Silicates in Radioactive Waste Management",

Indian Journal of Technology 23 (1985).
D.S. Deshingker, K.G. Gandhi and S. Ramachandran, "Development of a

cartridge for monitoring of inorganic forms of radioiodine from stack
gases of boiling water reactors", BAROI-864.

PM. Markose, M. Raghavayya and K.C Pillai, 'Reachability of radium from
uranium mil! tailings", J. Water. Air and Soil pollution 26(1985)95-104.

S. Venkataraman, "Uranium and radium-226 in wells around the uranium
complex at Jaduguda", XII Ann. Conf. of IARP, Bombay, March 18-21,
1985.

K.P. Eappen, PJA. Markose and K.C. Pillai, "Fractionation of radionuclides in
acid-leach process of uranium ore", ibid.

G.K. Srivastava, AH. Khan and M. Raghavayya, "Utility of low level radon
detection system", Bull. Rad. ProL 8(2) (1985).

G. Jha and M. Raghavayya, "Calibration of cellulose nitrate film for
measurement of time-integrated concent-ation of radon in air", IV National
Seminar Cum Workshop on SSNTD, Dehra Dun, Nov. 4-6, 1985.

G.K. Srivastava, M. Raghavayya, P. Kotrappa and S. Somasundaram,
"Systemic Radium-226 body burden of uranium mines by measurement
of radon in breath", Health Physics Journal (in press).

AH. Khan and M. Raghavayya, "Annual Report for 1984 of Health Physics
Unit, UCIL, Jaduguda (Bihar)", BAROI-824

R.T. KulKarni, S.S. Pandit A Mukherji and A Ramanujam, "Extractive
Spectrophotometric Determination of Uranium with 1 • (2 • Pyridylazo) • 2
Naphthol (PATH) in Purex Prc ess Streams", DAE Symp. on Radiochem.
and Radiation Chem., CT-24, IIT, Kanpur. December, 1985.

A. Ramanujam. V. Gopalakrishnan, J A Kazi and R.S. Dhami, "Remote
Aliquoting of Highly Radiactive Samples in Purex Process", ibid.. CT-25

T.S. Laxminarayanan, K. Vijayan, A Ramanujam, V. Gopalakrishnan and P.S.
Dhami, "Direct Photometric Monitoring of Uranium (IV) Content in
Electrolyser Stream and Plutonium Content in Plutonium Product Stream
of Purex Process using Mettler Phototrode DP 660", ibid, CT-26.

S.C Tripathi, A Ramanujam, M.N. Nadkarni, K. Annaji Rao and C. Bandyopa-
dhyay, "Chromatographic Assay of Degradation Products of Tributyl Phos-
phate", BARCI272 (1985).

IA Siddiqui, et al., "Process Dynamics Studies in Pulsed Solvent Extraction
Column", Nat Symp. on Solv. Ext, Anna Univ., Madras, 1985.

S.V. Kumar, M.K.T. Nair and V.R. Raman, "Application of Pulsed Solvent
Extraction Columns in Spent Nuclear Fuel Reprocessing", ibid.

R.P. Raju, et al., "Application of Optimisation Techniques in the Design and
Operation of Fuel Reprocessing Plants", Seminar on Fast Reactor Fuel
Cycle, Kalpakkam, Feb. 10-12, 1986.

V.V.S. Mani, R.K. Singh, AD. Moorthy, R.R. Chandrasekhar, U.S. Kolte, P.B.
Gurba and R.K. Babbar, "Field Experience in the Use of Low Burn up
Plutonium as a Spike Tracer in the Estimation of Plutonium in Power
Reactor Fuel Dissolved Solution by IDMS", Mass Spectrometry
Symposium, Regional Research Lab., Hyderabad. September, 1985.

R.K. Singh, A.D. Moorthy, B.R. Chandrasekhar, U.S. Kolte, P.B. Gurba and
R.K. Babbar, "Simultaneous Estimation of Uranium and Plutonium in Fuel
Reprocessing Plant's Input Solution by IDMS'', ibid.

R.K. Singh. A.D. Moorthy,. R.R. Chandrasekhar, U.S. Kolte, P.B. Gurba and
R.K. Babbar, "Natural Uranium as an Alternative Spike Material for the
Determination of Uranium Content in the Spent Fuel Dissolved Solution
by IDMS", ibid.

N. Varadarajan, K. Perumaul, George Thomas and K.K. Gupta, "Methods for
Fast Determination of Plutonium in Purex Process Solutions", DAE
Symposium on Radiochemistry and Radiation Chemistry, IIT, Kanpur,

59



+ A
' .t

December, 1985.
3. Moorthy, R.R. Chandrasekhar, U.S. Kolte, P.B. Gurba. R.K. Babbar and
S.V. {Jdagatti. "Computed Jsotope Dilution Alpha Spectrometry for the
Determination of Plutonium in the Input and Waste Discard Samples of a
Reprocessing Plant (CIDAS)", ibid.

M.K. Rao. S.V Kumar and A.M. Prasad, "Reprocessing of Thermal Reactor
Fuels and the Kalpakkam Reprocessing Plant", Seminar on Fast Reactor
Fuel Cycle, Kalpakkam, Feb. 10-12, 1986.

60



8. HEALTH AND SAFETY

8-1 Health Physics

Detailed radiation surveys were conducted during
commissioniag of Dhruva reactor and Unac facility at
BARC, and MAPP-I1 and FBTR at Kalpakkam. The
radiation exposures in various DAE facilities were
analysed and found to be within the permissible limits.
About 3,000 radiation workers were monitored by whole-
body counting and bioassay and in all cases the internal
exposures were found to be well below the permissible
limit At RAPP and MAPP, internal exposure from tritium
was below that of the previous years. Members of public
from the critical group were also monitored at power
station sites and no significant exposure attributable to
power station operation was detected. Environmental
surveillance at different DAE installations showed, as in
previous years, that there is no significant contribution of
radioactivity due to operations carried out at the site.
Measurements in the surrounding areas upto a distance
of 10 kms showed no increase in background radiation
due to nuclear operations. The accident prevention
programme, which covers all industrial type accidents,
showed that safety standards in BARC were maintained
at a high level as in the past

The programme of measurement of external
background radiation throughout, the country was
completed by taking the measurements at 214 stations
spread over different parts of the country. The natural
background radiation was found to be the lowest in the
basaltic areas as in Maharashtra, and high in the granitic
areas as in Andhra Pradesh and Bihar. In the field of
micrometeorology, study of heavy gas dispersion has
been undertaken in order to assess the potential conse-
quences of releases of heavy gases like hydrogen
sulphide, chlorine, etc. A passive dosimetry system was
developed at the Health Physics Unit at Jaduguda for
assessment of exposure to radon daughter products.

8-2 Radiological Protection

Implementation of radiation safety programme in
about 2500 institutions in India using radiation sources
for application in medicine, agriculture, industry and
research was continued. Personnel monitoring service

was provided to 31,500 radiation workers. A system to
electrochemically etch plastic detector foils was
developed for fast neutron personnel monitoring.
Radiological protection surveys were conducted in 210
medical, research and industrial institutions. Eighty
medical diagnostics, therapy and nuclear medicine
departments, and twenty industrial radiography
installations were given authorisation and approval.
Development of special measuring instruments for
protection monitoring, cancer therapy and dosimetric
research was continued. Dosimeters were supplied to
various institutions using radiation sources. A scanning
densitometer for beam distribution studies in
radiotherapy and a microprocessor based secondary
standard dosimeter for measurement of X-ray and
cobalt-60 beam output were developed. About 70
radiotherapy institutions including a few from Sri Lanka
and Burma participated in an intercomparison study for
checking the output from their machines. Fifteen
nuclear medicine departments using lodine-131
participated in a radioactivity quality assurance pro-
gramme. BARC maintains primary dosimetry and radio-
activity standards and calibrated several types of instru-
ments referred to it from various institutions in the
country. It is currently associated with a scheme initiated
by the Department of Science & Technology to evolve a
National Measurement System in order to promote uni-
formity and improve accuracy of measurements.

Countrywide environmental monitoring for natural
and fall-out radionuclides was continued. Characteristics
of radiolytic aerosols were studied for evaluating radio-
nuclide inhalation dose to workers in uranium mines.
Two new programmes on indoor radiation environment
study and monitoring of non-ionising radiations were
initiated during the year.

Samples, fly-ash, coal and slag around a thermal
power plant were assessed for their natural radioactivity
content The know-how for plutonium-in-air monitor was
developed. A microprocessor based mulHpollutant air
monitor station was installed in Bombay for routine
monitoring. This sytem automatically monitors and
records important gaseous products like oxides of
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nitrogen and sulphur, ozone and carbon monoxide. The
know-how of several instruments and systems developed
was transferred to ECIL and other establishments for
large scale production.

8-3 Radiobiology and Occupational Health

The technique of flow cytometry was employed for
the evaluation of testicular biopsies in male infertility
studies. The studies indicate that flowcytometric analysis
provides more rapid quantitative analysis of the speci-
men as compared to conventional cytological examina-
tions. Further, the technique also facilitated detection of
karyotypical abnormalities in spermatozoa in some of
the specimens.

Studies on alloantigen expression in syngenic
tumours gave some new results. Cell culture facility was
established for maintenance and cryopreservation of
some important cell lines. Antilymphocytic sera (ALS)
with selective immunosuppressive action elicit interest
because of their potential clinical application. A new ALS
that can prolong allograft survival in mice was prepared.
Gamma radiation has been shown to induce suppression
of delayed hypersensitivity. The degree of suppression
was found to depend on the magnitude of the dose and
time of 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 number of effector cells are developed. The effector
function of these cells, however, is found to be impaired
by radiation.

Cytogenetic monitoring of newborn infants has
been undertaken to study the incidence of constitutional
chromosomal anomalies and its time trend progression.
Two hundred and sixty cord blood samples from 140
male and 120 female infants have been screened so far.

The frequency of chromosomal aberrations in
peripheral blood lymphocytes has been shown to be a
reliable parameter to estimate equivalent whole body
exposure dose in accidental exposures or suspected
over-exposures to radiation. Such studies were carried
out in 44 cases belonging to industrial and medical
applications of radiation and to nuclear industry. The
studies indicate low incidence of exposure of all the
persons.

8-4 Monazite Survey Project

This project is concerned with the evaluation of the
detrimental effects of the relatively high natural back-
ground radiation on human populations residing in the
monazite bearing areas of Kerala. The results obtained
so far do not indicate any adverse consequences. The
work is being continued.
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9. ELECTRONICS & INSTRUMENTATION

9-1 Electronics

A multi-bus compatible, Intel 8086 based computer
with 512 K bytes memory was developed and coupled to
Norsk Data computer ND-560 for development of Intel-
8086 based programs using cross assembler on ND. A
file transfer utility was developed for 8086 to download
object code from ND to 8086 computer and transfer
back the debugged object file. A 16-bit Micro Computer
System with 2 Floppy disk drives and with CP/M 86
operating system was developed for software
development Control, Process and Health
instrumentation required for DHRUVA were
commissioned. This is the first time that Campbell based
control channels are used in closed loop to control the
power of a reactor. Instruments were designed to
withstand environmental as well as seismic tests. Notable
feature of these instruments is the use of
microprocessors to reduce hardware but to increase the
processing power of instruments.

A gamma ray level detector system was installed at
Uranium Metal Plant for monitoring the progress of
reduction of uranium fluoride to uranium metal using
magnesium. A shut down area monitor was successfully
tested for seismic conditions and was approved by
Nuclear Power Board for production.

Development work on Fuel Rod Scanning System,
Gamma Camera, and Ultrasonic Imaging Systems is
nearing completion. Camac and fast bus
instrumentation and multiprocessor based Data
Acquisition System are under development

Expertise developed in microprocessor based instru-
mentation techniques is being applied to the development
of impedance cardiograph, real time ultrasonic image
processing system and other medical instruments.

9-2 Instrumentation

Work related to the development and production of
vacuum devices, various mass spectrometers, surface
analytical instruments, electronic instruments, crystals,
detectors and devices for the nuclear programme was
continued. Besides, expertise in the field of vacuum and
cryogenics was made available to the Indian Space and
Defence organizations.

An apparatus for monitoring hydrogen concen-
tration in sodium was successfully developed for FBTR,
Kalpakkam. An ultra high vacuum outgassing system
was set up for assessing the vacuum capability of
materials for use in accelerators and in fusion research.

A large ultra high vacuum chamber of 450 litres
volume at 1 x 10 ~9 Torr, and a large high vacuum
system of 20 m3 volume at 10"2 Torr were designed for
a gravitation experiment being conducted by TIFR. A
thermovac chamber 3m diameter and 3-5 long was
designed for Space Application Centre, Ahmedabad for
testing optical payloads (cameras, etc) of the Indian
Remote Sensing Satellite (IRS) and the Communication
Satellite (INSATII). A high altitude chamber, 4m diameter
and 10m long, was designed for DRDL, Hyderabad for
testing defence payloads.

Semiconductor Nuclear Radiation Detectors

Testing Set up for Germanium Detectors
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Testing Set up for Silicon Surface Barrier Detectors

Automatic microprocessor based sample inlet
systems are being installed with mass spectrometers for
continuous on-line, isotopic ratio measurements on
gaseous samples of nuclear materials. A quadrupole
mass spectrometer was developed for reactor cover gas
analysis. A microprocessor based signal averager for
biomedical applications and a programmable stepper
motor speed controller and sequencer for crystal puller
were developed.

For infrared detectors, special crystals of lead
germanate, triglycine sulphate and mercury cadmium
telluride, and for laser application, lithium niobate and
potassium dihydrogen phosphate crystals were grown
and characterized. A special crystal puller for the growth
of the laser crystal YAG : Nd is being installed. Produc-
tion of optical windows and semiconductor detectors
was continued.

A special Geiger Muller tube was developed for
ONGC for a fluid density measurement instrument which
is used in oil well logging. Regular production of high
power xenon flash lamps for lasers, glass to metal seals
for canned motors, level sensors for heavy water
projects and hollow cathode lamps for atomic absorp-
tion spectrophotometry was continued.

9-3 Computer Based Instrumentation

Laboratory Automation

Work has been undertaken for the development of
multichannel analyser logic which will be of use in both
single and multiparameter experiments. The entire hard-
ware logic for a 4K time analyser has been completed.
Using two low cost microcomputers, a Data Acquisition
System for Laser Raman Spectrometry has been
designed for automatic control of a Laser Raman
spectrometer. A printer/plotter peripheral has been
integrated with a Mass Spectrometer. Using 8085 micro-
processors Digital Averager with V/F converter has been
developed. There is considerable demand for this unit A
microprocessor ' ' data acquisition system for
Mossbauer Spectr w • has been developed. A Pola-
rised Meutron Spev , neter Control System was deve-
loped and implemented on the spectrometer that was
supplied to the Korea Advanced Energy Research
Institute, Korea (KAERI). The system is reported to be
functioning very satisfactorily.

Communication Systems

Based on the feedback received from the techno-
logy transfer effort, various new features have been
added to the microprocessor based PABX. The video
digitiser developed earlier has been interfaced with the
Norsk Data computers as an image input device. It is
now possible to transfer entire image from the digitiser to
ND or from ND to the digitiser, and to transfer a part of
an image from ND to the digitiser. Software has been
developed to create a picture bank and link it with the
Personnel Data Base so as to display photograph of a
person on the graphic display terminal by keying in the
name or computer code number.

9-4 Control Engineering

The control system of the 2-3 metre telescope of the
Indian Institute of Astrophysics at Kavalur was commi-
ssioned. The control system is capable of acquiring and
tracking accurately any selected star, planet or any other
astronomical object in the sky. Since November 1985
this telescope has been successfully used to track and
photograph Halley's Comet
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About one hundred canned motors of 3-75 KW
capacity were fabricated and despatched to Heavy Water
Projects. Two of these motors are installed in Tuticorin
Heavy Water Plant These motors have stainless steel
canned stators and rotors with special glass to metal
seals for power supply connections. These have been
tested continuously for one and a half years in corrosive
potassium amide and liquid ammonia at a high pressure
of 650 bars.

A microprocessor based image analysis system for
quantitative metallography was fabricated and commi-
ssioned at the Radiometallurgical Laboratories at IQCAR.
In this system a solid state charge coupled device
camera views the sample or micro-graph and the
information is digitized and stored in memory. The
analysis is carried out for computation of geometrical
parameters and the formatted results are printed out

A five hundred counts per revolution optical shaft
encoder was developed for sensing precision robot arm
position movements.

A microprocessor based control system for the
positioning and display of rotory and linear motions of
Electron Beam Welding Machine was designed and
fabricated. The system employs AC servomotors for the
drive system and incremental encoders for accurate
positioning. The controller provides automatic welding
sequence for the pulse track welding of tubular parts.

Electrical and mechanical design of automatic
resistance welding machine for welding end caps for
special materials was completed. Mechanical fixtures
were fabricated and the testing of electrical circuits is in
progress.

The installation and commissioning of a two phase
chopper of 1500 kW rating at 1500 volts for the motor
coach of an Electrical Multiple Unit was completed and
field trials were carried out The regenerative braking
system is found to save energy to the tune of 20 percent
compared to that of conventional rheostatic controlled
coaches. These successful prototype trials could lead to
the conversion of all motor coaches in the suburban
section of Western and Central Railways resulting in the
saving of 100 million units of electrical energy every year.

The installation of the giant 300 tonne moving
magnet at the pilot plant in Trichy was completed. The
magnet power supply having a rating of 3000 Amps,
1 -6 MVA was commissioned and the magnet was energized

Castor oil filled, polyestor dielectric film capacitors
of 50 micro farad, 7 kV rating were developed and
tested. The design of 100 micro-farad, 5 kV rating
capacitor has been completed. These capacitors find
applications in Laser and Fusion programmes of DAE.

An electronic telecryptor which permits safe trans-
mission of special coded messages through telex lines
was developed and commissioned. A two key electronic
combination lock was developed, which can be opened
by operators after entering proper codes in a pre-
determined sequence in a specified time interval. An
integrated security alarm reporting system was developed

and commissioned around Radiological Laboratories at
Trombay in October, 1985. The system uses signals
from micro-wave and infra-red intrusion detectors placed
at strategic locations in Radiological Laboratories.

An ingenious scheme for the allotment of short and
unique identifying code to every person in the country
was prepared aftpr reviewing the numbering systems of
many countries. The plan is based on the concept of six
digit phonetic code numbers of radix 128 which can be
written in any Indian script

9-5 Computer Research

Making use of the INIS output magnetic tapes
obtained from IAEA, a CODASYL based DBMS called
S1BAS available on ND system has been used for
developing the information retrieval system. Using this
system it is possible for a user to perform a search on
any of the several access points such as, author, title,
subject category and descriptors. Plot 10 IGL V24
supporting colour graphics has been implemented, for
study of engineering structures, 3D distributions, image
analysis etc. A Window Annunciator Logger (WAL) for
RAPP-ll has been delivered and has been functioning
very satisfactorily. Status changes in 640 inputs are
indicated which are in parallel with the existing window
annunciator system. Hard copy print out generated by
WAL are very useful for operational diagnostics. Similar

71



units are required for RAPP-1 and MAPP.

A system has been designed and fabricated for
quality surveillance programme for the purpose of non-
destructive testing of cylindrical tubes using eddy current
measurements. The material defects along with the
relative positions can be pin-pointed with the help of this
system,

Software Development

Design and development of a software package on
ND computer has been taken up for Tata Memorial
Centre in order to provide facilities for online storage and
retrieval of medical information for patient care, medical
research, statistical analysis, etc. It will also include facility
for scheduling and management of various hospital
activities. A patient Monitoring System for critical care
unit with menu driven programmes, data base package
for storing and retrieval of patient information and for
display of various paramaters in graphic form has also
been developed.

Personal computers have been used for computer
animation. A package has been developed for dynamic
presentation of slides explaining topics relating to the
various technical activites of BARC.

A two dimensional drafting package useful in
engineering applications, and colour graphics have been
implemented A link has beeen provided between ND
computer and VG 3400 3D graphics system. This
permits display of graphics image on high resolution VG
3400 system.

9-6 MHD Generation

The MHD Research Project sponsored by the
Department of Non-Conventional Energy Sources is
being jointly executed by Bhabha Atomic Research
Centre, Bombay and Bharat Heavy Electricals Limited,
Tiruchirapalli. This includes the creation of a suitable
base for research and development work in the field of
MHD power generation and setting up of an experimental
plant at Tiruchirapalli at a thermal power level of 5 MW.
BARC has developed most of the key components of the
facility including the MHD generator, 300 tonne electro-
magnet, special plasma diagnostic equipment, high

temperature ceramic materials and control and instru-
mentation system for the experimental plant The plasma
generation experiments were carried out during March
1985, yielding MHD grade plasmas at a temperature of
2700 K and an electrical conductivity of 5 mho/m.
Following the plasma generation run, the first successful
power run of the plant with cold oxidizer using 60%
oxygen enrichment was accomplished during August
1985. The power mode operation lasted for about 2
hours. The successful testing of the facility demonstrated
that the Indian MHD facility operated as an integrated
unit and substantiated the physical concepts, computer
codes, design features and special processing techniques.
It also established the suitability of the materials used in
the development of MHD plants.

9-7 Pulse Power & Particle Beams Technology

Pulse power techniques and particle beams have
potential applications in materials research, fusion
research, defence and industry. The 1 kJ pulse power
system for relativistic electron beams (REB-1000) based
on deionised water, assembled during the last year, was
satisfactorily tested at 150 kV and 15 kA. Further tests to
operate at full ratings are in progress. The spark gaps
and trigger circuits of the 100 kJ capacitor bank are
being modified to improve its performance. Fabrication
oi a 5 kJ, 1MV pulse power system is in progress. To
facilitate measurement of low level diagnostic signals in
the presence of high electromagnetic impulse produced
by the pulse power systems, an electromagnetic shielded
enclosure with overall dimensions of 6 m x 3-7 m x 2-2
m was produced and installed. The REB-200 system built
earlier was modified with an all-metal interaction chamber
and a 40 cm diameter magnet coil for mirror magnetic
field. Diagnostic instruments were incorporated for mea-
suring plasma temperature, plasma density and beam
energy loss. A 35 GHz microwave interferometer for
electron density measurements on this system was
assembled and preliminary tests of the interferometer
are in progress using a plasma gun.

REB transport calculations were carried out for a 1
MeV, 15 kA, 30 ns beam in giving optimised maximum
tranport of 85% at 0-1 Torr in argon and 0-5 Torr in

72



hydrogen. A practical application of mayneto-implosive
effects of high pulsed magnetic fields is repositioning of
garter springs located in the annular space between the
pressure tube and the calendria tube of PHWRs. With the
25 kJ capacitor bank, a displacement of 25 mm was
obtained per discharge shot in a simulated set-up. Based
on these studies a scaled-up system is being designed.

Electron beam is a highly energy efficient heat
source for metallurgical applications such as melting,
welding and evaporation, and is almost indispensible
when working with highly reactive and high temperature

materials required in nuclear and aerospace industry.
Two of electron beam systems rated at 150 kV, 6 kW
beam power are being built for Electron Beam Welding
Machines for special applications. An electron beam
melting furnace with 80 kW power is being built for
melting of hafnium and niobium. An electron beam
evaporation system of 20 kW power and mean applica-
tions is being designed. The electron beam welding
machine developed and built earlier was used to do
some of the special̂  jobs within DAE and for the
Departments of Space and Defence.
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10. TECHNICAL SERVICES

10-1 Civil Engineering

The Civil Engineering Group of BARC is respon-
sible for design and construction of all works related to
BARC activities at Trombay, Vashi (New Bombay),
Tarapur, Srinagar and Cauribidanur. During this year
construction and maintenance work totalling to
Rs. 9' 12 crores were carried out This included comple-
tion of two engineering laboratories and an office
building. Several projects at Trombay are at various st-
ages of implementation. At Vashi, Labelled Compounds
Laboratory is nearing completion and work on admini-
strative and common service facilities has been started.
At Tarapur construction of Solid Storage Surveillance
Facility (S3F) costing Rs. 6-36 crores has been
completed. Other plant works and residential quarters
costing Rs. 2-44 crores have also been completed at
Tarapur. Construction of additional residential quarters
at Tarapur at a cost of Rs. 109-00 lakhs and Waste
Disposal Facility and physical protection measures
costing Rs. 92-00 lakhs is at various stages of progress.
At Srinagar, civil engineering works for extension of
workshop, stores, computer facility and residential
quarters at a total cost of Rs. 53-00 lakhs have been
completed. The Architectural Section of Civil Engineering
Group continued to render architectural services not
only to all the projects undertaken by BARC, but also to
other units of DAE and to some of the outside agencies
like the Department of Electronics and the Department
of Science and Technology.

10*2 Electrical & Mechanical Services

Operation and maintenance of all the electrical
installations, pneumatic, hydraulic and vacuum systems,
cranes and airconditioning equipment was carried out
Electrical and mechanical services for six projects at
Trombay, Tarapur and Srinagar was completed.

10.3 Central Workshops

Central Workshops of BARC continued the work
on design, development and fabrication of special
components and equipment required for the various
units of DAE. The total cost of the components and

equipment made during this year would be about Rs. 5
crores. Some of the important jobs carried out by CWS
are the following : design and development of six axes
multipurpose robot of 50 kg capacity; design and
fabrication of a Triple Axis Neutron Spectrometer with
rotating monochrometer drum which provides shielding
at all angular positions with the help of moving wedges;
design and fabrication of a vertical honing machine
which can be used for honing of large size components
of power reactor fuelling machine head; a spent fuel
chopper assembly consisting of fuel feed system, shear
system, distributor system and associated drives, and
high pressure high capacity hydraulic cylinders for use
in power reactor fuel reprocessing plants. Some of the
important jobs which are nearing completion are the
design and fabrication of work handling unit for electron
beam welding machines, manufacture of fuelling machine
heads, end-fittings and linear tubes for the KAPP,
neutron radiography rig for IGCAR, Kalpakkam, ionisation
and scattering chamber for MEH1A Project Develop-
ment of different types of spectrometers for basic
research is in progress.

Robot Developed at Trombay

Remote Handling & Robotics

Robotics and remote handling devices play an
important role in handling radioactive materials and
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components. In order to minimise exposure of operators
to radiation, a variety of servo manipulators, remote
viewing TV systems and automatic handling devices
are btl.'.g developed. A prototype five-axis articulated
robot was designed, manufactured and tested. This
type of robot will be useful in low activity hot cells and
glove boxes employed in the production of plutonium
and uranium-233 contained fuel. Work has been
intitiated on the development of a completely indigen-
ous mobile robot which could move around under
radio control and perform operations required in
reactor maintenance, decontamination and decommi-
ssioning of nuclear facilities.

10-4 Computer Centre

The network of Norsk Data super mini computers
with a large number of terminals distributed in the
various laboratories continued to provide the basic
computational support to the scientists and engineers
in BARC. Besides prime usage for scientific computing,
these machines are also being extensively used for
applications in the field of computer graphics, database
management and information processing. Several new
features have been added to the iSD operating system,
such as facility for deferred spooling, command modi-
fications, users dialogue facility, implementation of
MAG library V-11 on ND systems, and Fortran library
modification using array processor.

10«5 Technical Information

BARC Library has now nearly 730,000 documents
including about 76,000 books, 54,000 bound volumes
of periodicals, 19,300 patents and standards and more
than 580,000 technical reports. More than 1,800 scientific
and technical journals are received in the Library, the
majority of which are received on subscription and the
remaining ones either on exchange basis or free of
cost. During this year some of the activities of the
Library were computerised making use of the PRIME-
450 computer installed in the Library & Information
Services premises. Necessary software was developed
on the ND 570 computer at the BARC Computer
Centre so that the INIS output tape received from IAEA

could be processed at Trombay for dissemination of
bibliographic information on selected topics which are
of interest to individual BARC scientists. Work on
creating a database related to the catalogue of books in
the BARC Library is progressing. Books circulation has
already been computerised. India's participation in the
International Nuclear Information System (INIS) at
Vienna was continued. During this year about 600
technical and scientific titles published in India were
added to the INIS database.

During this year about 100 technical publications
were brought out, of which 90 were technical reports
and rest were proceedings of symposia and seminars.

10-6 Translation

Translations were done from French, German,
Italian, Japanese and Russian languages at the request
of scientists and engineers of BARC and other consti-
tuent units of DAE. Copies of the translations were
deposited in the National Science Library, New Delhi
for the National Data Bank of Translations. Interpreta-
tion service in foreign languages was also provided on
many occasions.

10-7 Landscaping

Landscaping was done on about 39,000 m2 area
in Trombay, Anushaktinagar and Tarapur. Rejuvena-
tion of about 3,800 m2 garden in Trombay was also
carried out About 350,000 saplings of various types
were planted and about 150 kg seeds of different types
of trees were sown on Trombay Hills for afforestation
purposes. About 2,4000 trees were planted at the
Centre for Advanced Technology, Indore.

10-8 Contributory Health Service

The scheme at present covers 62,600
beneficiaries. BARC Hospital and zonal dispensaries
continued to extend diagnostic and therapeutic
facilities to the beneficiaries. At present the BARC
Hospital has 160 beds.

Active family welfare programme was continued.
The Social Service Section continued to render
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assistance to the beneficiaries and more than 14,500
cases were given counselling. The Trombay
Dispensary continued its Occupational Health Activities
and the Accident Prevention Programme.

An intensive cardiac care unit with 8 beds was
commissioned in the BARC Hospital on 24th June,
1985. This unit has equipment for monitoring by
telemetry, resuscitation, and pacing. Supportive investi-
gative facilities such as Stress Test and 2 DE are being
fuly utilized.

10-9 Radiation Medicine Service

Radiation Medicine Centre continued to provide
clinical nuclear medicine facilities to all cases referred
to it from many parts of India. A number of investi-
gations like scintigraphic imaging of thyroid, brain,

bone, kidney, heart, gall bladder, lungs, liver, etc. are
performed every day. A large number of in vitro
radioimmunoassay (RIA) are also done. Altogether
approximately 22,000 investigations were done during
this year. This year there was considerable increase in
the number of nuclear cardiology studies like
myocardial imaging and ejection fraction studies. The
ultrasonic scanner played an important role in the
complementary assessment of thyroid diseases, liver,
kidney, pelvic and abdominal masses. The usefulness
of this method in pediatric cerebral abnormalities is
undoubtedly one of the major investigative measures in
children. Radioiodine therapy for thyroid cancer and
hyper- thyroidism was carried out During this year
5,700 patients came for follow up in the thyroid clinic.
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11. TECHNOLOGY TRANSFER

The Bhabha Atomic Research Centre is a task
oriented research centre with the primary objective of
providing back-up to the Indian nuclear programme
and production and utilisation of radioisotopes and
radiation. As primary inputs to the nuclear programme,
technologies like electronics and materials were
developed. Because of the exigencies of sophistication
and time schedules, the productionisation also had to
be undertaken by the Department of Atomic Energy by
setting up units like ECIL and NFC. This facilitated
efficient transfer of knowledge. The range of products
varied from relatively simple devices like GM counters
to control systems for reactors in electronics and
special materials like zirconium and niobium to nuclear
fuel materials like uranium oxide. In the context of
continuous updating of these technologies, the wide R
& D base at BARC has provided the necessary back-up
to these production activities. In addition, it has also
made it possible to extend it in the direction of newer
technologies like fast breeder reactors, special fuel and
other materials required for them and the engineering
back-up. Monitoring of the quality and efficiency of
technology generation and delivery is inlaid in the
system by movement of personnel between R & D and
production units and a very close interaction between
them.

However, BARC's activities interface with many
areas, a few examples of which are the following :

Industry

There has been a very close interaction with
engineering and fabrication industry for some of the
crucial components like fuelling machines, large calan-
drias, heat exchangers, etc. This has led to a strong
capability in the Indian Industry for undertaking fabri-
cation of very sophisticated jobs with extremely rigid
specification. While this is not technology transfer in the
conventional sense, it may be difficult to find a better
example of quality technology generation and delivery
to the Industry.

Another successful method of technology transfer
which was adopted by BARC is demonstrated in the
case of BARC-IBP collaboration. Vacuum Technology

which was again a vital input to the nuclear programme
was developed and transferred to IBP. This was done
along with knowhow and personnel. Then the process
of weaning was initiated in this strong interaction and
today IBP is in a position to be on its own, with its own
expertise and ability to meet many of the sophisticated
requirements for large systems in the country. BARC is
no more obliged to support it by showing preference for
its products. However, there are some high technology
products which BARC has had to undertake at
production level. Beryllium, for instance, is required in
the Indian space programme and by electronics
industry as Be-Cu alloy. This technology was developed
and the production plant has also had to be set up by
BARC. Similarly superconducting materials and wire
drawing technology have been developed and this will
have to be undertaken at BARC. The expertise in
extractive metallurgy has been used for developing a
flowsheet and setting up a 2 tonne/year tin production
plant at Raipur. This technology is being transferred to
the Madhya Pradesh Government but a continuing
collaboration would be required.

Many of the industrial activities like use of radio-
tracers in hydrology and desilting operations, radio-
isotopes for radiography, level gauging in large tanks
etc. cannot, at the present stage, be transferred in the
conventional sense. Hence BARC has to take these up
along with an extensive effort for user education.

Since a very wide R & D base has had to be
developed for meeting the primary objectives, an effort
has, in the last couple of years, been made to reorient/
modify processes and instruments worked upon for the
nuclear power programme and make them useful for
industry. Over 200 of such items have been listed in two
volumes of booklets which have been widely circulated
to industrial organisations, State Industrial Development
Corporations, Industrial Association.;, etc. free of cost
In the last couple of years, 13 technologies have been
transferred, 17 technologies are ready for transfer and
35 technologies are under various stages of evaluation.
All these items are a step ahead of the technologies
being presently used by the Industry and a special effort
is made to help the industry to overcome any initial
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problems in manufacturing by an uninhibited interaction
•with scientists directly involved in the development of
the instrument/technology.

Agriculture

Mutation breeding has been researched at BARC
for over a decade now and 49 varieties of pulses/grains
etc. have been identified with superior properties. Six
of these have already undeu ne the various steps
involved in field trials and upgrading the scale of testing
and have been released by the Seed Corporation for
commercial use. Several others are at various stages
testing. This is a fine example of high quality agri-
cultural research delivering direct commercial benefit
to the country. In addition to other qualities like disease
resistance etc. these varieties have a 15 to 20% higher
yield. Considering the present prices and the fact that
15,000 hectares are already under cultivation of these
varieties, the financial benefit is now in terms of
crores of rupees. The seed multiplication for distri-
bution every year is very substantial and hence these
gains will increase rapidly.

Health

In this field, while developments like bilirubin strips
for early detection of jaundice will facilitate medical
work, specially in rural areas where trained manpower
is scarce, technologies developed in BARC are such
that they are not presently amenable to conventional
transfer to the industry.

The sterilisation of medical products is a very apt
example. As the industry is not able to take up
sterilisation plants yet BARC has set it up for the users.
Similarly production of radio-pharmaceuticals has
been taKen up by BARC but the health sector utilises
them. Use of radiations and radioisotopes developed at
BARC is being put to practice by the Radiation Medicine
Centre. BARC supplies 50,000 consignments of
different isotopes to 1400 institutions. RadiophaTna-
ceuticals are being produced for use by over 500,000
patients. The impact of these technlogies on the health
sector are very far reaching.
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12. HCIMAN RESOURCES
DEVELOPMENT

One hundred and ninety scientists and engineers
who successfully completed the 28th course of Training
School were absorbed in August, 1985 in various units
of DAE. Currently 243 scientists and engineers are
undergoing training in the 29th course. The training
programme was suitably modified so that the require-
ments of units like CAT, Indore, envisaged expansion of
Power Projects and Heavy Water Projects also could be
met Steps have been initiated to train candidates
specifically for O & M of fast reactors, and in subjects
like Accelerator Physics, Fusion Physics, Microprocessor
System Development, Robotics, etc. Short term
courses on "Microprocessors" and "Computers" were
run for the BARC personnel.

At the request of IAEA, an inter-regional training
course on radiation protection was conducted at
Trombay during December 1984 to May 1985 in which
12 trainees from foreign countries participated.

Training courses were counducted to meet the
man-power requirement of medical physicists and
radiological safety officers. Short-term courses were
also conducted on safely aspects associated with industrial
radiography, erection and maintenance of nucleonic
gauges, research applications of radioisotopes, etc.

Two training courses in RIA techniques were
offered to medical and paramedical personnel from the
leading hospitals in the country. Scientists from Isotope
Group participated in the training course conducted
by the IAEA for RIA and hospital pharmacy.

Onder the Faculty Improvement Programme of
the CIGC three lecturers are carrying out research in
BARC. Cinder varous schemes, 4 scientists from Syria,
3 scientists from the Philippines and one each from
Bangladesh, Vietnam and Iran were trained in BARC.
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13. GENERAL

About 7,000 persons including Heads of States,
Ministers, Parliamentarians, Diplomats, Defence Perso-
nnel and Visiting Scientists visited BARC. On an average,
one Trombay Colloquium was held every month.

About 100 scheduled castes and.scheduled tribes
candidates were recruited to various posts in BARC.
During this year 35 staff members passed Hindi exami-
nation and 17 staff members appeared for Hindi typing
examination. A Hindi Workshop was organised for
senior administrative officers and a seminar on future

directions of Indian Science was organised in Hindi in
which a number of eminent national scientists partici-
pated.

The Benevelent Fund set up in 1963 has now
more than 3,000 members and disbursed about
Rs. 30,000 during this year. Besides, a Family Relief
Scheme is also in force by which all the members make
a one-time contribution towards financial assistance to
the family of any member who dies.
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14. CENTRE FOR ADVANCED
TECHNOLOGY, INDORE

Work on setting up the Centre for Advanced
Technology is in the first phase. Effort is concentrated
on accelerator and laser development programmes. A
few scientific officers and technical staff have moved to
Indore to cany out development programmes. A
laboratory space of about 3,225 m2 has been kept ready
during this year. Two workshops of 3,720 m2 area are
under construction. A housing complex of 90
tenements are ready for occupation.

The design details of a weak focussing 450 MeV
Synchrotron Radiation Source was completed using
the facilities at BARC. Fabrication drawings of some of
the major components such as dipoles, radiofrequency
cavities and vacuum chamber are under preparation.
This Synchrotron Radiation Source (SRS) will have the
critical wave length of 61 A at 100 mA current and will

give a flux of 4-8 * 10" photon per second per milli ra-
dian in the band width of 0-5%. The life time will be of
several hours. This machine is expected to be powerful
vacuum ultra violet source for spectroscopy studies
and for carrying out work in the fields of photo
disorption and photo dissociation.

The two laser programmes to be undertaken at
CAT initially are development of copper vapour laser
(CVL) and development of transverse flow high power
carbon dioxide (CO2) laser. Some work in these areas
has been already initiated at BARC. A 10 watt CVL has
been developed. The laser operates at 5 kHz and gives
a peak power of 100 kWt in 20 nsec pulses. Basic
design of the CO2 laser has been completed. The laser
will be modular in construction with each module of 2
kW power.
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