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PREFACE

The major thrust in the scientific pursuits at BARC is

towards providing R&D support to the Country's nuclear power

programme in all its aspects which includes the design of nuclear

reactors, development of nuclear fuel and materials and

management of nuclear waste, producing radioisotopes and

promoting their peaceful applications, and providing R&D and

service backup to ensure health and safety against radiation

hazards in all our nuclear installations. Over the years BARC

has generated a vast and dynamic multidisciplinary research

facilities in nuclear sciences and technology and achieved

indigenous knowhow in the full nuclear fuel cycle. BARC has also

developed a strong base for fundamental and applied research in

the frontier areas of science like plasma and fusion physics,

accelerators and lasers, high temperature superconductivity,

condensed matter physics, high pressure physics, high resolution

spectroscopy, chemical reaction dynamics and laser induced

chemistry, electronics and robotics, radiation biology and genetic

engineering. These have resulted in technological spin-offs which

are continually being transferred to industry.

The Annual Report gives a brief account of these

activities. For detailed information, the reader may refer to the

Annual Reports of the various Divisions of this Centre.

R. Chidambaram

Director



CONTENTS

1. PHYSICAL SCIENCES

1.1 Nuclear Physics 1
1.2 Accelerator Programme 3
1.3 Reactor Physics 3
1.4 Fusion (High Temperature) Research 5
1.5 Condensed Matter Physics 5
1.6 Theoretical Physics 6
1.7 Laser and Specfoscopy 7
1.8 Computer Software 9
1.9 Seismology 11
1.10 Nuclear Research Laboratory, Srinagar

and High Altitude Research Laboratory, Gulmarg 11
1.11 Plasma Physics 12
1.12 Variable Energy Cyclotron Centre 12
/. 13 Magnetohydrodynamics 13
1.14 Pulse Power and Particle Beam Technology 13
1.15 Electron Beam Technology 13
1.16 Industrial Design 14
1.17 Superconductors 14
1.18 Cold Fusion 15

Publications 16

2. CHEMICAL SCIENCES

2.1 Basic Chemistry 25
2.2 Applied Chemistiv 26
2.3 Fuel Chemistry 27
2.4 Radiochemistry 29
2.5 Analytical Chemistry 30

Publications 32

3. MATERIALS & MATERIALS SCIENCE

3.1 Heavy Water 46
3.2 Rare Earths and Other Materials 46
3.3 Metallurgy 47
3.4 Materials Science 49
3.5 Desalination and Hydrogen Production 50
3.6 Beryllium Technology 51

Publications 52



4. RADIOISOTOPES

4.1 Radioisotope production 56
4.2 Radiochemicals 56
4.3 Radiopharmaceuticals 56
4.4 Tracer Applications in Industry and Hydrology 57
4.5 Radiation Technology 58

Publications 60

5. REACTORS

5.1 Reactor Engineering 62
5.2 Reactor Analysis 65
5.3 Experimental Reactor Physics , 65
5.4 Reactor Control 66
5.5 Reactor Operations, Sen'ices and Maintenance 68

Publications 71

6. FUEL CYCLE

6.1 Ore Dressing 76
6.2 Uranium Fuel Fabriation 76
6.3 Quality Assurance 77
6.4 Plutonium and 233U Fuel Fabrication 77
6.5 Post Irradiation Examination 78
6.6 Fuel Reprocessing 78
6.7 Radioactive Waste Management 79

Publications 82

7. RADIOLOGICAL SAFETY AND PROTECTION

7.1 Health Physics 87
7.2 Radiological Protection 88
7.3 Monazite Survey Project 90

Publications 92

8. ELECTRONICS AND INSTRUMENTATION

8.1 Instrumentation 100
8.2 Computer Based Instnimentation 100
8.3 Control Engineering 102

Publications 103



9. ENGINEERING SERVICES

9.1 Civil Engineering 105
9.2 Electrical and Mechanical Services 106
9.3 Central Workshops 107
9.4 Remote Handling and Robotics 107

Publications 110

10. LIFE SCIENCES

10.1 Molecular Biology I l l
10.2 Biochemistry 112
10.3 Bio-Organic Chemistry 115
10.4 Nuclear Agriculture 117
10.5 Bio-Technology 118
10.6 Food Technology 119
10.7 Radiation Medicine 120
10.8 Radiobiology 122

Publications 124

11. GENERAL

11.1 Technical Information 133
11.2 Industrial Safety 134
11.3 Contributory Health Service Scheme (CHSS) 134
11.4 Radiation Medicine Sendee 135
11.5 Human Resources Development 135
11.6 Landscaping 140

*** *** ***



1.1 Nuclear Physics

With the commissioning of the Medium
Energy Heavy Ion Accelerator (MEHIA) (14
UD Pelletron Accelerator) facility in December
1988, heavy ion beams of sufficiently high energy
suitable for advance research in nuclear physics
became available for the first time in the country.
During this year, setting up of the four beam
lines and associated experimental equipments
around the Pelletron Accelerator Facility were
completed. The experimental facilities included
a general purpose scattering chamber, BGO
gamma-ray detector multiplicity set up, target
irradiation facility for radiochemical studies, and
CAMAC-based multiparametcr data acquisition
system. While many basic nuclear physics
research programmes utilised the Pelletron
Accelerator Facility, several research programmes
were also carried out with the charged particle
beams from Trombay Van de Graaff accelerator
and the VEC at Calcutta. Neutron beams from
Cirus reactor at Trombay were also utilised for
fission studies.

The field of study of resonances in heavy ion
collisions with the beam of MEHIA accelerator
has been initiated with the study of the reaction
12C(16O,4He)24Mg. The excitation function of
this reaction leading to several excited states upto
22 MeV in 24Mg were obtained and the data
have given evidence of three intermediate struc-
ture resonances at excitation energies of 42 to 47
MeV in 28Si.

In order to investigate the importance of
"threshold anomaly", the strong energy depend-
ence of the real part of optical potential
observed at near barrier energies for the system
16Q, 209BJ . i t ld 4 H e + 209^ detailed elastic scat-
tering angular distributions for 16O and 4He on
20yBi target have been measured at several ener-
gies near the barrier.

The fission fragment angular distributions have
been measured for 9Be, 10B, 12C, 16O and 19F
ions on 232Th target, with a view to check the
predictions of the theoretical model proposed
earlier by Trombay scientists to explain the ana-
molous fragment anisolropies observed in heavy
ion induced fission. Results of the preliminary
analysis of the data are found to be in agreement
with the above theoretical prediction that there
should be a transition in anisotropy values across a
critical mass asymmetry.

Angular momentum distributions in O + Ag
and O + In reactions were deduced for various
channels by measuring the gamma multiplicity dis-
tributions using the BGO gamma ray multiplicity
set-up.

Energy spectra of prompt neutrons emitted in
thermal neutron induced fission of 235U was
measured together with the energies and angles
of the coincident fission fragments at Cirus
reactor. The data were analysed to obtain infor-
mation regarding temperatures of fission frag-
ments emitting these neutrons.

Charge exchange reaction of the type (6Li,
6He) and (7Li, 7Be) were taken up for study at
the pellctron accelerator and the initial runs
have indicated the feasibility of studying these
low cross section reactions.

High energy gamma ray (5 to 40 MeV) meas-
urements were made on various targets (Co to
Au) bombarded with alpha beams from VEC,
Calcutta, and heavy ion (7Li, 16O) beams from
MEHIA accelerator. Properties of hot giant
resonances in nuclei and ultradipole photon
cross-sections were extracted.

Direct reaction analyses of the reactions
13C(3He,4Hc)12C leading to ground and first
excited states of I2C studied with Trombay Van



de Graaff accelerator have given signiticant
quantitative evidences of the direct ^ e cluster
transfer at sub-barrier energies.

Alpha particle induced fission of 235U was
investigated in deep sub-barrier energy region (2-
4 MeV) with the Van de Graaff accelerator.
At these energies, fission cross sections were
found to be several orders of magnitude larger
than that expected, and these suggest that the
process contributing is the fission of Coulomb
excited target state nucleus.

Further theoretical work on nuclear level
densities were carried out by analysing the experi-
mental data on the particle yields and energy
spectra in proton induced reactions on moly-
bdenum isotopes.

Progress in the understanding of the delta
production reaction depends upon the ability to
construct the t-matrix for the description of the
pp •*• n + + reaction. This t-matrix has been con-
structed and found to fit a!! the available data
from thres-hold to 4 GeV on this reaction. This
work also suggests that the size of the nucleon in
nuclei is less than 0.5 fm, which is against the cur-
rently held belief of the bloating of the nucleon.

For the analyses of knock-out reactions, a new
symmetric 3-body Schroedinger equation has been
set up which gives exact solution when one of the
distorting optical potentials vanishes. The solution
of the new equation corresponds to angular mo-
mentum dependent distorting potentials in the
conventional treatment.

A Monte Carlo computer code to simulate
nuclear collisions at ultrarelativistic energies
based on the coherent tube model has been deve-
loped which predicts the experimental results very
satisfactorily. The code is being modified to run
on a parallel processing computer to reduce com-
puting time. The code is now being adopted to
simulate background events in the Kolar proton

decay experiment.

The multiplicity distribution of charged par-
ticles in hadron collisions at high energies, calcu-
lated on a parton branching model, fits data well.
Predictions of the multiplicity distributions ex-
pected at superconducting supercollider ener-
gies have also been made.

Parallel Plate Spectrometer for detection of
electrons produced in the decay of atoms excited
in the beam foil interaction has been tested for
performance and its calibration constant has
been determined. Similar studies for Cylindrical
Mirror Analyser are in progress.

Proton induced X-ray emission (PIXE) tech-
nique was utilised to study trace element concen-
trations in cancer tissues and lead levels in blood
samples of children. The XRF method was
applied for analysis of trace elements in tea, soil
and high Tc superconducting materials.

233U breeding optimisation from 232Th bom-
barded with 14 MeV neutrons have been
studied in cylindrical geometry with Monte Carlo
calculations. Fast neutron spectrometric studies
have been carried out in Fusion Blanket assembly
irradiating CR-39 SSNTD detectors.

Detailed design analysis of a spallation neu-
tron source for simulation of radiation dan;..ge
at 400,600 and 1200 MeV has been carried out
for materials like iron, chromium, manganese,
nickel, stainless steel-316 and DIN-1.44914. Pre-
liminary studies of thorium breeding using a spal-
lation source have been carried out.

Under a contract with IAEA, Vienna, neu-
tron induced multiparticle reaction cross- section
data for 58Ni and *** Ni have been generated for
energy range upto 30 MeV using different nuclear
models. 25 group photon interaction cross-sec-
tions have been generated to facilitate investi-
gative studies pertaining to mineral exploration.



1.2 Accelerator Programme

The Medium Energy Heavy Ion Accelerator
facility set up at the Tata Institute of Funda-
mental Research jointly by Bhabha Atomic
Research Centre and Tata Institute of Funda-
mental Research became fully operational in
October 1988 and was formally inaugurated on
30th December, 1988. With the commissioning of
this facility, experimental nuclear physics pro-
grammes utilizing energetic heavy ion beams
could be started for the first time in the country.
During this year, the accelerator was put into
round-the-clock operation for advanced re-
search in nuclear sciences utilising energetic
heavy ion beams and about 50 research experi-
ments were undertaken. For these, ion beam
species such as 6Li, 10B, 12C, 16O, 19F, 27A1, ̂ Si,
31P, 32S and 35C1 at ion energies ranging from
40 to 130 MeV were accelerated and delivered
to the experimental stations. The ion beam cur-
rents at the target varied from 2-300 nano-
amperes depending on experimental require-
ments. The experimental programmes included
studies of sub-barrier fusion, heavy ion induced
fission, high energy gamma ray emission, gamma
ray multiplicity distributions, elastic scattering,
transfer reactions, heavy ion molecular reso-
nances and nuclear life times. Experiments were
also carried out in the area of ion-solid inter-
actions, condensed matter physics and radio-
chemical studies.

The major problems relating to machine
operations during the year were caused by acci-
dental rupture of charging chains. On tracing that
this problem was probably due to higher speeds
of the drive motors, steps have been taken to
replace the existing motors with those having
appropriate speeds. Two additional beamlines
were commissioned during this year, making a
total of four beam lines for different experiments.
The remote control system for the experimental
beamline was also integrated with the main
CAMAC control system. A number of electronic
circuits were incorporated for remote measure-

ments of tank pressures, chain drive motor
positions and testing beam profile monitor
calibration, etc.

Work on fabrication of RF resonators for the
superconducting LINAC made further progress at
the Central Workshops. Technique of lead plating
the RF resonators was also further improved
and a prototype RF resonator tested for RF per-
formance produced accelerating field of 2.4 MV/
meter at a dissipation of about 6 watts. The design
of the cryostat module to accommodate four RF
resonators was completed and the work of its
fabrication was started. Electronic design of RF
controller card of each resonator was taken up
along with the work of procurement of the
required RF electronics.

The RF tank for the 150 keV deuteron RFQ
accelerator has been machined and tested for
vacuum. The tank has been copper electro-
plated. The support structure for the tank is
fabricated. The RF coupling loop, RF test
assembly, tuning fixture and RF pick-up probe
assemblies are in progress. All parts of the
Duplasmatron ion source for RFQ linac have
been fabricated and vacuum tested. A vacuum of
5*10"6 Torr has been achieved in the assembly.
The 30 kV high voltage supplies of the ion
source and the gas supply system have been
tested. First stage of the 30 kW, 45 MHz power
amplifier has been designed and tested.

1.3 Reactor Physics

The neutronics design of the various types
of nuclear power reactors require the deve-
lopment of complex and sophisticated computer
codes and their testing by (i) comparing the
numerical results with the available experimental
data and with international benchmarks, and
(ii) intercomparison of the various computer
codes keeping in mind their fine differences.

Active participation in the first approach to
criticality and low power physics experiments of



NAPP-1 was made. A combination of the
computer codes PHANTOM and CEMESH was
used to calculate the worth of the various
control and safety devices. An accuracy of nearly
10% in reactivity worth prediction was achieved.
This code combination was tested against
some RAPS-II low power physics experiments.
A snapshot power distribution of equilibrium
core of NAPP-1 was calculated and its
followup was done for 200 effective full power
days. The bundle power and channel power vari-
ation, peaking factors and bundle power envelop
were obtained. The computer code TRIVENI was
transferred to NAPP to be used on SUNRAY
computer for the followup operation and a
computer code ITIHAAS was developed for
fuel accounting and history keeping. A
computer code VIGIL was developed to
analyse measurements from instrumented chan-
nels and central thimble of the reactor.

Refueling strategies for recycling plutonium
in RAPS reactors were optimised. It was demon-
strated that either a combination of two and four
bundle refueling or a chequcrboard refueling can
give substantial advantage in increase in burnup,
with power and control requirements remaining
the same.

Many problems related to the proposed 500
MW(e) PHWR were taken up. Lattice para-
meters like K , Kgff, etc. of 37 rod fuel clus-
ters obtained by using various computer codes
DUMLAC, CLIMAX and CLUB were inter-
compared. At low burnups, the results agree
within 2 mk. At higher burnups, the results
show more departure. The effectiveness of the
control system was investigated and found suit-
able using the computer code FEMXEN. The
dependence of core stability on reactivity
devices and on two zone fueling was investi-
gated using linear stability analysis methods.
IAEA benchmark problem on PHWR has been
taken up for analysis.

As regards LWRs, the indigenously developed
BWR fuel assembly burnup code SUPERB was

modified to treat all the heterogeneities of a
PWR fuel assembly like water rod, RCCA. BPR
or poisoned pins. The core combination
SUPERB-COMETG. a design toll for fuel
assembly and core calculation, was extensively
validated against TAPS operation data. PIE data
and Monte Carlo codes. EXCEL-TR1HEX-1D is
a hexagonal lattice code prepared to analyse
hexagonal lattices of VVER. EXCEL, a modified
version of SUPERB was validated against VVER
type U-water lattice experiments done at ZR-h
facility of Hungary. The worth of uniform and
regularly perturbed lattices could be predicted
within 1% accuracy. Validation of EXCEL was
done with the Monte Carlo code MONALI
which was suitably modified to accommodate
hexagonal lattices with reflecting boundary
conditions. Three IAEA benchmark problems of
BWR, PWR and W E R classes have also been
undertaken to be analysed with the code system.
The regular work of providing reload patterns
and following up core exposure and TIP data
was continued.

The inadequacy of transport cross section of
hydrogen in fast energy range was observed in
the well known WIMS library. Accounting for
anisotropy of scattering showed significant
improvement in the prediction of multiplication
factors of high leakage, high enrichment small
solution reactors.

The fast reactor accident analysis code
ANEXDI was modified by replacing its point
kinetics module by a space time kinetics module.
It was observed that, for 500 MW(e) PFBR,
energy release predictions during disassembly
phase of an accident might change significantly
due to spatial neutronics. The multigroup dif-
fusion theory code TRIHEX-3D was validated
with a LMFBR benchmark problem.

An integral transform method was developed
to compute timeeigen values corresponding to
spherically non symmetric eigen functions of
one group neutron transport equation for a
homogeneous sphere. In the studies of neutral



particle transport through the random medium,
it was shown that the probability density of
reflection coefficient (from, a semi-infinite array
of random slabs) changes from a smooth cui /e
to a discrete distribution (whose support has a
cantor set structure) as the parameters of random
slabs arc varied.

1.4 Fusion (High Temperature) Research

An analytical study on plasma expansion in
vacuum was made under various conditions
of laser-matter interaction. In particular, the
density steepening due to rarefaction shock in
a high intensity laser-produced plasma was
studied in detail.

In a multi-ion plasma system, an ion-ion
two streaming instability is generated due to
relative drift velocity of various ion species. This
problem was formulated under linear perturbation
model and growth rate was calculated. Its implica-
tion on the experimental ion spectra was also
studied and many interesting features were pre-
dicted.

A 2-D code CASTOR-2 was used to analyze
certain laser induced target ablation experi-
ments done in BARC. Various scalings of
ablation pressure, mass ablation rate, etc. were
studied based on self-regulating model (high Z)
and deflagration model (low Z). Simulation with
CASTOR-2 for low Z plastic and high Z Al tar-
gets indicated a transition from self-regulating
model to deflagration model as laser intensity
increases. The intensity corresponding to transi-
tion is a characteristic of the target Z. This
result is consistent with the physical phenomena
leading to non-collisional effect from collisional
effect as laser intensity increases.

CASTOR-2 was also used to study effects
of lateral energy transport on various scaling
parameters arising in a non-uniform laser pro-
file.

1.5 Condensed Matter Physics

Neutron diffraction studies at Dhruva carried
over a wide range of temperature in the dis-
ordered spinel system ZnxCoj.xFeCrO4 revealed
the existence of highly perturbed magnetically
ordered states with uniaxial random ferrimag-
nctic phase, the canted random ferrimagnelic
phase and the spin glass phase occurring in
different ranges of temperature. Small angle
neutron scattering (SANS) studies were pursued
in a variety of CTAB micellar solutions with a
view to understanding the mechanism responsible
for large changes in viscosity in these solutions.
Electrolytic loading of deuterium in Pd was ob-
served on a real time basis using neutron diffrac-
tion techniques; under the loading conditions used
in the experiment, loading proceeds only upto
pdD0 55. Critical scattering studies on solution of
Triton X-100 in D2O revealed the nature of
forces responsible for phase separation of the
solution at 62°C. Lattice dynamics calculations
and computer simulation studies carried out in
the high Tc superconductor YBa2Cu3O7_x were
able to predict correctly the observed crystal
structures, phonon density of states, thermal
expansion and the orlhorhombic to tetragonal
phase transformation. A prototype spin echo
spectrometer using supcrmirrors was designed,
fabricated and tested at the Cirus reactor and
several spin echo oscillations were clearly
observed.

Position annihilation studies in the quasicrys-
tallinc systems Al-Mn-Si have been carried out
for the first time. Evidence has been found in
support of the 'glass model'. Mossbaucr spectro-
scopy studies on AI-Fc system have shown that
the quasicrystal Al78Fe22

 wi'h a stoichiomctric
composition very close to the crystalline phase
Al13Fe4gcts transformed to the crystalline phase
when subjected to thermal cycling down to liquid
nitrogen temperature. This is believed to be first
such observation.



Resonance Raman scattering studies of for-
bidden LO phonon modes have been carried out
in InGa0 53As0 47, a technologically important
material. The results indicate that the resonance
curve does not broaden with respect to GaAs
on alloying. Quantum size effects in small semi-
conductor particles are of importance for reali-
sing microdevices; Raman study of phonon line
shapes in CdS Se small particles (" 100A) have
revealed features distinct from bulk samples.

Measureable hysteresis in magnetisation can
be seen in only those superconductor samples
that have a non-zero demagnetisation correction.
The problem of shielding in such superconductors
has been solved for the first time, allowing the
computation of complex susceptibility and ac
losses. Magnetic hysteresis and transport
measurements have been used to study critical
current in a variety of high temperature super-
conductors.

History-dependent effects in the magnetization
of niobium have been established in collaborative
experiments at TIFR.

Based on extensive Mossbauer spectroscopic
studies on YBa2Cu3_xFeOx_7, it was concluded
that the principal reason for the oxide to be
superconducting is not the change in the stru-
cture (from tetragonal to orthorhombic) or the
oxygen configuration around the Cul site, but the
change from semiconducting to metallic nature of
the oxide.

A number of highly disordered oxides have
been studied; in Co0 5Zn0 5FeCrO4 and LiTi
ferrites, the Mossbaucr probe Fc exists in Fc3+

state, whereas in FcIn2S4, FcGa2O4, ion is in
Fe2+ state. In all cases, characteristics of spin
glass phenomena arc observed in macroscopic
AC susceptibility and magnetization measure-
ments. It was shown that these are mainly due to
superparamagnclic clustering when ion is in
Fc1+ state but true spin glass behaviour due to
magnetic frustration occurs in spinels containing
Fe2+ ions.

Calorimetric, NMR and X-ray diffraction
studies have been carried out on the structure
and proton mobility in model membranes and its
interaction with antileprosy drugs.

The protein structure has been determined for
the first time in India with 2.8°A resolution by
protein crystallography. High activity carbonic
hydrase II from the erythrocytes of Indian water
buffalo has been isolated, purified, crystallised
and structure determined by molecular replace-
ment method. Structures of multi enzyme
complex, and inhibitor/drug complex have been
studied.

A gas gun to generate shock pressures on
samples has been built and tested. The shock
anamoly present in zirconium at 27 GPa has been
analysed by band theory and attributed to the
omega phase change.

1.6 Theoretical Physics

Extensive theoretical studies of Quantum
Electrodynamics (QED) of a two-level atom
undergoing one or two photon transition in
coherent, thermal, superposition of coherent and
thermal, binomial and negative binomial fields
were performed. A binomial (negative bino-
mial) state of the field is intermediate between a
pure number state (thermal state) and a coherent
state and it reduces to each of these two
states in two different limits. Some research on
quantum effects in the propagation of light
through a non-linear Kcrr like medium was
carried out.

Non-classical features of light, such as
anlibunching, sub-poissonian statistics and
squeezing, have invoked much attention in recent
times. Squeezed states of light arc defined as the
one in which the uncertainty in one quadrature of
the field is less than that for a field in a coherent
stale. Interaction of broadband squeezed bath
with coherently driven ensembles of atom is
another area of interest. Generation of intelligent
spin states and pairwise squeezed atomic slates



was predicted by studying cooperative beha-
viour of atoms in broadband squeezed cavity.
Time-dependent spectra of a strongly driven two-
level atom in broadband squeezed vacuum were
computed.

Cooperative effects including dipole-dipole
interaction on optical double resonance were
studied using a master equation approach.
Time-dependent physical spectra for a three level
atom interacting with two coherent fields were
obtained. Theories were developed for inter-
preting the experimentally observed quantum
jumps in one and two trapped ions. Finally, linear
and non-linear optical properties of quantum-dots
were investigated.

In the area of path integrals, efforts were
directed mainly towards theoretical investigation
of polymer entanglements. It was shown that
the statistical mechanical properties of
entangled polymeric systems can be expressed in
terms of functional integrals over closed trajec-
tories enclosing a constant algebraic area. These
functional integrals were explicitly evaluated for
some special cases to obtain the elastic pro-
perties and to explain the typical rigidity acquired
by long molecules. A new theoretical basis for
Fcynman path integrals involving white-noise
calculations was developed.

In the field of quantum chaos, the spectral
properties and nature of eigen functions in some
new pseudo integrable systems were studied.

A system of electron gas in two and three
dimensions subjected to uniform magnetic field
was considered. Explicit expressions of the
cletron density and density matrix was derived as
functions of the Fermi energy and the field
strength. The local density approximations for
the kinetic and the exchange energy density
functional for an inhomogencous many-eletron
system were thereby obtained using the density
quantities as basic variables. A practical scheme
for the density functional calculation involving
magnetic field in the light of Thomas Fermi Dirac

theory was outlined. Oscillations, characteristic
of the de-Hass Van Alphen effect, were shown
to be inherent in the energy density functionals.

A complete description of local and non-local
observablcs in a pure Yang-Mills theory was
obtained. It was shown that the local observ-
ables arc local generators of Wilson loops
(non-local observables) if the field strength and
gauge potential are analytical in nature.

Assuming intermediate vacuum state domi-
nance, it was shown that gluon condensation
and chiral symmetry breaking are related to each
other in two dimensional QCD.

Small solids or small particles are nano-
meter-sized solid structures with novel optical
and electronic properties, quite distinct from
those of the bulk. These are being studied,
with particular reference to their linear and
nonlinear, optical properties. In particular, the
optical response of spherical anisotropic semi-
conductor microcrystallites was studied.

1.7 Laser and Spectroscopy

Most analytical work, analysed spectrographi-
cally hitherto, is being carried out on the newly
installed ICP spectrometer. Samples analysed in-
clude reactor water for boron and cadmium, rare
earths, steels, copper alloys, etc. About 1300
samples involving over 7000 determinations were
reported during the year.

A number of programs have been started util-
izing the 400 mJ Excimer Laser pumped dye la-
ser. Stark effect measurements in Rydberg states
of potassium atoms have been made. Time
evolution and spectroscopy of laser ablated
copper plasma have been studied utilizing emis-
sion from both auto-ionizing and normal states.
Rapid cooling of this plasma by an inert gas pro-
duces copper aerosols and clusters upto micron-
size. Emission from laser ablated plasma has been
studied for the analytical investigation of pre-
sence of rare metals like gold and platinum in



rocks and minerals. Further analytical investi-
gations included Laser Enhanced lonization (LEI)
of Na, K and In using air acetylene flame. Con-
centrations of 1 ng - 10 ng/ml have been detected.
A facility for laser induced site selection
spectroscopy for the study of rare earth ions in
solids upto liquid helium temperatures is being set
up. For this, a 1 m Czerncy-Turner monochio-
mator has been fabricated in BARC. Decay rates
for the lD2 level of Pr3+ in YPO4 have been
measured. Barium metal in a heat-pipe has been
investigated for auto-ionization studies by obser-
ving both photons and Ba+ ions in a laser
induced multiphoton ionization experiment.
Utilizing the 571-606 nm region of the Rh 6G dye,
laser induced photo-acoustic spectra have been
recorded for Nd:YAG crystal, cobalt-chloride and
graphite. Laser Opto-Galvanic (LGO) studies of
selected atoms and molecules is under progress.
Transient molecular species formed during
photolysis by excimer laser light are being inves-
tigated.

Isotope studies have been carried out in a
large number of spectral lines of Yb+, Nd, Nd+.
Optical spcclroscopic investigations involving
plasma diagnostics have been carried out using
the 2kJ plasma focus device.

Several new electronic bands have been dis-
covered in PN, AsN and SiTe molecules and
work is underway to analyse a number of unex-
plained features in the spectra of InBr, Hg2 and
GaO. IR spectra of the constituents of high Tc

superconducting materials like YBa2Cu^O7 have
been recorded. Laser optogalvanic studies in
ammonia have been carried out using a CO2 laser.
Theoretical work on forbidden transitions in
diatomic molecules has been continued. Double
transitions of the type U+S and W+S in the IR
spectrum of solid para H2 are being studied.
High resolution Fourier transform spectra of
methylene fluoride and acetylene and isotopic
methyl acetylene arc being investigated.

Interfacing of a Jarrel Ash micropholomctcr
with an IBM PC and development of inlerfacc

hardware and software to couple Jobin-Yvon
sequential spectrometer with an IBM PC has
been accomplished. For signal detection, pro-
cessing and control for the indigenously built
Fourier Transform Spectrometer, an amplifier, a
phase shifter and a band pass filter have been
fabricated and tested.

A diverse variety of laser grade optics has been
designed and fabricated, including mirrors for
Cu-vapour lasers with over 99% reflectivity,
beam splitters for Nd-YAG laser and high
reflecting optics in 330-370 nm region to be used
in formaldehyde environment.

A remote viewing hot cell macrograph for
viewing posl-irradiatcd metallographic specimens
has been designed and fabricated. A vibrationlcss
table for Fourier transform spectrometer, high
temperature crossed heat pipes and a multiple
reflection unit were designed and fabricated.

An axial fast flow CW CO2 laser giving an out-
put power of 500 watts was developed. Devel-
opment of a CO2 laser chain capable of pro-
ducing 75 J, 1.5 nS laser pulses was under-
taken. A hybrid oscillator along with a pulse
sliccr was assembled and tested. An electron
beam prcionized high pressure CO2 amplifier was
designed, and electron beam source for the same
has been assembled and tested for vacuum.

In view of the growing importance of dye
lasers as finely tunable wavelength sources,
efforts were devoted to enhance output power
of the dye lasers developed indigenously.

A mass spectrometer for on-line analysis of
nuclear fuel has been built, evaluated and com-
missioned at site. An argon extraction system for
rock samples was made and supplied to National
Atomic Agency, Indonesia. This system is meant
to be used with the mass spectrometer supplied
earlier for K-Ar dating of rocks. Two mass
spectrometers for heavy water analysis were
supplied to Heavy Water Project, Manuguru.
Development of a high resolution mass



spectrometer was continued and a resolution of
nearly 5000 has been obtained in preliminary
tests.

Fabrication and testing of the fifth 600 kW
variable d.c. power supply was completed. The
installed capacity of the system is now 3MW and
the system is being used for the testing of reactor
components. The ultraviolet photo-electron
spectrometer has been fully integrated with
helium light source and is undergoing final tests.
Nd : YAG laser rods fabricated from grown crys-
tals showed efficient laser emission at 1.064 m.
Clear non-linear optical crystals of MgO doped
and undoped LiNbO2 have been grown. Work
on the growth of crystals for nuclear particle
detectors and IR detectors was pursued, while
the routine production of alkali halide and KDP
crystals and different types of semiconducting sur-
face barrier detectors continued.

Work on the production of Xenon flash lamps
for use in lasers and hollow cathode lamps for use
in atomic absorption spectrometers by various
DAE units and outside organizations was con-
tinued. High pressure glass to metal seals for
use in Heavy Water Projects and seals for canned
motor were fabricated and supplied.

1.8 Computer Software

A data communication library has been
developed for FORTRAN users working on
Norsk Data and HORIZON systems. It is very
useful in establishing communication between
two programs running in two different systems
connected by local network. Execution time can
be considerably saved for computationally inten-
sive jobs provided they are partitioned in modules
which may be executed in parallel in two intercon-
nected systems. Parallel data communication
library allows transfer of data between two
systems in any FORTRAN acceptable formal such
as real, integer and characters.

A set of programs was developed for running
in parallel mode using parallel data communi-

cation library. These routines can be used in
FORTRAN programs and the modules of the par-
allel programs can be initiated simultaneously in
the interconnected systems. Parallel computing
techniques were developed for Monte Carlo tech-
niques.

Parallel processing environment has been
developed for UNIX-based HORIZON systems
in C language. It offers the facility for parti-
tioning programs into independent processes,
defining parallel execution of these processes
in interconnected systems, and establishing
communication between two parallel processes
belonging to the same job but running in different
systems. Two computer-intensive FORTRAN
programs have been parallelized using parallel
data-communication library. A three dimensional
solid modelling package has been developed on
Norsk Data computer systems for designing and
displaying solid objects on advanced colour
graphics terminals. This package plays an
important role in many scientific and engineering
applications as a design tool for creating com-
plex objects and assemblies. This solid modeller
allows generation of a complex solid from simpler
primitive solids such as block, cylinder, cone,
sphere and torus. Any geometrically definable
object can be modelled and its information can
be stored for further analysis and production of
prototype models. This package has user
friendly menu facilities for variation operations
on primitives and visualization. Interactive mole-
cular modelling is being increasingly used for
research in frontier areas of molecular biology and
pharmaecology. Now this facility has been pro-
vided at the Computer Centre by a software pack-
age "ANIMOL". This program has been deve-
loped and implemented on Norsk Data Com-
puter System using advanced Colour Graphics
Terminal. The interactive modelling program
ANIMOL offers (i) Real-Time rotation, i.e.,
rotating the displayed molecular model about
the cartesian axes by programmed keys, (ii) Bond-
colour, i.e., drawing of any desired bond in any
one of the seven available colours, and
(iii) Atomic-colour, i.e., controlling the colour of



an atom in the space filling mode or the solid
mode of molecular drawing by either the atom
name or the sequential position of the atom in
the co-ordinate data set. This program can handle
upto 10,000 atoms.

A software package has been developed
on Norsk Data computer to draw smooth
3-dimensional ribbon models of proteins on
advanced colour graphics terminal.

An Expert System package which gives
advice on the choice of analytical method to be
used for the separation of an impurity element
from a given pure material has been developed.
The system also suggests suitable measurement
techniques to be used for the quantitative
estimation of the impurity element. Conventional
rule-based approach has been taken for this sys-
tem. To start with, the knowledge base has been
built around the ion-exchange method which is
one of the most popular methods of separation.
The system has been implemented on an IBM PC
using PROLOG language.

A screen editor called PC-PED having
word processing capability and equipped with
powerful editing features, developed on IBM PC,
has been implemented on UNIX based Horizon
computer system where it makes use of tcrmcap
database library. It has been implemented on
various kinds of printers that arc currently avail-
able for IBM PC and exploits many of their useful
features.

A new integrated voice/data telephone
exchange with a capacity of 1200 voice extensions,
200 public telephone lines and 300 data chan-
nels has been installed in BARG It has several
types of terminal instruments. A vast cabling net-
work has been laid for implementing the network.
To facilitate maintenance and management of
this set-up a network management database has
been developed on PC. The database is divided
into two record types, telephone record and user
record. The telephone record gives technical
information such as type of instrument, physical

address of its interface circuit, cable route and
location. This can produce statistical information
required for the management of the network.
The user record gives information about the
personnel associated with each telephone and
is useful for administration purpose and print-
ing and updating of telephone directory. The
telephone directory can be obtained with diff-
erent types of cross referencing such as listing
under divisions, groups, locations, names and
telephone numbers.

Motion planning is the first step towards
the realisation of intelligent robots. A motion
planner generates a sequence of states through
which a robot may move towards its goal without
colliding with any obstacle in its environment.
Typically, a motion planner operates in the con-
figuration space spanned by the degrees of free-
dom of the robot. The configuration space is
formed by mapping the objects in the physical
space into the configuration space. Thus, for a
planar robot moving among polygonal obstacles
one needs to determine the ranges of angles
through which a link polygon may be oriented
without intersecting with any obstacle polygon
in its environment. An efficient algorithm has
been developed for the determination of these
ranges of angles. It is an improvement over an
existing algorithm for the same purpose. The
improvement comes from characterising an edge
of a polygon depending on whether it is exposed
to collisions during an anticlockwise or a clock-
wise rotation of the polygon about the specific-
ation. The algorithm has been implemented
and tested extensively on an IBM PC. A graphic
editor allows one to define the link and the
obstacle polygons. The program computes and
displays graphically the configurations at which
the link touches one or the other obstacle
polygons.

Isotope software package has been
developed on IBM PC for isotope sales order
processing. At any point of time, it gives the
status of any order pending and gives the cause
of the delay. It automatically generates reminders
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to customers after a given interval for the return
of isotope. It also helps scheduling the production
of isotope for optimum utilization of the facili-
ties and to keep the inventories at minimum.
Complete sale profiles and revenue generated can
be obtained at any given point of time.

A software package for computerised control
of receipt and clearance of materials received by
Central Stores Unit of BARC was developed for
IBM compatible personal computer system run-
ning under MS-DOS.

1.9 Seismology

The field installations for monitoring world-
wide seismicity operated continuously to detect
and identify seismic signals due to underground
nuclear explosions. The methods developed
for discrimination of earthquakes and explosions
are extended to other fields, eg. medical diagno-
stics and picture processing.

The AT-386 based system to monitor safety of
underground mines is in final stage of completion
for being installed at deeper levels (depth of 2
km) at Bharat Gold Mines Ltd.

The 12-station radio-telemetered seismic net-
work established at Bhatsanagar operated con-
tinuously and the data is being analysed. It is seen
that seismicity in Bhatsa region is very weak with
a few shallow seismic sources located in and
around the catchment area upstream of the dam.

1.10 Nuclear Research Laboratory, Srinagar
and High Altitude Research Laboratory,
Gulmarg

Gulmarg Gamma-ray Telescope has detected
two episodic emissions of gamma rays of energy
greater than 2 TcV, from the X-ray binaries,
Hcrculis x-1 and Cassopeia gamma-1. Further
study of the cataclysmic variable binary system,
AM Herculis, involving a magnetic white dwarf

instead of a neutron star, has confirmed the
steady emission of photons of energy greater than
2 TeV from the source displaying a morpho-
logical similarity with the phase dependence of
the circularly polarized light, underlying the
crucial role played by the magnetic field of the
white dwarf in the generation of gamma rays.
Analysis of Cos B satellite data has led to the
detection of two other similar objects, E 1405-451
and W Puppins, at photon energies of greater
than 50 MeV.

Several technical innovations have been incor-
porated in the gamma ray telescope such as novel
method for stabilizing the threshold of the tele-
scope and a new majority nanosecond coincidence
circuit which identifies the active input channels.

X-ray fluoroscence (XRF) technique has been
used to study the elemental composition of 2000
year-old archeological coins discovered in Kashmir
valley. A microprocessor-based thermolumine-
scence spectrometer has been developed which
stores temperature and glow curve data in the
RAM and transfers it to PC over a serial link.
The system has been used for dating of the
pottery samples from an archaelogical site in
Kashmir. The estimated age of 2000 years B.C. of
this pottery agrees well with the accepted date of
the site.

PANBIT source continued to be used as a
regional facility for the sterilization of medical
products from local hospitals and industrial
units. Study of radiation effects on pharma-
ceuticals like tctracycline and sulpha drugs was
continued using PANBIT gamma source of
80,000 curie. A differential pulse polarographic
method was developed to determine sulpha drugs
at extremely low concentrations which cannot be
otherwise detected by spectrophotometry. A
similar differential pulse polarographic method
has been developed to detect low level toxic
nitrate ions in lake or river water samples.

A PC based multipurpose Front Office Posting
Machine has been developed for the Indian
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Postal Department which can handle various types
of inland and overseas mail producing a detailed
frank label and a customer receipt. The field trials
of the machine were successfully conducted at
Srinagar GPO and the Department of Posts is
presently evaluating it for introduction in a large
number of post offices in the country.

A microprocessor based digital meter has been
developed for the measurement of speed and
speed variations in low speed drive systems. The
meter is expected to have industrial application.

The operation of two seismometers at Srinagar
and Gulmarg has been continued to augment
the data at other installations in the country.

/ . / / Plasma Physics

Studies related to the applications of thermal
plasmas (in the temperature range 2000-20000
degrees) in engineering technology were conti-
nued. Theoretical studies connected with plasma
properties and flows, and experimental investi-
gations on plasma cutting and spraying have been
carried out.

Based on the experiments carried out on a 100
kW transferred arc plasma cutting torch, a 1 MW
underwater plasma cutting torch has been
designed and is under assembly. The dc power
supply has been installed and the torch head
fabricated. The current experimental pro-
gramme includes development of diagnostic in-
struments. Fluctuation measurements in plasmas
in kHz region have also been carried out. A
micro torch for welding thin foils which has
been developed is undergoing trials.

Plasma sprayed superconductors of yttrium
based YjBa2Cu3O7 compounds have been
prepared with superconducting transition tem-
peratures around 90 K. These coatings have
been tested for electromagnetic shielding appli-
cations over a range of frequency and field inten-
sities. Bend tests on stainless steel coated

with superconductors have been carried out at
liquid nitrogen temperatures to study their
suitablity for various applications.

1.12 Variable Energy Cyclotron Centre

The design parameters of the various sub-
systems of ISOL, such as ion-source, dipole and
quadrupole magnets, vacuum system, tape trans-
port device, etc., have been finalised. Fabri-
cation and installation of these subsystems are
nearing completion. The LCW and compressed air
lines have been connected to the respective sub-
systems. A prototype ion-source has been tested
successfully. The various power supplies
needed for dipole and quadrupole magnets are
being tested. The facility is expected to be oper-
ational by June 1990.

Fabrication of all magnet coils and the vacuum
chambers for ECR ion-source is complete.
Vacuum chambers have been tested and
installed inside the magnet yoke along with the
high vacuum pumps. A pressure of 1 x 10'7 Torr
was achieved. The complex job of making sextu-
pole magnets has been planned for fabrication.
Microwave generators have been purchased.
ECR source is expected to be tested by the end of
1990.

A Superconducting Switching Magnet has
been designed to bend the beam in experi-
mental areas of VEC Cyclotron by 15°. The de-
sign includes the cryostat and other cryo-
genics transfer lines. Fabrication of various parts
is underway at VECC Workshops. The magnet
has a pill-box design and the coil will be fabricated
out of Nb-Ti wire made at Trombay.

The CAMAC based data acquisition system on
ND-560 that is being used since 1985 has been
augmented with many new features. Now it pro-
vides zero-suppression at hardware level for multi-
parameter data. It is also equipped with the
facility of acquiring multiple singles event very
efficiently mixed with the existing multipara-
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meter facility. A new hardware development
allows the use of CANBERRA high resolution
ADCs in CAMAC.

A proposal to study nuclei far from beta-
stability using projectile fragmentation technique
at RIKEN, Japan, was approved by the Pro-
gramme Advisory Committee of RIKEN. The
experiment will be the first collaborative effort
between VECC and RIKEN. The detector sys-
tems fabricated and tested at VECC were sent to
RIKENs and two of our scientists have gone
there for the experiment, scheduled in February
1990.

1.13 Magnetohydrodynamics

Experiments have been carried out on mer-
cury-air two phase liquid metal magnetohydro-
dynamic (LJVfMHD) system to investigate the
interaction of liquid metal flow in magnetic field.
The fabrication and inspection of the components
of the 500W prototype LMMHD system is com-
plete. Currently the assembly of the 6.5 meter
high system is in progress.

in the density range 10 l l - 1014 cm"3 was
assembled on KALI-200 system.

Pulsed high magnetic fields upto 30 Tesla have
been generated in laboratory by sudden release
of energy stored in capacitor bank into an air-
cored electromagnetic coil. The resultant dis-
charge current to the coil is in the form of
damped sine waves lasting tens of cycles.

The stored energy in the capacitor bank used
earlier for garter spring repositioning in NAPP-1
has been successfully enhanced from 40 kJ to 85
kJ to handle the stuck garter springs. It incor-
porates the original ideas of double triggered
trigatron gaps and a multiple pulse generator
which generates 16 simultaneous pulses of 15 kV/
150 ns, the maximum jitter being 20 ns. However,
the axial and radial mechanical stresses on the
electromagnetic coil have increased enormously.
Design modifications on the coil based on the use
of copper-beryllium in place of copper, and addi-
tional mechanical reinforcement by axial and
radial pre-compression, are being implemented to
enable its use in future PHWRs.

1.14 Pulse Power and Particle Beam Technology L1S E^ctron Beam Technology

The interaction of Rclativistic Electron
Beam (REB) with neutral gas and plasma is an
important area of research and has significant
applications in the fields of fusion research
and generation of intense sources of particles
and electromagnetic radiation. An experiment to
study the interaction of an electron beam with
neutral gas at low pressure (400m Torr to 2.5
Torr) has been carried out using KALI-200
system. A specially designed diagnostics device has
been used for the measurement of the radial dis-
tribution of the plasma current in REB gas inter-
action studies.

In order to inject preformed plasma into the
axial mirror magnetic field for REB-plasma
interaction and plasma confinement studies, a
coaxial plasma gun which can generate a plasma

The small chamber high vacuum E.B. welding
machine developed last year is undergoing ini-
tial trials. This machine has a work chamber of
about 30 litre volume and has a short pump down
time. It is a low cost machine and is ideal for E.B.
welding of small cylindrical components such as
gear and assemblies, transducers, etc. It can
accommodate components upto 100 mm diameter,
100 mm length and 1 kg in weight. This low cost
machine will popularise the advanced welding
technique in Indian industry.

During the last few years, a variety of
special components were welded using indi-
genously developed EB welding machine. This
has helped in creating awareness about the pro-
cess as well as indigenous technology. Because
of the ris- in the international prices of E.B.
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welding machines (average price being Rs. 1(K)
lakhs or more), many potential users b.we shown
interest in acquiring these machines from BARC.
At present negotiations are going on for building
of 6 machines with the cooperative effort of local
industry, ensuring the saving of valuable foreign
exchange.

1.16 Industrial Design

The set up for the aircraft experiment on gravi-
tation is in the final stages of assembly.

The R.F. oscillator supplied by VEC has deli-
vered power upto 1.2 kW. The power supply and
RFoscitfaror system arc being modified to achieve
power levels upto 3 kW. A new inductance is
being made to bring down frequency from 15.8
MHz to 13.6 MHz.

1.17 Superconductors

The single-phase superconducting compound
of bismuth, lead, calcium, strontium and copper
oxide with a critical superconducting temperature
of 120 K was successfully synthesised, and it was
found to show some unique features. The super-
conducting compounds, Bi->Ca]_xYxSr2Cu2O7

(x = 0 to 1), showed a correlation between Tc and
some of their structural features. Enhancement
of Tc from 80 K to 100 K was achieved by suit-
able substitution in (Tl/Pb) CaSr2Cu2O8. A pro-
cess has been developed for the synthesis of
Tl-2223 single phase compound which showed a
record high Tc of 129 K. An interpretation of
the temperature dependence of resistivity of the
superconducting compound YBajCu^O^ above
its Tc has been proposed.

A point-defect model for structural phase
transitions in the high temperature superconduc-
tor Y-Ba-Cu-O has been proposed. This model
explains the ferro-electric response of the mate-
rial, which is of practical importance in increasing
the critical current density.

Studies on high temperature ceramic super-
conductors were continued. The batch size of
production ofl 23 compounds has been scaled up
and high density sintered discs upto 40 mm
diameter have been fabricated by cold compac-
tion - sintering scheme. An alternate fabrication
process involving hot pressing technique is
under investigation. The influence of several sub-
stitutions in Bi-Ca-Sr-Cu-O and 123 systems has
been studied and the beneficial effect of Pb
substitution uplo 20% for Bi in stabilising the
2223 phase has been clearly established. Work
on oxide-metal composites and explosive bonding
was continued to improve fabricabilily and den-
sity, and an increase in current density uplo
94% TD has been obtained in 123 system.

Good quality superconducting (Tc 84K)
material of Bi2Sr2CaCu2O (2212) as single
crystal and thick polycrystalline film has been
p educed. In situ superconductivity in rf sput-
tered films of yttrium, barium and copper oxide
compound has been achieved.

Silver sheathed tapes of 4 mm width x 0.2 - 0.5
mm thickness and in lengths of few meters have
been fabricated using "powder in tube' technique.
The highest current density of 170 A/cm2 at 77 K
has been obtained for 0.5 mm thick tape
sample made from 1-2-3 powder with 50 wl% Ag
addition.

Cold hydrostatic extrusion process is being in-
vestigated for the fabrication of Nb-Ti supercon-
ducting wires. This process is expected to pre-
vent the formation of intermelallic phase at the
Cu/NbTi interface usually observed in the Nb-
Ti superconductors fabricated by conventional hot
extrusion process. 0.5 mm diameter Nb-Ti wire
comprising 6 filaments has been fabricated. The
highest current density value obtained on short
sample is of (he order of 11()0 A/mm2 at 5 T field
and 4 K temperature. Further trials are planned
at NPL, New Delhi, for improving the current
density by optimising fabrication parameters.
34.6 kg of 45 filament Nb-Ti superconductor
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wire was drawn ranging from 0.7 to 0.5 mm in
diameter.

It has been shown that the strong signal near
zero field in EPR spectrometric measurements
of high Tc superconductors is made up of pre-
dominant non-resonant "reflection" of micro-
waves below Tc under the balanced bridge condi-
tions and a resonant absorption at X-band. The
non-resonant reflection is associated with the
transformation of the compound from Messncr
phase to mixed phase. The possible role of hole
trapped oxygen centres in the resonant part of
the lone field signal was examined by studying
the EPR of (CuO + KO2) system. A clear
evidence was obtained for a low field resonance
absorption arising due to exchange interaction of
Cu2+ and O' in (CuO + KO2) heated to 473 K.

The alpha irradiation effects on the super-
conducting behaviour of YBa2Cu3O7x were
studied by monitoring the microwave absorption
signal at zero field at 77 K in YBa-,Cu-,O7 v mixed

*— -Tin *" -» / "A

with alpha active z P u d . The superconducting
fraction was found to continuously go down up to
a cumulative dose of "490 MR beyond which it
levelled off. It was observed that the EPR
signals due to O2" ions build up with increasing al-
pha dose suggesting that the destruction of super-
conducting region is associated with the
corresponding increase in the density of localized
"hole" centres in YBa-jCu^Oy x.

EPR experiments were initiated to study the
effect of hydrogen gas on the superconducting
properties of YBa2Cu3O7_x.

The feasibility of incorporation of fluorine
in compounds such as Nd2CuO4,Tl2Ca2BaCu2O8,
YBa2Cu3O65+5 and oxides of uranium and tho-
rium through the solid stale route employing
NH4F was investigated. Preparation of new

l-x

vanadium based oxides and molybdenum based
oxyfluoride complexes for possible use as super-
conductors was initiated. Thcrmophysical studies
were carried out on BiCaSrCu2Ox, LaBa2Cu3Ox

and mixed oxides of the type CuCr
AxOy(A=Mg,Ca,Sr,Ba and x=0.25).

1.18 Cold Fusion

Several research groups in BARC have
devised and set up experiments to verify the
cold fusion phenomena and all these groups
working independently of each other have now
confirmed the occurrence of cold fusion reactions.
The first neutron burst indicative of such reactions
were detected at Trombay on 21st April 1989 in
two separate electrolytic cells. A consolidated
report summarising the BARC studies in cold
fusion upto end of September 1989 has recently
been published (BARC Report No. 1500 dated
1st December 1989).

The most important result to emerge out
of the Trombay measurements is that the pri-
mary product of d-d reactions is tri-tium rather
than neutrons. The yield of tritium is found to be
over a million limes higher than thai of neutrons.
The BARC experiments have also shown that cold
fusion reactions occur in metallic samples of Pd
and titanium in which deuterium is absorbed in
the gaseous phase. Further studies are continu-
ing to understand the physical basis of this new
discovery. It may be noted that in view of its
tremendous potentiality to the future of nuclear
technology, studies in cold fusion are being pur-
sued in many countries of the world. Experiments
on clectrochemically induced Cold Fusion of
deuterium were carried out with heavy water
electrolyte and palladium as cathode and platinum
as anode. Data on heat measurements, neutron
emission and tritium production were collected.
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2.1 Basic Chemistry

Basic research in front-line areas of materi-
als science, chemical dynamics, radiation and
photochemistry, molecular beam chemilumi-
nescence, isotope effects, interfacial phe-
nomena, organometallic and metal organic chem-
istry, etc. was carried out. However, consider-
able attention was also devoted to applied re-
search such as development of high Tc supercon-
ducting materials, catalyst development, devel-
opment of other high technology materials, cold
fusion studies, nuclear reactor-related problems,
etc.

The single phase compound, Bi17Pb03-
Ca2Sr2Cu3Ox, with a critical superconducting
temperature (T^ of 120 K was successfully
synthesised. Neutron profile refinement on this
compound revealed some unique features.

The superconducting compounds in the
series Bi2Caj_xYxSr2Cu2O7 (x = 0 to 1) showed
an inverse correlation between Tc and the extent
of oxygen pairing in the Bi-0 layers.

Replacement of strontium (Sr) by latha-
num to the extent of 10% enhanced the Tc from
80 K to 100 K in (Tl/Pb)CaSr2Cu2O8.

A tetragonal superconducting compound
CaBaLaCu3O7 (Tc = 80 K) has been synthesised
and its structural aspects have been studied.

A process has been developed for the syn-
thesis of TI-2223 single phase compound which
showed a record high Tc of 129 K.

The temperature dependence of resistivity
of the superconducting compound YBa2Cu3O7x

above its Tc has been explained as being a
consequence of the reduction of copper 3d-holes
by electrons generated due to the loss of lattice
oxygen atoms, and it can be expressed by modi-
fied Bloch equation.

The first direct evidence for the for-
mation of uranium(v) in the photoreduction of
uranium(FV) in aqueous solution was obtained,
and the optical and electrochemical properties of
the uranium(V) carbonate complex formed were
determined.

Sorption of uranyl ions on hydrous oxides
in presence of sulphate and other anions has
been explained in terms of surface hydrolysis
model on the basis of the existence of a
hitherto unknown hydroxosulphate complex
(UO2)2(OH)2(SO4) in solution.

Based on studies of ion-solvent and sol-
vent-solvent interactions in ion exchange resins
using hydrogen isotope effects in the dehydra-
tion of resins at different temperatures, a mo-
lecular level theory which could explain ion ex-
changer selectivity for alkali metal cations has
been formulated. These results give a better in-
sight into the properties of electrolyte solutions
and, in particular, vapour pressure-isotope
effects in aqueous electrolyte solutions at
different temperatures.

Analysis of thermodynamic data on
iron(ll) compounds, Fe(bt)2 (NCS)2 and
Fe(bt)2(NCSe)2 (bt = 2,2'bithiazoline) which
show discontinuous type of spin state transitions,
and Fe(bts)2(NCS)2 (bts = 2,2'bi (5-methyl
thiazoline) which show continuous type of spin
state transition, suggests for the first time, that
continuous type of spin state transition results
when cooperative interaction between molecules
is weak.

Noble metal based catalysts capable of
retaining their activity in the presence of water
have been developed to facilitate rapid reaction of
hydrogen with oxygen under ambient temperature
and pressure, [or the quick removal of hydrogen
likely to be released in nuclear power plants
under accident conditions involving loss of
coolant.
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Infrared laser chemistry was extended to
sensitised reactions of strained molecules like
ethylene oxide, and surface-catalysed decom-
position of molecules like 1,2-dichloroe thane on
barium sulphate. It was observed, for the first
time, that absorption of CO2 laser radiation by
the catalyst surface induced decomposition of
the adsorbed gas. Investigations on the photo-
chemistry of substituted quinones, and molecular
beam chemiluminescence studies of reactions of
samarium and brominated hydrocarbons have
yielded interesting results.

The reactions of a number of laser dyes
such as coumarins, biological molecules such as
bilirubin, radiation sensitising drugs like phe-
nothiazine, and vinyl monomers with radiolytically
produced primary species and other radicals
were investigated on nano and microsecond time
scales by pulse radiolysis technique. Basic re-
search on heterogenous catalysis in CO oxidation
and hydrogenation reactions, studies on catalysts
developed for the recombination of CO and O2 in
CO2 lasers, radiation damage studies on metals
and alloys, development of coatings for various
applications such as candidate materials for
fusion reactors, superconducting materials, insu-
lating laysers for semiconductor devices, etc. are
being carried out.

A multistream hydrogen monitor to detect
the hydrogen level in excess of 4% in the air has
been successfully designed and fabricated for
Heavy Water Plants.

A gas chromatograph capable of separat-
ing hydrogen and tritium isotopes has been fabri-
cated for use in the production of tritium with
high specific activity.

A scanning Electron Microscope has been
procured and commissioned, which should go a
long way in providing a vital probe for various
surface studies in material science programme,
including radiation damage studies.

Several special and high purity com-

pounds were prepared and characterised, and
supplied to various users for the research and
development activities. The thermoluminescent
phosphor CaSO4:Dy (6 kg) used for radiation
dosimetry was prepared. The import of this
material would have cost about Rs. IS lakhs in
foreign exchange.

During the year, work has been initiated
on (1) adiolytically generated metal atoms clus-
ters, (2) radiation damage studies on candidate
materials for the first wall in fusion reactors, and
(3) studies on cold fusion. Some encour-aging
results have been obtained on cold fusion.

Structural elucidation of alkali metal
monouranates with the incorporation of small
amounts of alkaline earth elements has been car-
ried out with a view to understanding the
chemical state of irradiated fuels.

The characteristics of molecular ions
formed in a spark ion source have been investi-
gated using several matrices including nuclear
fuel materials.

2.2 Applied Chemistry

The most important contribution was suc-
cessful demonstration of electrolytic cold fusion.
In a Pd;Pt/0.1 N LiOD (in D2O) cell charged for
about IS days, neutron emission in several bursts,
initially at" 2 hr gaps and, subsequently at shorter
intervals, was seen.The signal to background ratio
was as high as 2000 and a correlation between the
cathode potential and burst neutron emission was
observed.

Complexes of Al with several monocar-
boxylic acids, viz., glycine, picolinic acid, trieth-
ylene tetramine hexaacetic acid, etc., were inves-
tigated by NMR technique to understand the
stereochemical aspects. Investigations on com-
plexes of Al, Co, Ni, Zn and Fe with 1:1
diphosphonic acid were carried out in order to
understand mechanism of corrosion inhibition by
phosphonates. One of them, viz.,l-hydroxy
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ethylidene 1:1 diphosphonic acid was evaluated
for its potential use as a practical corrosion in-
hibitor.

Thermodynamic studies on both two and
three centered systems were continued.Vapour
pressure measurements on liquid palladium, palla-
dium-platinum, etc., were made using Knudsen
eel I. Phase diagram of the quasibinary system Ag-
TeO2 was studied. Some of these formed part of
'Phase Diagrams Assessment Programme' spon-
sored by the International Commission on Alloy
Phase Diagrams.

Crystal structure of metallo-organic com-
pounds, such as methyl (diphenyl 2-pyridyl
phosphine ) (n2 -2- pyridyl diphenyl phosphine )
Platinum (II) tetra phenyl borate and u- chloro u
ethyl mercapto dichloro bis (dimethyl phenyl
phosphine)di Palladium(II) were elucidated.
Computer codes for easier identification of com-
pounds from JCPDS powder diffraction data
were tested.

Various aspects of macrofouling, marine
biofouling, biofilm formation and microbiologi-
cally induced corrosion were pursued. Investi-
gations on biofouling pertained to settlement
of barnacle cyproids on different metal
surfaces,response of various organisms to chlori-
nation and heat treatment, and microfouling in
coastal waters. Investigations were continued to
be done on water quality of cooling water at
both FBTR cooling tower & MAPP jetty to en-
sure smooth operation of the system.Effects of
chlorination on sea water at Bombay harbour and
at MAPS were studied to determine kinetics of
chlorine uptake.

The sol-gel process used in the preparation
of fuel microsphcres is being exploited to suit the
conventional ceramic technology, and high purity
alpha alumina powder has been prepared. High
temperature yttrium-barium-coppcr oxide based
superconducting ceramic powders were also pre-
pared using sol-gel process.

Diffusion of activated corrosion and
erosion products in steam generator tube mate-
rials and release of 133Xe from sintered UO2

pellets of varying particle sizes were carried out.
pH of aqueous solutions of different acid base
mixtures such as boric acid,lithium
hydroxide.potassium hydroxide, etc at reactor
operating temperatures were calculated from
thermodynamic data available in the literature.
Computation on activity transport
measurements.and experiments on pH potential
response of oxide membranes were continued.
Studies on surface charge characterisation of
nickel turbidity.electrochemistry of Cu(II) species
in presence of 1-dimethyl amino-2-propanol, etc
were also pursued.

A dilute chemical formulation was devel-
oped for removal of radioactive corrosion and
fission product deposits from surfaces imposed
in the PHT system of nuclear reactors. The
efficency of this was demonstrated using contami-
nated metal test coupons withdrawn from the
MAPS-II PHT system.

Investigations were carried out on the
stability of lithium pentaborate decahydrate
from the point of view of its use in NAPP secon-
dary shut down system. The possibility of radi-
olytic generation of deuterium beyond the safe
limit due to air ingress arising because of changes
in operating conditions in MAPS was evalu-
ated. The chemistry control parameters in both
the primary and secondary side of the proposed
500 Mw(e) unit were scrutinized.

2.3 Fuel Chemistry

Laboratory scale studies on the preparation
of advanced fuels have resulted in the successful
development of internal gelation process for the
preparation of thorium oxide based fuel materials
in the form of microsphcres. This process can
also be used for the preparation of mixed thorium,
uranium oxide microsphcrcs. The work on carbon
dioxide gel particles has been extended to mixed
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uranium-plutonium-carbon gel particles which
could be used in the preparation ofMOX pellets.

Additional quantities of 233U metal
required for Kamini reactor have been prepared.

Kinetics studies on the oxidation of UN
microspheres have been carried out under non-
isothermal heating conditions. The formation of
uranium nitride as an intermediate was identified
by X-ray diffraction studies. Reaction models were
suggested to explain the mechanism.

With a view to widening the scope of the
existing methods for chemical quality control of
nudear fueJ materials, a new melbod for the
determination of uranium employing biampcr-
ometry has been developed. Different experi-
mental parameters have been investigated for the
sequential determination of thorium and pluto-
nium from the same solution. Chemical analy-
sis of non-metallic impurities like carbon, hydro-
gen, oxygen and nitrogen and total gas content
has been carried out routinely on fuel materials.

Preliminary investigations confirmed the
feasibility of using rubidium uranium sulphate as
a chemical assay standard in nuclear materials
accounting and chemical quality control pro-
gramme. A statistical evaluation of the standard
for assigning a value of the uranium content is
underway.

The recently upgraded facility of thermal
ionisalion mass spectrometer coupled with vari-
able multicollector system has been used for the
determination of isotopic composition and con-
centration of a number of elements including B,
Zr, U and Pu. Methods have been developed
for the precise and accurate determination of
trace amounts of uranium in pure plutonium ox-
ide and also of zirconium in U-Al-Zr alloy fuel
samples. Quantitative determination of 233U in
the slag obtained after the fabrication of 233U
fuels has been carried out for material accounting.

The multielcmental analysis facility of

spark source mass spectrometer has been used
for the determination of trace amounts of boron
in special steel samples used as reactor materials.
Trace constituents, particularly boron in 233U
fuel materials, have also been determined using
this instrument.

24Opuy239pu a l o m r a t j o j s rCqUj re (i for

thc determination of plutonium concentration
by isotope dilution alpha spectrometry (IDAS)
and is generally determined by thermal ionisation
mass spectromctry (TIMS). With an objective to
obviate the need of TIMS for ^ P u / ^ P u atom
ratio, experiments have been carried out using
the recently introduced passivated ion im-
planted detectors (JPE) for high resolution
alpha spectromctry for resolving the close lying
alpha energies of 239Pu (5.155 MeV) and 240Pu
(5.168 MeV). The preliminary results obtained
are encouraging and these 1PE detectors ap-
pear promising for resoiving other close lying par-

233 234 ^ 241p p g g yg
ticle energies of 233U, 234U, ^ P u and 241Am.

Investigations on the uptake of pluto-
nium from alkaline carbonate/bicarbonate media
by organic/inorganic ion exchangers have shown
encouraging results indicating the feasi-bility of
removal of plutonium from aqueous carbonate
streams of reprocessing plants.

Plutonium recovered and purified from fuel
fabrication scrap has been converted to fuel
grade oxide through oxalate route for recycling.

Information on inventory and distribution
of nuclear materials like plutonium, uranium
and nuclear pure thorium is collected from vari-
ous DAE facilities and stored in a dedicated com-
puter, and monthly Inventory Status Reports from
the database are prepared.

A quality control study of the data per-
taining to 0.2% yield strength and percentage
total elongation for zircaloy cladding tubes for
BWR fuels were carried out using control chart
technique s and some recommendations were
suggested.
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2.4 Radiochemistry

Investigations were carried out in basic nu-
clear chemistry with charged particle beams from
the Variable Energy Cyclotron at Calcutta and
the Pelletron at Bombay.

Isomeric yield ratio of iodine-132 (mcta-
stable and ground state) has been determined
radiochemically in the helium ion induced fission
of uianium-238 at various energies and (he frag-
ment angular momentum has been found to in-
crease with increasing input excitation energy and
angular momentum. In alpha-particle induced fis-
sion of uranium-233, measurement on angular
distribution of fission products with respeel to
alpha particle beam direction has helped in under-
standing the stage at which the mass division of
lhc fissioning nucleus is decided.

Fast radiochemical separation methods
developed for Xe. Ba and Cc fission products
were utilized to obtain the fractional cumulative
yields of n 7 '1 3 9Xe, 1 W 4 2 B a and '4f'.'47Ce in
the spontaneous fission of -s2Cf providing data
on different parameters of charge distribution.
The lime of descent from saddle to scission was
found to increase with increase in the fissility
parameter.

The ratio of the level density parameter for
fission to neutron evaporation channels was
obtained by the study of mass distribution of 232Th
as a function of alpha particle energy.

Fission cross sections of 197Au with 40
McV, 50 McV and 55 MeV helium ions were
measured by the 'Fission Track' technique as a
part of experiments to measure fission barriers
and fragment angular distribution over a wide
range of angles (18° 'o 90"). The values for the
fission cross sections obtained by this method were
187, 2190 and 3195 microbarns respectively,
which agreed well with the earlier results.

The oxidation states of fission products of
I, Te, Tc, etc., formed in the spontaneous

fission of ^^Cf in different stopping media,
were studied using radiochcmical separation
methods. Fission products formed directly in fis-
sion were found to be more in reduced form.

Experiments were carried out to determine
fission barrier heights and angular distribution
of fission fragments in the fission of lighter
elements in the iare earths region (which are
deformed nuclei in the ground states). Reliable
and accurate measurements of fission barrier
heights in the lighter elements help in the under-
standing of the systematics of the fission process
within the framework of the liquid drop model.

Preliminary experiments were carried out
on the measurement of fission cross seclion and
angular distribution of the fragments formed in
the interaction of 175Lu and U>O ions of energies
81, 85 and 91 MeV. The angular distribution
was measured over the range of laboratory
angles from 17° to 90°.

A systematic study of the detector CR-39
was carried out to determine the dependence of
bulk etch rale (Vb). track etch rate (V,) and the
alpha/fission branching ratio of 2S2Cf on the
gamma dose in the range of 0-53 M Rads. Vari-
ation of track densities of fission fragment tracks
and alpha particle tracks in the detector with etch-
ing time was also studied for both gamma
irradiated detectors and unirradiated detectors.
The results indicated that etching time for the
development of the fission fragment tracks in
gamma irradiated detector is considerably
reduced as compared to the unirradiated detec-
tor. Gamma irradiation of CR-39 tends to increase
the alpfv> to fission branching ratio of ^ C f from
the expected value of 32. This is most probably
due to the reduction of fission track density as a
result of enhanced bulk-etch rate of the gamma
irradiated detectors.

A fast slow coincidence setup was deve-
loped employing two 1.5"xl.5" Nal(TI) detectors,
fast pholomultiplier tubes and associated electron-
ics having a resolving time of 0.84 nanosecond for
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the 511 keV annihilation gamma lines of 22Na.
The time differential pertubed angular corre-
lation (TDPAC) of Hf-EDTA complex was stu-
died at room temperature as well as after heat-
ing the complex to 160°C to reveal the nature of
chemical change that takes place during the eva-
por-ation of 3.6 moles of water per mole. The
electric field gradients in both the cases were
found to be same, showing that the immediate
surrounding of the Hf nucleus remained un-
changed.

Doppler broadened annihilation radiation
(DBAR) spectra have been measured as a func-
tion of temperature from 77K to 300K for
several high Tc superconductors, namely, single
phase YBCO, single and" mixed phase Tf-Ca-Ba-
Cu-O and Bi-Ca-Sr-Cu-O compounds. The tem-
perature dependent parameters extracted from
the DBAR spectra respond to a change at the
onset of superconducting transition. The obser-
vations point to the involvement of oxygen
valence electron in superconductivity. The solvent
extraction of uranium (VI) and plutonium (IV)
with long chain diallcylamides and a branched
chain sulphoxide have been studied with a view to
using it for reprocessing irradiated fuels. The
actinide species extracted by Bis (2-ethyl hexyl)
sulphoxide were found to be disolvates and the
reactions to be enthalpy stabilised.

The formation of two complexes,
UO2(H2PO4

+) and UO2(H2PO4)2 has been
established, the latter for the first time, in the
study of the complexing of uranyl ion by phos-
phate in aqueous solutions.

EPR and TSL studies were conducted
on a variety of gamma irradiated solids con-
taining uranium, like K2UO2(SO4)2.2H2O,
Rb2UO2(SO4)2.2H2O, U4*:LiF, U**:UYF4,
U^LiNbOjand UO22+:CaSO4. These studies
lead to the identification of electron/hole traps
and their role in thermally stimulated lumine-
scence processes.

EPR studies have been initiated on the

mixed compound of RbH2PO4 and NH4H2PO4

with 1% NH4H2AsO4. On gamma irradiation,
paramagnetic AsO4

4" was produced and it was
used as a probe to investigate the dielectric glass
phase of the (Rb-NH4)H2PO4. The EPR studies
have clearly demonstrated the presence of a fluc-
tuation in the glass phase washing out the proton
super hyperfine structure that was observed in the
respective 'pure' compounds. EPR studies were
also conducted on the phase transitions in KO2 by
monitoring the EPR of O^'.

An ETA-AAS technique has been deve-
oped for determination of trace amounts of
uranium in plutonium solutions without prior
chemical separation of the major matrix. Deter-
mination of p/ufonium at trace concentration
levels has been carried out by ICP-AES technique.
Chemical separation procedure using solvent
extration methods for the quantitative separation
of rare earths from ThO2 have been standar-
dised. The systems used for extraction of
thorium are 0.1M HDERP/Xylene/4M HC1 and
0.5M TOPO/Xylene/6M MCI. The quantitative
extraction of thorium into organic phase was es-
tablished by optical emission system. Aqueous
phase containing rare earth impurities was analy-
sed by both D.C.arc^AES and ICP-AES
methods. The methods developed are found to
be suitable for determining rare earths, viz., La,
O?, Dy, Er, Eu, Gd, Ho, Lu, Sm, Tb, Yb, Sc and
also Y in thoria samples by AES methods.

2.5 Analytical Chemistry

The electrochemically catalysed fusion of
deuteron in metal lattices was intensively inves-
tigated using different materials for the cathode.
Three aspects of the phenomenon were examined:
(i) generation of excess enthalpy, (ii) production
of tritium and (iii) production of neutrons. Con-
troller calorimetn'c measurements indicated a 70-
80% excess heat generation in the Palladium-
Platinum cell as opposed to the Platinum-
Piaiinum cell using Q.1M LiOD as thceteclro-
lyte. Extended electrolysis with current pulsing
showed significant tritium generation in some
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cells with Pd cathodes,but no tritium was found
in cells with titanium or titanium-nickel memory
alloys.Measurement of neutron emission from
the cells was monitored through 6Li scintillation
as well as 3He detectors and through capture
gamma rays of gadolinium, with the HPGe and
Nal(Tl) detectors. The neutron emission rates
were very low, with occasional 'bursts'. The
results indicate that the tritium channel is
favoured over the neutron channel, with the trit-
ium to neutron branching ratio of the order of 108.
Tritium production was established in the same
electrode on three successive occasions after
the electrodes wore cleaned and recondi-
tioned and the tritium enhancement varied from
104 to 10.

Characterisation of precursors of super-
conducting oxides by Thermogravimetry and
Differential Thermal Analysis established the
presence of carbonates and basic carbonates
in calcium-barium-copper-oxygcn compound and
ytlrium-barium-coppcr-oxygcn compounds at
levels not detected by X-ray diffraction, through
quadrupolc mass spectrometric measurements of
the evolved gases.

Problems that have been referred for inves-
tigation and dealt with include (i) determination
of boron in heavy water for NAPP, (ii) measure-

ment of moisture in steam entering the turbine
from the point of efficiency and corrosion, (iii)
analysis of structural materials for Heavy Water
Project, Hazira, to help establish the cause of
failure, (iv) gas chromatographic estimation of dis-
solved gases in transformer oils, of carbide car-
bon in A1N, He content in poison rods and hydro-
carbons, helium, carbon dioxide and carbon
monoxide in natural gas.

Developments in analytical methodoliges
include : Preconcentration and determination of
Cr(VI) at ppb levels by ion exchange adsorption
and reflectance spectroscopy; determination of
hydrogen peroxide at 1-100 ppm by electro-
chemical method; determination of ppb levels of
zinc, aluminium, vanadium in high purity gallium
by spcctrochemical methods and separation
methods for magnesium from high purity
aluminium and fluoride from natural waters.

The work on the construction of the
major facilities at the National Centre for
Compositional Characterisation of Materials,
Hyderabad, has been initiated following the
demarcation and isolation of the area and
ground breaking in early September 1989. The
experience gained from the clean laboratory mod-
ule set up at Trombay has been incorporated
into the facilities of the ultra-clean laboratory.
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Ill MATERIALS & MATERIALS SCIENCE

3.1 Heavy Water

Pilot plant for detritialion of reactor heavy
water by chemical exchange-cryogenic distillation
is ncaring completion. All the critical equip-
ments for this lest facility have been fabricated
and performance-tested. Safety related equip-
ment and the containment for radioactive parts of
this plant are being tested.

The multipass absorption cell for laser
isotope separation studies, designed and fabri-
cated in BARC. yielded a maximum optical path
length 32 •. -cs its fundamental length. Pulsed
UV beam from excimef laser pumped dye laser
was utilised to conduct !<iser isotope separation
studies on formaldehyde in this cell leading to
high enrichment factors.

The pilot plant for production of high
purily hydrogen sulphide gas by direct reaction of
hydrogen and molten sulphur over a suitable cata-
lyst was operated smoothly over extended periods
of time. SS 446 was found to be quite suitable
material for the construction of the reaction
vessel.

Kcconccnlration plant at BARC has been
operating smoothly and the downgraded heavy
wa\cT from Dforavn ami Cnxts Tenctars has been
treated and upgraded to required concentrations.

The Heavy Water Upgrading Plant at
Narora. based on vacuum distillation and con-
sisting of two independent units, has becn.-uc-
cessfully commissioned, Including this, nine such
units have been commissioned and are under op-
eration in the country, utilising the high effi-
ciency tower internals which have been fabricated,
activated and performance evaluated at BARC.
All these plants are operating as per design intent.

Preparation and supply of various chemi-
cafc lahelted with deuterium in the tequitcd con-
figurations were continued for different users in
the country and abroad.

Experimental studies to investigate the cold
fusion phenomenon, utilising various electrodes
in different clectrolyscr cells were carried out.
Studies on the loading of deuterium on various
metals and alloys in different shapes have also
been conducted. In-depth studies of the results
obtained arc under progress.

3.2 Rare Earths and Other Materials

In continuation of the research programme
on separation of rare earths, new processes based
on solvent extraction technology have been devel-
oped for production of high grade yttrium,
dysprosium and ncodymium oxides. The processes
are undergoing trials at Indian Rare Earths Ltd.,
Alwaye.

Based on Ihe solvent extraction technique
developed earlier, a techno-cconomic feasibility
report has been prepared on recovery of uranium
from phosphoric acid at FACT. Cochin. A perma-
nenl pilot planl to study all aspects of this tech-
nology is being set up jointly by BARC and
FEDO at FACT-Cochin Division. Phosphoric acid
produced in the country is estimated to give over
1(X)MT of uranium oxide every year, and. hence,
[he technology developed has a great significance
to nuclear energy programme. In this process,
nne of the Tcagcrrts used, dietVryftiexjrt phosphoric
acid, is currently being imported. As an import
substitution programme, a method for preparing
Lhis solvent has been developed in the laboratory.

A new solvent extraction process for
recovery of uranium from w'tro-phos acid pro-
duced by fertiliser unit at Trombay has been
developed in the laboratory.

The expertise in the field of metal separa-
tion using solvent extraction technique is being
made available to other industrial organisations
in the country. A process to recover niobium
and lanlaUun ft«m cutting tool swap isbeing
finalised for a major industrial organisation near
Poona. This programme will help conserve scarce
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material which is imported at high cost.

Studies on the recovery and purification of
uranium, lithium and helium gas and preparation
of stable isotopes, fluorine gas, labelled com-
pounds, scintillation chemicals and carbon spe-
cialities were continued,

Studies on the eleel- ytic decomposition of
nitric acid employing lead oxide coated graphite
and titanium anodes were completed. Work on
separation of hydrogen isotopes during decom-
position of sodium amalgam is in progress. A
separation factor of eight has been achieved.
Design and engineering work undertaken for the
new thorium pkint of }RE Vrc» boat tomptetcvl.
Assistance was given to IRE in the preparation
of lender sepcillcatioiis and procurement of
various equipment components and instruments
required for the proposed plant. Work has been
initiated for determining the feasibility of produc-
ing uranium oxide powder with high flowahility
by Ihe Ammonium Uranyl Carbonates (AUC)
route.

Work on the development of an electrolytic
fluorine cell for the production of fluorine gas is
in progress. The large fluorine cell with im-
proved design parameters was operated satisfac-
torily awl U\c (famine gas. produced wax utilised
for the production of melal fluorides. The
operation of the pilot plant lor the production of
scintillation chemicals PPO and POPOP was
continued to meet the increasing demand of
the nuclear power plants and other research
organizations. The production and supply of
plastic scintillator blc»cks arc also continued.
Studies arc in progress to develop various carbon
products for specialised applications.

Production of cpoxy bonded .samarium-
cobalt (SrnCo,) permanent magnets was contin-
ued and a large number of cylindrical magnets 10
mm diameter x 10 mm height have been pro-
duced to meet the internal demand. Gimpac-
tion studies carried out using small amounts of
binder have demonstrated the possibility of pro

ducing strong green magnet compacts at consid-
erably lower pressures ol 40-50 1st. Significant
progress has been made in the process develop-
ment for yttrium metal, and calcio thermic reduc-
tion of yttrium chloride in presence of a low melt-
ing cutcctic and magnesium followed by pyrovac-
uum treatment at 900° C in a dynamic vacuum of
2 x 10"5 mb has been found to yield the metal well
separated from the slag in sponge form.

3.3 Metallurgy

Production of boron carbide was continued
and over 25 kg of graded powder having a bulk
density of more than 1.6 gec has been supplied
for fabrication of TAPS CVHATVA TOVJ Wades.
A new product "polyhoron", containing 3-5%
boron in the form of boric acid in a low density
polythene (LDPE) matrix, has been developed
employing two principal steps: (i) mixing of
LDPE polythene granules with boric acid powder
at approximate 100"C. and (ii) hot pressing of the
blend in a mild steel mould to required shape.
There is a large demand for polyboron for neu-
tron shielding application. For the preparation of
boron metal powder, a new process has been
developed involving clectforelining of boron
carbide anode. The product has a purity belter
than 98% and is ground to a size range of 0.7-
tt.9 vm bctwe. use. The baton powder thus pro-
duced has been evaluated at the Ordnance
Factory, Punc, and found suitable in the prepara-
tion of a pyrotechnic formulation used in target il-
lumination.

Work on the preparation of fine cobalt
metal powder (-1/ pm) by first converting the
sulphate salt to oxalatc and then reducing the
oxalalc with hydrogen at 630°G was continued.
Plans arc under way for large scale production of
cobalt powder as well as vanadium required in
the preparation of Permcndum magnet alloy (Fc-
Co-V) for use in CANDU reactors. Work is also
in progress on the recovery of nickel values from
the indigenous lalerites add of miobium and
tantalum values from the tungsten carbide scrap
generated in the industry. The first trial run on



the extractive distillation for separation of zirco-
nium and hafnium from their mixed chlorides has
been successfully conducted. The chloride feed is
prepared in a 100 mm dia electrothermal fluidised
bed reactor set up for the purpose by direct
chlorination of zircon mineral in presence of
carbon in the temperature range of 1150°C-
1200°C. After an elaborate purification step, dis-
tillation is carried out in a 13-stage separation
column employing the countercurrent technique.
Molten KC1-A1C13 salt mixture is fed from the top
of the column and, as it travels downwards, it
comes into contact with the ascending vapours
of mixed zirconium/hafnium chlorides. Owing to
higher volatility, HfCl4 is collected in the top frac-
tion, while ZrCl4 is retained by the salt as it flows
down to the reboiler. Progressive separation of
hafnium from zirconium is achieved in a conti-
nuous operation. The extractive distillation proc-
ess has distinct advantages such as fewer steps,
higher efficiency and cost effectiveness over the
conventional alkalifusion - solvent extraction- pre-
cipitation - calcination process scheme presently
employed at the NFC, Hyderabad.

The tin demonstration plant at Raipur,
MP, has been in regular operation and plans
are underway to progressively scale up the pro-
duction to 10 T/y. Work on the preparation of a
detailed project report for the establishment of a
commercial production plant (100T of tin/year) is
presently in progress. An alternate scheme for
tin extraction, involving reduction roasting, acid
leaching and carbon smelting has been investi-
gated and is presently under evaluation for its
commercial adaptabiligy. A new all-metal assembly
was fabricated for the ullrapurification of hafnium
metal, and a bright high purity hafnium crystal bar
(of 12 mm dia) has been successfully test produced
at a filament temperature of 130v>>-1400oC from a
lot of crude metal maintained at 300°C. Work
on cold rolling of zircaloy sheets was continued
and a large number of cold rolled sheets in
different dimensions were supplied for use as re-
flectors in the Kamini reactor and as spacers for
fuel bundles in TAPS. A major event during the
year has been the transfer of technology for the

production of Al-Zr master alloys to a private
enlreprcnucr. The master alloys are in great
demand in the manufacture of high strength
aluminium based alloys for Defence and Space
applications.

Work on the development of production
and fabrication technology for advanced and ma-
chinable ceramics was carried out Efforts are
currently on to develop mica based machinable
ceramics. Reaction sintering of silicon in the pre-
sence of preformed alpha-Si3N4 in the temper-
ature range of 1200°-1400°C has yielded very
satisfactory results in the fabrication of silicon
nitride ceramic shapes. Injection moulding - a
popular forming technique employed for thermo-
plastic polymers - has been successfully adapted
by a proper choice of plasticizer and powder
characteristics. A composite containing alumina,
partially stabilised zirconia and iron and zinc
metals has been moulded by this technique. Basic
studies on defect structure characterisation, defect
interactions and their influence on charge trans-
port and sintering in ceramics have been contin-
ued. In a typical study, inelastic and dielectric
relaxation measurements and complex plane
impedance analysis were carried out on yttria-
doped ceria single phase (fluorite structure) ce-
ramics. Based on these measurements, an acti-
vation enthalpy of 0.75eV was obtained for the
rcoricntation process of the impurity vacancy
dipoles (Y 'cp-V"^ in the CeO2 lattice, which is
in good agreement with the O2* conductivity
measurements. In the case of partially stabilised
zirconia (PSZ) ceramics, a complex relaxation
spectrum was observed, mainly due to their mul-
tiphase microstructural design features.

The corrosion research mainly involved long
term corrosion and compatibility studies of zir-
caloy and Zr-2.5Nb alloys, s.s., inconcl, nickel and
duplex stainless steels. An important observation
has been the effectiveness of beta-quenching in
preventing the nodular corrosion of zircaIoy-2 in
BWRS. The duplex stainless steel alloy, Fer-
ralium-255, has been shown to have superior sea
water corrosion resistance compared to normal
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stainless steels, because of higher chromium
content and presence of nitrogen in the alloy.
An experimental alloy called 'zirlo' (Zr-lNb-lSn-
0.5Fe) has been taken up for corrosion evaluation,
because of its superior mechanical properties
over zircaloy. In addition, a large number of
specification tests have also been carried out on
various as-received and fabricated components
used in reactors, heavy water and other plants.

In the context of design development of
500 MWe reactors, information has been gene-
rated on the corrosion behaviour of Zr-2.5Nb
coolant tubes in CO2 gas environment in addition
to high temperature aqueous medium. Several
techniques have been investigated for H2-charging
in Zircaloy-2 and the data arc being documented.
Under the Indo-US co-operation programme,
studies on thermo-mcchanical treatment of differ-
ent s.s. grades arc in progress to prevent their
failure due to SCC. Work on clcctrolcss nickel
plating has been continued to produce metallised
ceramic fecd-lhroughs to withstand high vacuum
of the order of 10*9 torr. A facility has been set up
to produce around 20f) such components per
month. Also, hard chrome plating has been
developed on s.s. components used in tray rod
assembly for isotope production in Dhruva.
Work has also been initiated to devekrp corro-
sion and wear resistant Ni-Mo alloy coalings
using a complex citrate bath containing spent
acid molydenum concentrate gcneralcdas by-
product in the filament industry.

3.4 Materials Science

Welding trials were conducted for welding
of Zr-Nb-Cu and Zr-2 components of liquid
zonal control rods. Fabrication trials were car-
ried out for the garter springs of modified designs.

Considerable progress was made in the
development work on fabrication of control rods
and welding of ring type spacers on fuel tubes.
Development work was also carried on the TIG

welding of end plugs for PHWR fuel elements
and thermo-welds.

For DAE units and Outside agencies, vari-
ous material evaluation and specialised NDT jobs,
machining, welding, mechanical forming, pressing,
sintering and other heat treatment jobs were
undertaken against specific requests.

Hot hardness and in turn creep data for U-
57cZr, U-10%Zr and lM5%Zr alloys were
evaluated upto 700°C with a vickers diamond
indcnlor. Noticeable creep was observed
beyond 500 °C. The activation energy of creep
for (J-Zr affoys was found to increase with zirco-
nium content.

Hot hardness and creep properties were
also evaluated for ThO2-UO2, ThO2-PuO2 and
(UPu) N fuels upto 1200°C.

Fracture toughness and fracture surface
energy of UO2, ThO2 and ThO2-UO2 samples
were evaluated from the crack length developed
during indentation beyond a certain critical load.
The data were found to be in close agreement
with what has been reported for these materials
using conventional techniques.

Fatigue properties of sintered UO2 pellets
were evaluated by repealed indentation on a
mctallographically polished sample until it
resulted in the formation of lateral chips. As a part
of FBTR and PFBR fuel development pro-
gramme, thermal diffusivity and thermal conduc-
tivity of U-Zr alloys and (U, Pu)N of both ura-
nium and plutonium rich compositions were evalu-
ated by laser flash technique.

The chemical compatibility between pluto-
nium rich (U.Pu) N, a candidate fuel for
FBTR, and s.s. 316(20% C.W.) cladding was
evaluated by making miaiaiwc helium hmdcil-
capsulcs containing s.s. 316 discs between sin-
tered mononitridc pellets. The compatibility
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capsule was heated to 700° C for 1000 hours. No
major carburisation or nitridation of s.s. 316 clad-
ding was observed, confirming excellent fuel-clad
compatibility.

Four garter springs from channels D8, E8,
E9 and F9 of RAPS #1 were evaluated for
dimensional changes, resioual extension during
loading, mechanical strength and hydriding status.
These springs had an experience of 3.6 effective
full power years (EFPY) of reactor operation
and were found to have satisfactory load bearing
capacity. All the springs were physically intact.
The hydrogen content was typically about 30
ppm and the hydrides were randomly oriented. In
one spring, massive hydride blisters penetrating
3% thickness were observed.

The results of the earlier TAPS pressure
vessel surveillance programme were re-evaluated
as per the latest revision of the ASME Regula-
tory Guide 1.99. The analysis revealed that the
life of the TAPS pressure vessel can be safely
extended beyond its design life of 40 years.

Quantitativity estimation of neutron
induced embrittlement using fracture toughness
method requires irradiation of large sized speci-
mens. To overcome the difficulty involved in irra-
diation of large sized specimens, test procedures
have been developed for estimating static as well
as dynamic fracture toughness using sub-sized
specimens of Charpy V-notch geometry.

Detailed examination of a number of
samples of small arm ammunition brass cups
and strips was carried out to identify the causes
of cup-cracking occurring during drawing. The in-
vestigations revealed presence of internal defects
in the form of inclusions inside the cup material
which were responsible for cup-cracking.

3.5 Desalination and Hydrogen Production

425 m3/day Multistage Flash (MSF)
Desalination Plant has been commissioned after

satisfactory subsystem testing. Performance evalu-
ation of the same is in progress. Performance data
of the 30 m3/day shipborne desalination plant
indicated the achievement of design objectives
and the technology has been made available for
transfer. Tschnoeconomic evaluations were car-
ried out for a 1200 m3/hr dual purpose MSF
desalination plant coupled to the proposed 2 x
1000 MWe nuclear power station at Kudankulam.
Feasibility analysis for a 750 kg/hr thermo-com-
pression based desalination system wascarried out.

The Reverse Osmosis (RO) pilot plant for
low level radioactive effluent treatment was
successfully operated. The test runs carried out
with cellulose acetate membranes indicated that
volume reduction factors as high as 30 could be
achieved. The decontamination factors were
found to vary in the range of about 10 to 14. It was
demonstrated that Reverse Osmosis can give
better decontamination and volume reduction
factors than the conventional processes other
than evaporation which in any case is energy
intensive. In the quest for high performance
synthetic polymeric membranes for radioactive
waste streams and other applications in nuclear
industries, aromatic polyamide type i-embranes
with upto 99.4% solute rejection have been
successfully developed. These membranes exhibit
very good radiation resistance, besides superior
solute rejection and flux characteristics. Large
scale production of the polymer is in progress and
pilot plant studies with these membranes are being
planned. These membranes are also good for
single pass sea water desalting and a shipborne
desalination unit is under construction. A number
of Reverse Osmosis (RO) demonstration units
were fabricated and exhibited at various S & T
exhibits in the country. Work on the develop-
ment of an advanced RO module and setting up of
sea water RO plant is in progress. Training
courses on Water Quality Testing were conducted
for trainees from State Governements under the
National Drinking Water Mission Programme.

The 33 Nm3/hour Hydrogen Plant based
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on advanced electrolysis cells has been com-
missioned after the satisfactory testing of sub-
systems.

3.6 Beryllium Technology

Along with the development of beryllium
technology, production of vacuum hot pressed
(VHP) beryllium metal and copper-beryllium
alloy shapes was continued starting from Indian
beryl. About 3.4 tonnes of Indian beryl was con-
verted in the plant into different products and
intermediates. About 1.7 tonnes of the major
intermediate, viz. ammonium beryllium fluoride,
was produced maintaining the stock pile of about
5 tonnes of the material built up in 1988.

A simple cyclone air classifier system was
set up to study and demonstrate on a laboratory
scale the possibility of separating 10 micron size
beryllium powder, suitable for making instrument
grade beryllium blocks required for space appli-
cations. VHP-beryllium samples produced from
the powder product of this classifier have shown
average grain size (10 microns). Beryllium oxide
content and the PEL values were within the
acceptable range. Based on this experience, a
cone type classifier of larger capacity has been

designed and fabricated and is currently being
commissioned for the production of about 1 kg/hr
of 10 micron size powder.

Besides continuing the production of
coppei-beryllium alloys in the cast form, meth-
ods have also been successfully standardized for
the production of extruded rods of about 20 to 60
mm diameter required by industries in the country.
Billets of copper-beryllium produced in the plant
were successfully hot extruded to rods of about
60 mm diameter. The alloy shapes produced in
the plant were tensile-tested under various tem-
per states and the strength values obtained were
comparable to those reported elsewhere.

3.6 kgs. of VHP-beryllium metal and 130
kgs. of copper-beryllium alloys were supplied to
the Department of Space, 2 kgs. of beryllium
metal and 46 kgs. of copper-beryllium alloys to
the Department of Atomic Energy and about
380 kgs. of copper-beryllium alloys to DMRL
and other industries.

For better safety, various modifications
were incorporated in the design and operation of
a number of process equipment.
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4.1 Radioisotope Production

Radioisotope production in Dhruva and
Cirus reactors were carried out by regularly load-
ing samples for irradiation in the reactors.
About 1000 sample capsules were irradiated dur-
ing the year in the reactors. Major radioactive
material produced included 750 Ci of Moly-
bdenum-99, 375 Ci of Iodine-131, 16,800 Ci of
Irridium-192 and 26 Ci of Sulphur-35. A special
source of 1500 Ci of Antimony-124 was prepared
in Dhruva reactor for incorporation into the start
up neutron source assembly of Fast Breeder Test
Reactor at Kalpakkam.

4.2 Radiochemicals

Under the Seventh Five Year Plan, a spe-
cial project - Dhruva Utilization for Isotope
Technology - involving setting up of handling
facilities for isotopes such as Tritium, Carbon-
14. Iodinc-125, Molybdcnum-99, etc is being set
up. Standardisation of methods for the separation
of ihese isotopes Ls also being completed.

It Ls planned to produce Iodinc-125 by the
irradiation of xenon gas in a speciaf metafile
container under a pressure of about 5 to 10 atmo
spheres. A container for reactor irradiation has
been developed and fabricated and the proposal
for irradiation in Cirus is undergoing safety
analysis.

A new shielded facility for the processing
and handling of I-125 has been set up incorpor-
ating a remotely operated automatic cutting
machine, a cryogenic system, etc.

Feasibility studies on the separation of
carrier free Mo-99 from irradiated uranium by
hyiirocMnrmalion and sublimation technique has
been carried out in great detail. Though the pro-
duct is free from contaminants such as Ru108.
9SZr. 132c. w"°Sr and alpha activity, the level of
I-131 is slightly higher than the permissible level.

In order to eliminate 1-131, experiments are being
carried out using Chelex-100 ion exchanger.

A new production facility for the handling
of fission molybdenum-99 at 1 Ci level is nearing
completion.

Setting up of ;» mini-manipulator cell for
handling Mo-99 upto 10 Ci has been taken up.
Fabrication of various constituent units of this
cell is in progress.

To reduce the personal radiation exposure
while sealing vials containing radioactive solutions,
a pneumatically operated remote capping unit has
been developed and fabricated.

4.3 Radiopharmaceuticals

Prolactin is a single chain polypcptide
hormone secreted by the anterior pituitary gland.
The measurement of proclaim in serum is impor-
tant in the diagnosis and management of patient
with tumor of the hypothalamus, and in case of
women with amenorrhea or galactorrhca. Since
human prolactin in pure form is difficult to pro-
cure, a method of radioiodination is standar-
dised using ovine prolactin which is similar to
human prolaclin. Various factors, viz, tests for
parallelism, precision-profile, blank effects and a
few clinical samples, have been studied. A pro-
tocol for the purpose of routine analysis using
heterogeneous system has been standardised.

The introduction of radio 1-125 steroid tra-
cers has, to a great extent, simplified and ren-
dered practicable the routine clinical evaluation.
In this connection, work has been initiated on (i)
the development of specially synthesised steroid,
intermediates of testosterone, cortisol and estra-
diol for labelling and conjugation to proteins for
antiscra production, and (ii) the development of
tesloMcronc-oxine and testosterone - hemisucci-
natc - conjugates of bovine scrum albumin for
raising antiscra.
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The development of RIA for testosterone
is useful for routine screening for dope tests in
sportsmen, and also to identify the anobolic
effects.

The drugs, clonidirie and theophyllinc, have
been identified for routine screening because of
their narrow therapeutic indices. As in the case
of steroids, the need to prepare intermediate
derivatives such as ocine or hemisuccinate have
been investigated in detail. Presently RIA sys-
tem has been standardised, which includes the
radiolabelling of derivatives with radioiodine and
i&ismg specific anlisera.

Immuno radiomeiric assay methodology
has been worked out. employing both mono-
clonal and polyclonal antibodies. A system based
on high specific activity monoclonal antibody for
HCG and solid phase separation has been stan-
dardised for routine clinical assays.

Enzyme assays offer an alternative method
to RIA. The enzyme methods for estimation of
T4 and T3 have been standardised.

Radioiosotopically labelled antibodies arc
special radionharmaccuucals intended for therapy
as well as imaging. The radioisotopes in current
use for this purpose are Y-90, 1-131, Cu-67,
Rh-105 and Al-211. A production programme
based on generator principles has been standar-
dised for Y-90. The generator is Sr 90/Y-90
system and consists of powcx-50 column. Work
on labelling monoclonal antibodies for HCG with
Y-90 has also been standardised. The critical
factors investigated include the efficacy of
incorporation of Y-90 through clinical bifunc-
tional agents such as DTPA and EDTA. the
radiation stability and formulation details for in-
vivo uses. The optimised parameters are now
available for routine formulation.

Tc-99"1 radioisotopc continues to be the
main stay in nuclear medicine and the develop-
ments are presently aimed at preparing a variety
of compounds with Tc-99m for imaging and lor

dynamic studies. Work was initiated to synthe-
size Tc-99m Sulphonomides and Tc-99m Schiff
bases.

4.4 Tracer Applications in Industry
and Hydrology

In Madras Harbour, bed load transport
studies have been carried out using Scandium-46
labelled glass particles as tracer. The study cover-
ing a period from October 1988 to March 1989
showed that the southward movement of the
bed load sediment during the North-East mon-
soon reverses itself in March, weti before the
sediment from the injection point reached the
shipping channel, proving the choice of the
dumping ground for the dredged silt to be right.
Extending the scope of the tracer study and adopt-
ing a count rate balance approach, the thickness
of the moving bed during North-East monsoon
was estimated to be very small, whereas it was
about 6 cm after the direction reversal.

The salinization and recharge process to the
ground waters in coastal Midnapore was studied
using environmental isotope techniques. Ground-
water samples from shallow as well as deep zones,
wwface waters such as sea tntex, HoogWytvvci
water, etc were collected and analysed for
D, 1**O, 3H, major, minor and Irace chemical
species. The results showed that (i) the salinity
ofgroundwatcrsvery near the coast could be due
to present day sea water intrusion, (ii) salinity of
ground water away from the coast could be due to
post sea water intrusion as well as contributions
from saline rivers (Hooghly, Haldi, etc), and
(iii) the recharge to the groundwatcr in the area is
from the northern path and flow paths could be
delineated using isolritium curves.

Environmental stable isotopes D, 18O used
at Dimbhc dam neat Punc thawed that the tivcr
was the source of seepage water in the founda-
tion gallery of the dam.

A 30 mCi fl0Co was used in the radiomclric
scanning of the main crude fraclionation col-
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iimn at Indian Oil Corporation, Mathura
Refinery, to find out the causes of the malfunc-
tioning of the column. The scanning, which was
based on gamma ray attenuation, showed that all
the trays were in their respective locations and no
flooding was found in the tray system.

The flow rate in the crystalliser draft tube
of M/s Larscn and Toubro Ltd., was studied
under different operating conditions using a
source of few hundred microcurie ^Co embed-
ded in a plastic bead as tracer.

Blockage detection in the Bombay-Punc
product pipeline between HP refinery and
Khopoli was carried out using a 3 mCi MCo
source attached to the pipeline pig. Radiomctric
method using 170/uCi 19^Ir was used to detect
blockages in crude oil furnace pipes at IOC,
Mathura.

The transport characteristics of injection
fluids from the injection wells to the oil produ-
cing wclLs of ONGC at South platform in Bom-
bay High is being studied after injecting 320 Ci
of 3H as tritiatcd water into one of the wells in
Bombay Off-shore. Samples from production wells
arc being analysed for tritium with the help of
liquid scintillation counters.

4.5 Radiation Technology

Methods and techniques for the prepar-
ation of radiochcmicals, fabrication of radiation
sources and appliances, and promotion of their
application in vital areas of indastrial, medical and
other research activities were developed.

The shielding integrity of 1.0 metre thick
concrete wall which acts as a primary structure
for the new WMD facility being built at Trombay
was checked radiomctrically. A number of Cu-Bc
alloy ingots produced in Vashi Beryllium Plant
were inspected radiographically for cavities,
shrinkages, voids and other discontinuities.
An autoradiographic technique is being deve-
loped to check the uniformity of distribution of

cesium-137 activity in a glass matrix developed in
BARC. Development of computerised radio-
graphic system is being taken up. Necessary soft-
ware and engineering design parameters are
being evaluated.

A process has been developed for the radi-
ation degradation of PTFE (Teflon). At an inte-
grated dose of 50-100 kGy combined with a short
heating cycle, teflon yields a product which can be
pulverised easily to particles of 10 microns size.
These degradation products are being extensively
used as additives to greases, lubricants and cor-
rosion resistance coatings.

Design and layout of the multipurpose
gamma irradiator for Defence Laboratory,
Jodhpur, and liquid proccessing irradiator for
the radiation valcanisation of natural rubber latex
at Kottayam have been completed.

In the Electron Beam Accelerator, (a)
many improvements and modifications have been
carried out in the accelerator facility based on the
operational experience gained; (b) air exhaust
system has been modified and a conveyor with
remote control variable speed drive was designed,
fabricated and installed; (c) basic formulation
work for the radiation cross linking of wire and
cable insulation has been identified and trial
irradiations using electron beam has given
encouraging results in the improvement of physi-
cal characteristics like abrasion resistance and
weight to cut through property.

The chemical processing of radioactive
products like 95Zr, fo3Ru, 91Y, 140Ba were
carried out and several consignments given to
user institutions for their use. Development
work was completed for the preparation of cae-
sium borosilicatc glass containing vcrmiculitc for
the absorption of 137G» activities. This is being
used for the preparation of brachythcrapy sources
in the new facilities set up. The irutall-ation of
the facilities for the fabrication of cesium-137
brachythcrapy source and other industrial source
is completed. Trial runs arc in progress and
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regular fabrication and supply of these sources SHRI project facilities is nearly complete. The
are slated to commence soon. plant has been cleared by AERB for operation.

Dose distribution studies in the irradiator and
The installation and commissioning of the sludge recirculation system are in progress.
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5.7 Reactor Engineering

The main thrust of the R & D programme
in reactor engineering continued to be towards
generation of design information and design
details for the 500 MW(e) PHWR as well as for
fuel handling system of 500 MWe PFBR, tech-
nology development for repair and maintenance
activities of operating reactors and ongoing safety
research.

As a part of programme for indigenisation
of various equipment and hardware, a number of
components were tested under simulated high
pressure and high temperature conditions similar
to power reactors. Notable among these are the
sixth Fuelling Machine for Narora Atomic Power
Project, high pressure couplings used in cool-
ant channel feeders, high pressure and high tem-
perature nuclear valves, special filters, etc. Some
of the components of Fuelling Machine have also
been evaluated through specially designed tests.
These are modified balls screw with external cir-
culation, various types of high torque low speed
motors, water lubricated bearings, side stops,
fuel transport shuttle, etc.

A number of new designs of hardware were
evolved and tested out for checking their per-
formance. The magnetic coupling which enables
position of Fuelling Machine Ram-C to be mea-
sured without the need to penetrate the pressure
housing was developed as a replacement for the
failure prone Ram-C potentiometer. A modified
design of jig-saw panel which is used as thermal
insulation barrier on the reactor face of PHWRs
has been worked out with a view to minimise the
manrem required for removal and reinstellation of
these panels while attending to any work con-
nected with coolant channels. A modified design
of garter spring using inconcJ x-750 which can
be used as tight-fit garter spring for the coolant
channel has also been evolved. This design has
been optimised to keep the burnup penalty to
minimum.

In addition to the work on hardware
required for reactors, a number of items for
use in other R & D programmes have also been
developed. Notable among these is the gas gun
facility which has been completed for carrying out
studies under high pressure. The facility would
also be used for study of high speed impact pro-
blems. The design of vacuum shroud for cold neu-
tron guide tubes was finalised based on the feed
back obtained on mock up, and final fabrication
drawings were cleared for their manufacture. A
new design for the scintillation counter drive
has been developed for improved maintain-
ability on light shutter module and is being
integrated with the working prototype of this
drive. A pick pellet module has been designed for
nuclear fuel complex as a part of drive to intro-
duce automation in fuel fabrication plant. Con-
siderable engineering support was provided for
indigenous manufacture of turnstile gates for
access control at nuclear installations.

The problems faced with the secondary shut
down system at Narora were investigated in a full
scale mock up. The design data for the secondary
shut down system for 500 MWe PHWR was gen-
eraied in terms of discharge rates, growth of jets
and spread angle in a facility specially built for
the purpose. This data is being analysed for
working out the final optimum configuration
which would be qualified on a full scale mock
up. The reactivity worth calculations corre-
sponding to the observed black body growth are
also being done in parallel using a code which has
been specially developed for this purpose. The
design of fuel handling system for 500MWe
PHWR was finalised taking into account the feed
back from operating stations. The detailing is
currently in progress. The conceptual design of
the fuel handling system for prototype fast
breeder reactor was revised and finalised. The
detailed design work of components like Ramps
tilting mechanism and transfer pot have been
completed for 500 MWe PFBR.
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Work related to design of shipping cask for
transportation of radioactive substances was
taken up and a shipping cask for trans-
portation of irradiated antimony oxide capsule
has been completed. A drop test facility for impact
testing of shipping casks has been designed for
Board of Radiation and Isotope Technology. In
order to augment the capacity for testing fuelling
machine for 235 MWe PHWRs, an additional
Fuelling Machine Test Facility has been con-
structed. Testing of the machine on this facility
would be taken up soon. A detailed analysis of
Fuelling Machine mounted on supports along with
coolant channels mounted on calandria end shield
structure has been initiated for assessment of
safety under earthquake conditions. This problem
is being handled through a number of different
analysis packages. Some initial calculations con-
sidering the in-line movement of coolant chan-
nel and fuelling machine have been completed.
Another area which has been studied in detail
relates to behaviour of reactor building under
earthquake loading. Aspects like uplift analysis
of reactor building raft, detailed analysis of
internal structures considering stochastic loading
have been studied. Instability analysis of end
shield diaphragm, seismic analysis of fuel transfer
system, impact analysis of fuel transfer cask and
racks have also been completed. Elastoplaslic
analysis of seal disc has also been done.

A zero clearance rolled joint has been
developed for joining Zr-2.5% Nb alloy pressure
tubes to stainless steel fittings. Tooling and equip-
ment for carrying out assembly of such zero
clearance roiled joints during site installation
work have been developed. This procedure will
be used at KAPP-2 for the first time. The con-
ceptual design scheme for a semi-automatic re-
mote operable coolant channel replacement ma-
chine has been worked out. Different subsystems
of this machine arc in various stages of develop-
ment.

A preliminary physics feasibility study for
an advanced heavy water reactor has been
carried out. The motivation for studying this

system is to arrive at a reactor design which could
extend the thermal reactor phase to well beyond
10,000 MW programme utilising minimum pluto-
nium inputs. It is envisaged that this reactor
would run on thorium and would have a number
of features for improved economics and safety. As
a part of initiating plutonium recycle in some of
the PHWR units, a scheme to change over the
existing core to thorium once-through refuelling
mode has been worked out and is being detailed
further.

Irradiation testing of fuel pins to prove
out various new manufacturing techniques has
been taken up. A detailed programme for
improved utilisation of inpile facilities has also
been drawn up.

One of the most important contribution
during this year was towards rehabilitation of
both units of Madras Atomic Power Station
which had suffered considerable damage to the
moderator inlet manifolds. A detailed review of
the condition of the two reactors was made using
data available from remote micro-video inspection
which was specially engineered in the shortest
possible time. A special remote tool was devel-
oped which had the capability to relocate the
debris parts into a region away from the main
flow. The units were restarted after modifying the
moderator inlet piping so as to enable entry of
moderator through the old outlet manifold and its
exit through the dump ports. Detailed investi-
gations were necessary to understand the thermal
hydraulic behaviour in the new configuration.
Investigations were also carried out to assess
structural design of both inlet as well as outlet
manifold with a view to understand the mecha-
nism of failure of inlet manifold and to regain con-
fidence on the safety of outlet manifold. After
observing the performance of the units at 50%
power for some time a re-evaluation of the ther-
mal hydraulic parameters was carried out with a
view to assess feasiblity of further increase in
power that can be achieved. As a result of
detailed experimental and analytical studies, it has
been possible to increase the reactor power to
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75% full power and both units are steadily oper-
ating at this power at the moment. A detailed
plan of action for the permanent rehabilitation of
these units has been drawn up. The design of
moderator inlet spargers at the lower end of the
calandria has been worked out in detail alongwith
all other associated development activities. The
actual work at site would be taken up depending
on the availability of the units for this work as it
is expected to involve an outage time of around 3
months.

In the light of the experience at MAPS,
vibration monitoring has been carried out at
RAPS to assess the condition of moderator
manifold. It is inferred that the moderator inlet
baffles in RAPS are likely to be in reasonably
good condition.

The 3 MW Boiling Water Loop which
was commissioned earlier operated well during the
year, and extensive loop characterisation tests
were completed. As a part of the design support
of 500 MW reactors, pressure drop studies for
measurement of pressure drop across junction
between two fuel bundles as well as pressure drop
in the fuel locator with different configurations
were completed. With a view to assess the safety
of fuel during fuel transfer operations, steady
state temperature analysis for 500 MWc PHWR
spent fuel during dry transfer was carried out.
A test was carried out at NAPP-1 to confirm the
effectiveness of thcrmo-syphon cooling mecha-
nism in removing heat from the core at low pow-
ers.

Analysis of heat removal capability of steam
generators for NAPP with reduced secondary
inventory was carried out using computer code
RELAP4/Mod 6. Analysis was also carried out for
conditions of station black out for NAPP reactor.
Pump start up transient analysis was also carried
out for NAPP using RELAP4/Mod 6. Pretest
analysis of loss of feed water transient test in
SPES experimental facility in Italy was completed.
The predicted results have been sent for compari-
son with the actual lest data. The experimental

programme in the area of thermal hydraulics is
being continuously augmented. Design and
development of directly as well as indirectly
heated fuel rod simulators have been persued.

The probabilistic safety assessment level I
study of a standardised 235 MWe PHWR has
been carried out-This study has revealed that the
core damage frequency of a PHWR is towards
the lower end of the spectrum for range of these
values for various reactor systems. This work is
being extended to other reactors as well as
towards development of systems for impioved
operator support. A detailed programme of
development of PSA work has been identified.

Following special components were fabri-
cated and supplied : 4 B4C control blades for
TAPS, 5 liquid shut off rod assemblies for
NAPP-II, 7 mechanical shutoff rod assemblies for
KAPP-I, 11 Zr-2 guide tubes for mechanical shut
off rods for KAPP-I, replacement of wire rope
assemblies in 9 Initial Accelerating Spring Ass-
emblies received back from NAPP-II and nitriding
of 4353, 17-4 PH SS components for NPC.

Dis-assembly of 2 MW inpile loop at Hall-7
has been completed and installation of piping
system and equipment at Dhruva has been
started. Design of 2 MW inpile loop auxiliary
systems was completed and their fabrication is in
progress. Loop design manual and report on out-
of-pile commissioning of the loop at Hall-7 was
prepared and submitted to Reactor Safety Com-
mittee. Safety analysis of the loop at Dhruva is
being done. The causes for higher level of pump
vibrations and its damage were identified. Nece-
ssary modifications of the pump arc being done.

Loop piping and equipment layout at
Dhruva has been prepared. Fabrication of equip-
ment and procurement of instrumentation is in
progress. Loop design and safety report is
being prepared. Fabrication of buggy and buggy
drive mechanism for X-ray inspection facility for
Dhruva irradiated fuel is ncaring completion.
Preparation of site for its installation in storage
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Manipulator used for relocation of loose debris pieces in MAPS
reactors

MAPS calandria model for moderator flow field studies



Interaction of multiple jets for development of liquid poison injection system for 500 MWE
PHWR

Maximum stress distribution in MAPS calandria manifold subsequent to failure centre
support bolts.



block at Dhruva is in progress. Fabrication of
shield blocks is in progress.

Cold/hot commissioning of instrumentation
controls for High Temperature Loop was carried
out. Instrumentation and control for renovation
of Fuelling Machine Test Facility in Hall No. 3 is
in ar< advanced stage of installation. Instrumen-
tation and controls for a number of small experi-
mental test facilities used for the development
works pertaining to 235 and 500 MWe power
reactors were completed.

Performance evaluation of XLPE and PVC
cables for life time integrated dose of 70 mega
rads and seismic qualification was carried out.

5.2 Reactor Analysis

A full scope training simulator developed
indigcncously based on the RAPS system has been
installed at Nuclear Training Centre, Kola.
Models have been tested for full range of opera-
tion for start up, run up to full power and shut
down. Several transients like load rejection, re-
actor trip, turbine trip, station islanding, etc. have
been successfully demonstrated.

A code for studying prcssuriscr transients
has been developed incorporating bubble rise and
condensation of water droplets.

To calculate nuclear heat generation in re-
actor components of PHWR reactors, a computer
code based on Point Kcrnal Build-up factor tech-
nique has been developed and tested.

The temperature transients in the hottest
reactor channels and loss of coolant accident con-
ditions with emergency core cooling system oper-
ations have been analysed including the
regimes of level stratification in the channel.

Actual flow and velocity distribution in cool-
ant channels for the 500 MWc PHWR system for
diffcicnt pump operations, combinations as well

as hot shut down conditions have been worked
out.

Taking advantage of the commissioning of
NAPP Unil-1, low power physics experiments
have been planned and successfully completed.
Data obtained will also help in validation of the
codes developed which can be extended to 500
MWe systems. A new concept of sector symmetric
fuel reload pattern for Tarapur reactors has been
developed. Core physics design for 1000 MWe
units with use of a burnable poison and low leak-
age has been evaluated.

Development of seismic analysis techniques
have been continued. Ground motion, response
spectra, response spectra compatible time history
have been generated for specific sites. Besides,
compatible spectra and spectral density for strong
motion have been generated for reactor sites and
statistically analysed.

53 Experimental Reactor Physics

Procedures for physics-related measure-
ments during commissioning of NAPP-1 as well
as their results after commissioning were scruti-
nized in detail. Technical reports on features
of the measurement programme, on some of
the observed data during the measurements, and
on error estimations were also prepared for
Design and Safely review of the reactor.

A microprocessor-based system was deve-
loped and used at the site for on-line surveil-
lance of neutron population during the first
approach to critical and other startups of NAPP-1.
This system was geared to predict critical boron
concentration during the course of boron removal,
to provide information on the lime rate of change
of neutron population subsequent to every step
removal of boron, and to measure reactor period
when the reactor goes just beyond critical. The
microprocessor system was also used for recording
other data and for quick analysis by inverse kinet-
ics method of the data generated in rod drop tests.
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Axiaf flux distributions were measured in
an empty channel of NAPP-1 for five configur-
ations of control rods. Three copper wires were
strung along the channel for each configuration,
and after irradiation and removal, both gamma
and beta activities were determined along the
wire by means of an automated system which used
microprocessor control both for the wire move-
ment by stepping motors and for data recording.
These measurements at site were later supple-
mented by irradiation in Apsara for firming up
dead time and decay corrections, for abstracting
contributions from portions of wire on cither side
of the segment in front of the collimatcr, and for
the effect of the spooled portions of the wire.
Calibrations have also been made at Apsara for
converting count rates into absolute flux.

Technical aspects were considered with
chemists of NAPP silc for on-line measurements
of boron concentration in moderator using
chemical method and compared with the physics-
based method using neutron absorpliomctry
which is also being developed. The absorpti-
omctry method has some disadvantage in applica-
tion to PHWRs, since, for comparable sensitivity
for different moderators, the sample sizes should
have linear dimensions roughly proportional to
the diffusion lengths in the moderators.

Computations of gamma fluxes and gamma
heating in the core of 500 MW(c) PHRS were
performed at cell level and whole-core comput-
ations were undertaken. Sensitivity to choice of
cross-section library and to the geometrical mod-
elling scheme has been assessed.

Participatory work has been initialed for
preparing commissioning stage measurements to
be done in 500 MW(c) PHWR.

Methods Tor measurement of neutron doses
received by materials in reactors were further
improved for accounting for spectral effects. Il
was found that the conventional method of
using the fission spectrum as the fast neutron
spectrum seen by the threshold detectors was not

suitable in aff cases, and that, where unsuitable,
it was safer to use a set of threshold detectors
with the minimum standard deviation in the
spectrum relative to measured and computed
activities.

Study was made on possible use of noise
analysis techniques for Surveillance of PHWRs to
detect boiling in channels, if it occurs.

Irradiation was carried out in Cirus for
transmutation doping of a long crystal of silicon
to be used by BHEL for making test devices
geared for industrial use. The crystal was peri-
odically rotated during irradiation for minimizing
the effect of flux gradient across the crystal.

Continuing work was pursued for evaluation
of nuclear data related to use of thorium in
reactors.

Work related to developing improved trans-
port theory methods and tests for radiation trans-
port calculations was continued.

5.4 Reactor Control

The main thrust of research was towards
modernization of computer-based systems for
reactor control, data acquisition and operator
support functions, fuelling machine controls, con-
trol system analysis, software reliability and con-
trol mechanism development.

Instrumentation and control system for
Katnini and Purnima-IH critical facilities have
been completed. Prc-cotnmissioning checks on in-
tegrated performance of the various subsystems
were carried out. Test* have also been carried
out on Kamini reactor for operation of safety
control plates, reactor coolant heat transport sys-
tem, waste disposal and dcmincralizcd water sys-
tems, process controls and process information
systems. Purnima HI components like fuel sup-
port structures, beryllium reflector boxes, control
rod guide plates and fuel extraction took have
also been fabricated. The Pneumatic Carrier
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Facility at Dhruva was equipped with a micro-
processor based system for performing various
control functions.

The Channel Temperature Monitoring Sys-
tem (CTM) developed for 500 MWe reactors has
dual functions. In addition to the measurement of
outlet temperature of the coolant in 392 channels,
it alsovgenerated power set-back for Reactor
Regulating System. The system receives signals
from two RTDs in each channel, computes outlet
temperatures, generates temperature 'high' and
'very high' alarms and calculates zonal power,
bulk power, etc. The system is built around
68.000 processors and IBM compatible PCs. All
operator interactions arc menu driven, and dis-
play is on the lines being adopted in Kamini
Process Information System.

Two Channel Temperature Monitoring
Systems using 8086 processors for NAPP-2 have
been manufactured, installed and prc-commi-
ssioncd.

The Programmable Digital Comparatory
System (PDC) developed for KAPP is a safety
related equipment and its software calls for rigor-
ous testing and validation. In order to prove
acceptability of the software, an external soft-
ware driven system has been developed and the
PDC software has been extensively tested by gen-
erating pseudo-random command sequences.
The PDC response has been monitored and
logged over a period of time.

The Fuel Handling System at Integral Ther-
mal Facility is being used for calibration and test-
ing of fueling machine heads for various power
plants. The con'rol system has been upgraded with
an advanced minicomputer system to provide full
auto mode operations and improve its availability.
In addition, it provides improved operator inter-
face and on-line diagnostics.

A Digital Recording System was developed
to replace large numbers of electro-mechanical
recorders. Two such units with a capability lo

record 48 parameters measured every two seconds
for four days have been installed at MAPS. The
system also computes moderator temperature
change during power step operations.

Reactor Power Regulation in PHWRs is
presently carried out by using differential tem-
perature of primary heat transfer coolant across
the steam generators as a signal representing
reactor power. In order to improve the plant tran-
sient response against external disturbances, reac-
tor regulating system based on neutron flux
measurement was proposed. The relative superi-
ority of this scheme of control has been estab-
lished by a dynamic simulation study of the plant
and its control system.

The development of a personal computer
based Rod Worth Minimiser (RWM) system for
TAPS has been taken up. At present, the con-
trol rods arc inserted or withdrawn manually in a
predetermined sequence and operator errors arc
likely to occur during this safety related opera-
tion. The computer based RWM will execute per-
mitted prc-stored sequences of rod operations and
will provide protection against wrong operation.
A color CRT based operator console provides
added facilities like overview of rod positions,
review of past and future rod movements, etc.

The Reactor Regulating System (RRS) for
500 MWc reactor is configured as a dual distri-
buted digital control system networked on dual
redundant data highway. Since the RRS would
perform both global power control at well as
power distribution (zonal power) control, the
number of process inputs is an order higher than
the 235 MWc reactors and also the number of
control devices arc larger (nearly 40). An
additional feature of the 500 MWc RRS is the
provision of stepback to avoid any loss of regu-
lation incidence. Operator interaction with the
system is through CRT to provide an easy and
elegant man-machine interface. Hardware design
has been completed and the prototypes of (he
hardware modules have been tested to validate
the design.
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An analysis of Reactor Regulating System
(RRS) of 500 MWc PHWR has been carried out
using Nodal models. A computer code, based on
the nodal model of the reactor core, has been
developed to predict the core power distri-
bution, xenon effects and the global power as a
function of motion of reactivity control devices.
In the Nodal model, the reactor core has been
represented by fourteen fictitious zones. Since
these zones arc ncutronically coupled, a system of
point kinetic cqations of fourteen zones iuU|>lcd
through 'coupling co-efficients' has been used and
these determine the interzonal neutron leakages
based upon the geometry and average parameters
in the /ones. A three-dimensional coarse mesh
code has been developed and tested for bench-
mark core configuration of PHWR.

The shut-off rod drive mechanism for
Dhruva has been upgraded to extend wire-rope
service life and to improve the level of on-demand
scram functions. A microprocessor based test
console for automatic testing of adjuster and shut
off rods with print out facility has been developed
and commissioned.

The design of advanced shut-off rods for
KAPP has been completed. This design permits
on-line monitoring of the health of the mecha-
nism, extended life for rotating components and
modular construction of sub-assemblies for ca*y
maintenance and operational reliability.

A large number of adjuster rod drives arc
required for each power plant. A prototype two
phase servo motor along with Ihyrislor control
amplifer has been developed and tested. A batch
of 20 such motors along with drive assemblies are
being supplied lo KAPP.

A new test station for the testing of 500
MWc mechanism hat been commissioned with
absorber assembly, head gear and Icsl console.
This facility will be extensively used for design
verification and modification required to achieve
high reliability and optimization of components.

5.5 Reactor Operations, Services and
Maintenance

The 10 MW research reactor Dhruva con-
tinued to operate satisfactorily at its rated power.
A record uninterrupted continuous operation of
19 days at rated power was established in the
month of March 1989. Some difficulty in quick
identification and location of failed fuel assem-
blies has been encountered. Efforts to improve
the Failed Fuel Detection System arc on hand.
An experimental fuel assembly with the fuel pins
manufactured by extrusion process was test irradi-
ated and its performance was found to be satisfac-
tory. Regular production of miscellaneous radio-
isotopes has been streamlined. Long term irradi-
ations for production of cobalt-60 arc being con-
tinued.

The 40 MW thermal research reactor Cirus
was operated at its designed power level till mid-
August 1989. Thereafter, the operating power
level has been lowered to 20 MW towards con-
serving fuel. Both Cirus and Apsara reactors con-
tinued to operate in a safe and efficient manner
and provided facilities for neutron research,
neutron radiography, testing of neutron detectors,
isotope production, gem-grade diamond irradi-
ation, etc. and for staff training. Over 1500
samples were irradiated for isotope production in
both the reactors. Silicon crystal irradiation ex-
periments for uniform phosphorus doping were
continued al Cirus.

Over 1K00 isotope samples were evaluated
for reactivity effect, heat production and radi-
ation shielding for irradiation in Trombay tendon.
The rcactiv: y effect of using lithium pcnlaborate
solution in place of gadolinium nitrate solution
for Liquid Poison Injection System of Dhruva
reactor was estimated and was found to be accept-
able from safety considerations. The steady state
and transient thermal hydraulic aspects of Dhruva
fuel assemblies for conditions initiated by the fail-
ure of Class-lV power supply lo main coolant
pumps were studied, in particular reference
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to revised limit on maximum coolant inlet
temperature.

About 37,000 chemical samples of light wa-
ter, heavy water, helium, ion exchange resins, etc.
were analysed for chemical control of Apsara,
Cirus and Dhruva reactors at Trombay.

Towards better reliability and operational
flexibility, some of the services such as com-
pressed air, demincralised water and chilled water
systems were interconnected between Dhruva and
Cirixs. Measures for the installation of strainer at
the outlet of primary cooling water heat exchan-
gers, hydraulic power pack for the fuel handling
machine, replacement of primary cooling water
pumps with indigenous pumps, and replacement
of Attached Laboratory Refrigerating Machine in
Cirus reactor were carried out. A performance
evaluation of Cirus Sorber Refrigerating machine
was carried out.

For Apsara reactor, necessary measures
were implemented lo correct reactor pool water
leakage, installation of non-regenerative type
mixed l>ed catridges for polishing reactor pool
reactor water, and replacement of refrigerating
machine of the aircondilioning plant. For Dhruva
reactor, modifications and mock-up trials arc in
progress with a view lo increase the reliability and
improved performance of shut-oil rod drive
mechanism. Work on installation of Centrifuge
Separator and associated piping in the Heavy
Water and Cover Gas System is ncaring com-
pletion. Procurement action Tor equipments,
valves, piping and pipe fittings of Emergency Core
Cooling System Phase-II is in progress. The heavy
water vapour recovery unit was commissioned af-
ter incorporation of necessary modifications. For
the on-powcr handling of isotope tray rods,
design review and the consequent modifications
to components were carried out based upon
mock-up tests.

To assess the pattern of accumulation of
silt near sea water system CavMm. a depth sound-
ing study was conducted in coordination with

Bombay Port Trust authorities. Performance of
the main sea water pumps was improved by modi-
fying certain critical components.

Assistance was provided to Nuclear Power
Corporation for analysis of raw water samples
for KAPP and Kaiga, supply of heavy water
standards to NAPP and for analysis of moderator
heavy water samples for their boron content dur-
ing criticality experiments at NAPP.

Certain problems of Single Mode Control
(control valve and linear power rate fluctuations)
of Dhruva reactor Power Regulating System were
successfully solved. Design, fabrication and testing
of circuit to annunciate reactor auxiliary coolant
low flow rates were completed. Required modifi-
cations for easy servicing of fuel channel coolant
flow gauges in 200 out of a total of 400 flow
gauges, and for moderator level control system
volume booster to prevent unsafe failure of con-
trol valve were carried out.

A modification scheme was implemented lo
prevent recurrence of problems in sequential
power transfer with both raising and lowering of
Dhruva shut-off rods. To improve the Failed Fuel
Detection System, a flow set-up facility was made
to measure the flow through fuel channel FFD
lines lo collect data. Commissioning of instrumen-
tation for heavy water vapour recovery system was
done.

To avoid flooding of reactor operational
and other areas during monsoon season, neces-
sary action was taken at Cirus and Dhruva.

Temperature, flow and neutron channel
instrumentation with auto counting, recording
and printing, and power supply unit for feeding
pulsating current to cell were provided for Cold
Fusion research work being carried out.

The performance of the new microproces-
sor based system for Failed Fuel Detection and
Location System in Dhruva is being observed.
The oul-of-pilc testing of a prototype instru-



merited fuel assembly with thermocouples was under fabrication for being installed in the Dhruva
carried out. A new instrumented fuel assembly is reactor.
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6.1 Ore Dressing

Studies on the feasibility of application of
wet magnetic separation for beneficiating uranium
values from copper plant tailings of Singhbhum
were continued. It has been shown that about
75% to 85% of uranium values can be recovered
in the magnetic fraction in 45% to 50% weight
from the tailings of Ralcha, Surda and Mosabani
copper beneficiation plants. Magnetic separation
thus has the potential of application to reduce
the bulk of tailings to be processed by acid leach-
ing to recover uranium from this important
resource. Preliminary studies carried out on selec-
tive removal of acid consuming carbonate ganguc
minerals from a uranium ore sample from Tum-
malepallc in Andhra Pradesh have given encour-
aging results.

A number of bcncficialion investigations
have been taken up during the year at the request
of other government agencies. A process flow-
sheet for recovering cassileritc from placer-type
deposits from Baslar was communicated to
Madhya Pradesh State Mining Corporation
Limited. Flow-sheets were developed for the
recovery of tin values from two types of lodc-
lypc tin ores from Tosham in Haryana. Since
the cassilcritc occurs in varying sizes down to ul-
trafinc disseminations, the process developed in-
volves multistage operations including gravity
separation, reverse flotation, regrinding and
magnetic separation. Studies on the benefici-
alion of tungsten ore from Khobna in Mahar-
ashtra were completed, and a process flow-sheet
was developed to recover tungsten values occur-
ring in the form of both schcclite and wolframite.
These studies on Tosham tin ore and Khobna
tungsten ore were carried out at the request of
Mineral Exploration Corporation Limited, and
preliminary project reporls have been submit-
ted. Development of a process How-sheet to up-
grade chromite ore from Ori.va to market speci-
fications is nearing completion, the work having
been taken up at the request of Orissa Mining
Corporation Limited.

Several fundamental studies on various unit
operations of ore dressing were continued. Impor-
tant among these is studies on modelling and
simulation of differential comminution and libera-
tion of minerals during grinding of ores.

6.2 Uranium Fuel Fabrication

The prototype oxide fuel fabrication facility
was extensively utilised for production of high
densfty sintered UO2 pellets, conforming to
PHWR fuel specifications. More than 4 tons of
UO2 pellets have been fabricated with 70% or
more recovery and have been supplied to NFC,
Hyderabad, for encapsulation and use in PHWRs.
From NFC, either rejected UO2 powder lots or
UO2 powder lots with low recovery were used for
this fabrication campaign. The modifications in-
corporated in the fabrication flow sheet for pro-
ducing high density pellets meeting all specifica-
tions include sieving and separating hard UO2

granules, ball-milling, admixing zincbchcnatc
lubricant, using WC die-punch set, dewaxing and
sintering UO2 pellets in an atmosphere of nitro-
gen and hydrogen.

The fuel and other components required
for Cirus and Dhruva reactors were fabricated
and supplied. 112 U metal fuel rods (x-rods) and
1864 sub-assembly components were delivered to
Cirus. 20 ThO2 J rods were supplied to Cirus. 199
uranium fuel clusters, 170 Al shields and 191 seal
plugs were supplied to Dhruva.

Development work was carried out for
improving recovery in fabrication by reducing
rolled rod diameter and introducing automation in
some of the operations.

The Mixed Oxide (MOX) fuel fabrication
plant at Tnrapur has been given provisional clear-
ance by AERB for plant operations with
depleted/natural UO2. The immediate programme
is the fabrication of reprocessed UO2 fuel pellets.
This material presently being processed in the
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Eddy current testing of fuel 'uDes
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Pore size distribution in sintered UO2 pellets
prepared by SGMP route

Microstructure of a UO2 pellet
prepared by the SGMP route
showing large grains.
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Microstructure of sintered
uranium monomtride pellet
piepared by the SGMP route
showing microsphere boundaries
and 'open pores' desirable for *'.
facilitating fission gas release
and in turn minimising fuel
swellling.

Kamini fuel plate and subassembly
at different stages of fabrication



Ultrasonic immersion scanning set-up for testing oi
non-bonds in plate type fuel elements.

ON MOVING BED

Continuous motion radiography
a) Schematic

b) Profile of normal radiograph of a fuel plate
showing beam effect.

c) Profile of a continuous motion radiograph of
the fuel plate.

Detachment of fuel pins near end plug welds in a MAPS fuel
bundle
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plant has about 0.3 ppm of plutonium. This cam-
paign enables the plant to test its production
lines on suitability for handling bulk quantity of
plutonium.

The MOX plant is duplex type : having two
parallel lines of fuel fabrication - one for thermal
reactors (PHWRs) and the other for fast reactors.
The depleted UO2 fuel production work is taken
up in the PHWR line. The installation of the fast
reactor fuel fabrication line is to be taken up dur-
ing 8th Plan, wherein manufacture of Prototype
Fast Breeder Reactor (PFBR) fuel will be carried
out.

6.3 Quality Assurance

Quality surveillance jobs on fuel bundles,
zircaloy components, garter springs, coolant and
calandria tubes for PHWRs, fuel bundles for
TAPS, and on various s.s. and other materials and
components was regularly carried out.

6.4 Plutonium and 233U Fuel Fabrication

High density UO2 and UO2-4% PuO2 fuel
pellets conforming to PHWR fuel specifications
were fabricated by sol-gel-microsphere-pelleti-
sation (SGMP) process. The gel microspheres
were prepared by internal gelation process from
uranyl and plutonium nitrate solutions. Addition
of carbon black "pore former" prior to gelation
and later removing the same by controlled air-
calcination led to "porous" microspheres. The
dust free and free flowing porous microsphercs
could be easily pclletiscd directly and sintered to
high density (> 96% T.D) pellets containing uni-
formly distributed spherical "closed" pores in
the diameter range of 2-5 micron. TiO2 dopant
(to the solution prior to gelation) led to UO2

and mixed oxide pellets of large grains (> 40),
desirable for minimisation of fission gas release.
Pellets fabricated by SGMP process were found to
have ' 10% higher thermal conductivity compared
to pellets of equivalent density prepared by con-
ventional "powder-pellet" route.

As part of plutonium fuels development
programme for Fast Breeder Reactors, UN and
(U, Pu)N fuel pellets of relatively low density (85
+ 1% T.D.) and of both uranium and plutonium
rich compositions have been fabricated by
carbothermic reduction of oxide-graphite in
flowing nitrogen. Sol-gel-microsphere-pelleti-
sation (SGMP) and conventional "powder-pellet"
routes were optimised for preparation of mononi-
trides containing minimum oxygen and carbon
impurities. The high specific surface area of sol-
gel derived oxide-graphite particles enhanced the
kinetics of carbothcrmic reduction process. Fur-
ther, SGMP process ensured excellent microho-
mogencity, led to controlled pore structure, mini-
mised fabrication steps, avoided handling of fine
powders and in turn minimised radioloxic dust
hazard and fire hazard (associated with fine MC
and MN particles). Further, dust-free and free-
flowing nature of microspheres made the SGMP
process amenable to automation and rcmotisation.

Fabrication of aluminium clad A1-233U fuel
for Kamini research reactor, is an important mile-
stone in our indigenous nuclear fuels technology.
The Kamini fuels assembly consists of 8 fuel plates
of aluminium clad, Al-20%233U containing ap-
proximately 8 gm of 2*3IJ per plate. Nine fuel
assemblies constitute the Kamini core.

The feed materials for Kamini fuel are
233U and Al metals. The major fabrication steps
are master alloy preparation, melting-casting of
fuel alloy, hot and cold rolling of fuel meat, en-
casing fuel meat in aluminium picture-frame and
roll-bonding. Small amount of zirconium addition
in the melt was found to minimise the formation
of the brittle UAI4 intermctallic phase ami pre-
vent cracking of the fuel alloy during rolling. The
zirconium stabilises the relatively softer and
denser UA13 phase, leading to improved ductility.
A novel roll-swaging method was developed for
mechanically bonding the fuel plates in the
grooves of the six aluminium spacers in each sub-
assembly. The swaged plate assembly is finally
housed in an aluminium box with a coolant water
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entry channel at the bottom and a gripping handle
at the top. Several innovative non-destructive
testing (NDT) techniques were developed during
the fabrication campaign to meet the stringent
specifications on dimension, chemical composi-
tion and bond quality of Kamini fuel plates and
sub-assemblies. X-ray radiographs and their mi-
cro-densitometric scans have been used for loca-
tion of fuel meat and for confirming homogeneous
distribution of the fissile species in the fuel alloy.
In this connection, a continuous motion radio-
graphic set up has been commissioned for avoid-
ing beam effect in radiographic images. The
bonding between the fuel meat plate and the
cover plates were evaluated by "blister test"
and "immersion ultrasonic" techniques.

6.5 Post Irradiation Examination

PIE of Al clad U metal fuel rods from
Dhruva research reactor and zircaloy clad UO2

fuel pins from Madras Atomic Power Station
(MAPS) was carried out. The Hot Cells Facility
was also utilised for successfully repairing a
damaged Apsara fuel assembly and retrieving 64
capsules of valuable radio-isotopes.

Detailed examination of two failed MAPS
fuel bundles confirmed that their failure was due
to massive hydriding of the end plug.

The PIE activities also included analysis of
the inside surface of zircaloy cladding of UO2

fuel element from Tarapur Atomic Power Sta-
tion (TAPS) by SEM and EPMA for valuable
information on fuel cladding chemical interac-
tion. The two layers of deposits on the cladding
surface were found to contain U, Zr, Cs, Te, Ba,
Sn, Rb and oxygen. The maximum Cs concentra-
tion and Cs/U ratio were found to be 1.4 wt% and
0.042 respectively.

6.6 Fuel Reprocessing

After the successful completion of the
second reprocessing campaign with the spenf
PHWR fuel, PREFRE Plant, Tarapur, is now

carrying out a polishing campaign involving the
off-grade depleted uranium solution accumulated
so far to bring the product uranium oxide to the
desired level of purity.

The processing of the short cooled spent
fuels from Dhruva and Cirus earlier at Pluto-
nium Plant, Trombay, had shown that some major
flow-sheet modifications were required to
achieve the desired level of purity in the pluto-
nium product stream with respect to residual fis-
sion product contamination. Essentially this
required the introduction of one more plulonium
purification cycle. For effecting the additions
and alterations in the equipment layout inside
the cells, the plant has been brought under a
maintenance outage. After decontaminating the
in-ccll equipments to bring down the background
radiation to acceptable levels, new hardware
and the associated process piping were laid.
Prc start-up checking and trials arc in progress.

The reprocessing plant that is being built at
Kalpakkam (Project KARP) to treat the spent
fuel arisings of the Madras Atomic Power Sta-
tion (MAPS) is making steady progress. Engi-
neering design work on the process and utility
systems is nearly complete. The civil construc-
tion activities arc in an advanced stage of
completion. Installation of process equipment
and the associated piping inside the cells has been
started. A notable aspect of the erection work is
the extensive use of computer for designing and
drafting of the intricate process piping and for the
production of pipe bends and joints. This is ex-
pected to accelerate the installation job. Design
based safety of the various plant systems is being
critically evaluated before submission to the
regulatory body for obtaining necessary- clear-
ances.

In keeping with the long term interest
in exploiting the potential of the vast reserves
of thorium in the future breeder programme,
an engineering scale facility is being set up for
separating 23-*U from the thorium fuel elements
irradiated in the research reactors Cirus and

7R



Dhruva. This facility is expected to firm-up the
design concepts to be adopted in the industrial
scale plants to be built in future. All the activities
of the project such as engineering design, fabri-
cation of equipments, procurement of comp-
onents, etc. are proceeding as per schedule.

In order to make available sufficient reproc-
essing capacity to treat the spent fuel arisings of
the 10,000 MW(e) nuclear power programme
and to create a plutonium base for the future Fast
Breeder Reactor (FBR) programme, it is neces-
sary to build additional reprocessing plants of
larger capacity. Work on their conceptual design
has already been taken up. Proposal for con-
structing one such plant has been put up for inclu-
sion in the 8th plan.

In the fulfilment of the short and long term
objectives of the spent fuel reprocessing, R&D
activities are being pursued, as an on-going pro-
gramme, in a variety of areas such as process
chemistry and engineering, instrumentation,
measurement techniques and corrosion. The
main thrust of the R&D efforts is to bring about
innovations in the general hardware and process
for achieving cost effectiveness. In the R&D ef-
forts, significant results have been obtained in
the following tasks : (1) Removal of 137Cs activ-
ity, a long lived fission product, from the low level
liquid effluents by electrodialysis using cation ex-
change membranes. This has a great potential for
drastically reducing the activity discharged from
the reprocessing plants into the aquatic environ-
ment. (2) Electrolytic reduction of uranyl nitrate
using titanium and TSIA electrodes in cells
where the anodic and cathodic chambers are
isolated by membranes. The near 100% conver-
sion obtained with a high current efficiency has
great favourable implications for reprocessing
technology. (3) Application of copper ferrocya-
nide impregnated ion-exchange resins for the
treatment of active liquid effluents. The high Df
obtained on this matrix for some of the fission
products makes it a potential candidate for use in
effluent treatment plants. (4) Development of
an EXPERT system for reprocessing. The com-

puter programme devised will be able to provide
information on the solvent extraction column
parameters.

For the preferential reduction of plutonium
in the partitioning cycle of the Purex Process, a
plutonium purification cycle based on the electro-
lytic reduction method is being introduced in
PREFRE Plant as a demonstration facility.

The plutonium contained in the scrap and
solid wastes generated during the fabrication of
MOX fuel pins is planned to be recovered and
recycled on a regular basis, at the Scrap Recov-
ery Facility (SRF) being set up at Tarapur. The
recovery operation consists of dissolving the
plutonium-uranium present in the scrap material,
purifying them free of associated impurities and
converting them to their respective oxide forms
through a precipitation - calcination route.

The scrap generated during the metallurgi-
cal operations involving the production of 233U
- Al alloy and the fabrication of fuel elements
for the experimental reactor Kamini was proc-
essed, and valuable 233U was recovered and re-
cycled.

6.7 Radioactive Waste Management

Radioactive waste management facilities
at Trombay, Tarapur, Rajasthan and Kalpakkam
functioned satisfactorily throughout the year.
Different types and categories of solid and
liquid wastes were processed prior to disposal.
The treated liquid effluents were discharged to
environment after satisfying all safety require-
ments prescribed by the concerned regulatory
agencies for individual sites. Activity of dis-
charges made at different sites were less than 8%
of the permissible limits. The radioactive concen-
trates were conditioned in suitable matrices be-
fore disposal into the engineered containment sys-
tems such as RCC trenches and tile holes at
the solid waste management facility at each site.
Activity thus retained was about 90% of the
activity received for treatment. Surveillance of
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the disposal sites was carried out at regular inter-
vals by monitoring the radioactivity of the water
and soil samples drawn from nearby borewclls.
No migration of radioactivity in the surrounding
soil was noticed at any site.

The decontamination centres at different
sites received contaminated protective wares and
reusable components of some critical machineries.
These were decontaminated and recycled.

After introducing additional safety features
in the Waste Immobilisation Plant (WIP) at
Tarapur, clearance was obtained from various
safety agencies for starting trial runs with the ac-
tual acidic raffinate waste, after suitable dilution,
from the reprocessing plant. The trial runs arc
planned to be carried out in three phases in
increasing steps of activity in the feed. The first
phase of trial runs has been successfully com-
pleted with all the process and utility systems op-
erating satisfactorily. Preparations are on for
starting the second phase of trial runs. The prin-
cipal steps involved are transferring the high
level waste from the underground stainless steel
storage tank into the process cell, reducing its
volume in an evaporator-fractionator loop, feed-
ing of the concentrated waste along with glass
forming additives to u mclaJJic process pot foJ-
lowed by induction heating to convert the whole
mass into a molten glass form, transferring the
molten glass into a stainless steel canister, and
seal welding the canister. The secondary liquid
wastes generated in this process are immobilised
by fixing them in a bitumen matrix in another
cell. All the operations are carried out remotely
in a concrete shielded cell equipped with shield-
ing glass windows, master-slave manipulators and
cell cranes. This operation marks a milestone in
the annals of the nuclear technology in this coun-
try, since India is one of the few countries that
have demonstrated their capability in this highly
specialised field.

The storage vault of Solid Storage Surveil-
lance Facility (SSSF) at Tarapur meant for the in-
terim storage of the canisters containing high level

vitrified waste is being prepared to receive the
waste package. In the process block, work on
the surveillance and characterisation facilities
consisting of hot cells, shielded boxes and ana-
lytical laboratories have been completed and
are being readied for commissioning.

Construction of process building and ancil-
lary structures of the Waste Immobilisation Plant
(WIP) at Trombay is in progress. Detailed engi-
neering design of the process and utility systems
is on and the procurement activities are procee-
ding satisfactorily.

The prc-commission'mg trials on the first
siage of the chemical treatment system in the
Waste Management Plant, Narora (WMPN),
were carried out.

A detailed design basis report for the
Waste Management Plant, Kakrapar (WMPK),
giving information on waste receipt and segrega-
tion system, treatment and conditioning system,
waste disposal s\ .tern, along with data on serv-
ice and man-power requirements and cost esti-
mates was prepared.

A scheme report for the Waste Manage-
ment Centralized Facilities (WMCF) at Rajaslhan
and Kaiga sites to handle the waste arisings of the
power reactors proposed to be installed there was
finalised and submitted to NPCIL. The report
includes process schematics for liquid & solid
wastes, service requirements and cost estimates.

Process How sheets for the incinerator sys-
tem, resin fixation system, active laundry and the
decontamination centre in the proposed new
Waste Management Plant for the 500 MW
reactors coming up at Tarapur were finalised.

Augmentation of waste management facili-
ties as a part of the spent fuel storage facility
(AFR) at Tarapur is in progress.

A proposal for building an interim storage
facility at Kalpakkam for retricvably storing alpha
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bearing high level wastes has been finalised.

Consultancy services are being provided in
finalising the effluent management schemes pro-
posed by Nuclear Fuel Complex (NFC) in respect
of the uranium oxide plant expansion and by In-
dian Rare Earths (IRE) in respect of decommis-
sioning activities.

The thrust of laboratory scale studies is
towards development of new processes and tech-
niques for the treatment and safe containment of
a variety of solid, liquid and gaseous radioactive
wastes generated at different stages of the Nuclear
Fuel Cycle. Substantial progress has been made
in the development of: (1) suitable solid matrices
like organic resins, inorganic absorbants and
molecular sieves for fixing the radionuclides pres-
ent in the low and medium active effluents from
chemical plants, (2) suitable glass mixes for sludge
wastes, (3) precipitation followed by ultrafil-
tralion techniques for the removal of long lived
activities like ^Sr from liquid wastes,
(4) coprecipitation technique for the separation
of long lived actinides from the fission products
and activation products, (5) absorption tech-
niques for the removal of argon and methyl
iodide from air streams, (6) bio adsorbents like
actinomycetcs cells (immobilized on ca-alginate)
for the retention of cerium ions, and (7) bio-deg-
radation techniques for the removal of surfactants
from the liquid effluents of radioactive laundry.

Investigations are also being carried out on
the leachability of activities fixed in solid matri-
ces to evaluate the long term effectiveness of
the containment procedures. Polymer-cement

blends are also being studied for improving the
chemical durability of the waste products.

Inactive leaching experiments of the core
samples taken from full size simulated glass
product canisters have been conducted under
different environmental conditions represen-
tative of the repository conditions. The leachants
were periodically analysed in ICP spectrometer
and the samples were examined under scanning
electron microscope, energy dispersive X-ray
analyser and X-ray diffractometer. Inactive simu-
lation experiments were continued throughout the
year at the selected sub-terranian research
chamber at Kolar Gold Fields to study the long-
aterm effect of storing solidified high active
wastes in geological formations. Valuable data on
temperature distribution, induced stresses and
extension in the host rock are being recorded
continuously. The thermal profile and induced
stresses obtained were compared with the values
predicted by the theoretical model. The thermal
profiles, in general, matched but the recorded
stresses were found to be lower than those pre-
dicted. A second chamber is also under construc-
tion for extending the scope of the studies.
Computer modelling is being done to account for
the inhomogenity in the rock mass with respect
to thermal properties. Rock-waste interaction
studies using radioisotopes of cesium and stron-
tium are also being conducted on granite and
basalt rocks.

The shallow land disposal site at Kakrapar
for low and intermediate level radioactive solid
wastes has been taken up for detailed investiga-
tions of its geo-hydrological characaleristics.
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7.1 Health Physics

Safety surveillance at all the DAE install-
ations encompassing the various nuclear fuel cycle
and associated activities was provided. Safety
related R&D activities to support the programme
were carried out throughout the year.

In the uranium mining and milling oper-
ations at Jaduguda, steps to reduce the exposure
to workers from radon daughter products, which
accounts for 80% of the manrem consumed, are
planned for the new mine projects by providing
better ventilation. In order to reduce radium
release to the environment, a process involving
the use of commercially available pyrolucite and
barytcs for adsorptional retention of dissolved
radium and manganese was adopted. Decon-
tamination factors of 97% for radium and 90% for
manganese were achieved.

Improved various safety related design
features were suggested for the new Rare Earth
Plant (MOHUR) at Alwaye, resulting in reduction
of the exposure to workers by half. Assessment of
safety aspects for the decommissioning of the old
Rare Earth plant has been carried out.

The high natural radiation background at
Hyderabad, nearly four times that at Bombay,
necessitated the use of special construction
materials for the Steel Room facility at NFC,
Hyderabad, for the lung counting of uranium in
workers. The facility makes use of a 5" phoswich
detector and associated spectrometric system.

Radiation protection services and surveil-
lance were provided for the routine as well as
special operations such as calandria rehabilita-
tion at MAPS, outages at TAPS, RAPS and
MAPS, etc. The collective dose for the power
reactors for 1988 decreased by 34% from that for
1987. The apportionment of site dose for the
major nuclear installations has been worked out
taking into account mullifacility nature of each
site. Design safety review of the plants under

construction and safety evaluation of oper-
ating plants were undertaken.

Health Physics planning enabled the
manrcm consumption for Dhruva and Cirus
operation to be kept low. Feasibility studies for a
stack effluent analysis system using a Ge detector
was completed at Cirus.

Environmental safety surveillance at vari-
ous nuclear plant sites was continued. On the
basis of analysis of environmental and food
samples and the external radiation levels meas-
ured using TLDs, the dose to the public from
the operation of the PHWRs at the site bound-
ary during 1989 was estimated to be less than 5
mRcm. Pre-operalional met data arc being
acquired for the new sites - Kaiga and
Kudamkulam. Work was initiated on the study of
distribution of 210Pb and 210Po in marine ecosys-
tems and their contribution to the natural back-
ground radiation. Depth profile of 210Pb in sedi-
ments have been used for estimation of sedimen-
tation rates.

At the backend of the fuel cycle, the
O&M operations at the reprocessing plants at
Trombay and Tarapur were continued to be
provided with manrem planning and exposure
control. Health) physics planning for facilities and
instrumentation for Kalpakkam reprocessing plant
has been carried out. Design safety review for the
commission-ing of WIP and PEP plants at
Tarapur was undertaken. A bulk waste monitor
using Nal detector for the assay of radioactivity
content in 200 litre waste drums was set up at
Trombay.

A whole body counting steel room facility
was commissioned at Tarapur for lung counting
of plutonium workers. The laboratory is also
equipped with a shadow shield counter and other
radioactivity assay systems. The computer system
at the lab has been provided with remote termi-
nals at the various health physics units on the site
to evolve it as a computer based emergency
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preparedness system. A GM counter based
environmental dose logging system with PC
interfaceability set up at the lab now acquires
hourly dose data and prepares daily bar charts.
The system can record variations of as low as 2uR
/hr in the ambient background. The Site Emer-
gency Control Centre at Trombay was equipped
with met and environmental dose logging facility
and real time display of the dose on a site map.

Studies on atmospheric andacquatic mod-
elling to evaluate dispersal of radionuclides
released to the environment was continued. Inter-
active computer programmes using personal
computers for predicting plume dispersal were
developed. Computer code for study of long range
dispersion models was commissioned.

A GM counter based digital dosimeter with
PC interfaceability was developed and is being
field tested. An image analysis system for use in
dosimetric applications using SSNTDs was set up.
Electrets are used for measurement of environ-
mental dose. Method of making stable electrets
has been standarised and an electret charge reader
has been developed. Electret dosimeters offer the
possibility of measuring integrated dose as low as
2 to 3 mRad.

Analysis of thorium and uranium in human
tissues and body fluids has been carried out to
study their biokinetics. The absorption factor fl
for thorium incorporated in diet was found to be
0.001 and that for uranium 0.034. A program has
been taken up for establishing the Indian refer-
ence man, using the anatomical, physiological and
metabolic data.

The operating plants and the associated
active facilities under the Reprocessing Group
have maintained an excellent all round safety
record throughout this year.

Personnel exposure to radiation was well
within the permissible levels. There was not a
single incident of fatal or disabling injury. No in-
stance of violation of plant's technical specific-

ations was reported. The radioactivity in the
liquid and gaseous effluents discharged from the
plants into the environment was far below the
authorised limits.

7.2 Radiological Protection

Implementation of radiation safety pro-
gramme in non-DAE institutions all over the
country using radioisotopes and radiation sources
for medical, industrial and research appli-
cations was continued. Personnel monitoring
service was provided to both DAE and non-DAE
institutions. 15,079 radiation workers in 2,106
institutions were monitored with film badges and
19,279 radiation workers in 802 institutions were
monitored with TLD badges. PC based den-
sitometer developed in BARC was used for taking
readings and evaluation of doses from film
badges. Since more radiation workers are being
monitored with TLD badges, effort has been
made to reduce the reading time for the badge.
In the semiautomatic and the muitiprobe reader,
three times more cards can be read as compared
to the manual reader. During the year, 145
cases of over exposure with more than 10 mSv
were detected and 9 cases underwent chromo-
some aberration test. BARC participated in
IAEA - coordinated research programme on
intercomparison for individual monitoring and
the results were satisfactory.

As per the new policy, the radiation
workers in our country are advised to use a
badge at chest level under the protective lead
apron whenever the same is used. In special cases
when high doses to head region are expected
due to nature of work, an additional badge is
recommended to be used on forehead. Formulae
to calculate effective surface dose equivalent
using the doses recorded by the badges worn in
the two different manners have been proposed.

Installation plans were approved for 27
medical, 13 radiography, 60 nucleonic gauge and
34 research institutions. Authorizations were
issued for procurement of 917 radionuclide
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consignments, 76 new radiography cameras and
replacement sources for 945 old radiography
cameras. 13 telccobalt source replacements and
220 radiological protection surveys were carried
out. Unused ^Sr ophthalmic applicators from
2 hospitals were brought back to BRIT. 307
radiography cameras were inspected for radiation
safety, and type approval of several industrial
radiation devices and their accessories was given.
3262 mg of radium from 13 hospitals was
collected and disposed off in BARC as waste.

A treatment planning software for use in
radiation therapy which calculates 2-dimensional
dose distribution for beam and brachytherapy
has been developed. This program can be run
on any IBM compatible PC/XT/AT and will be
useful for radiation therapy centres in the coun-
try. It is mandatory that all X-ray units marketed
in India arc type approved by the Atomic En-
ergy Regulatory Board (AERB). In this connec-
tion, procedures were developed for tests of X-ray
units in detail to ensure safety of the units from
the operational and radiation safety points of
view. Kits for the above tests have been fabri-
cated. To train medical physicists for carrying out
this programme, two workshops were conducted
in which 86 physicists from 23 states and union
territories participated.

To meet the requirements of personnel and
radiological monitoring, 8 TLD badge readers,
one optical densitomcter and 20 portable kVp/
timer were fabricated. In addition, 8 secon-
dary standard dosimeters, 2 beam therapy dosi-
meters, 3 clinical dosimeters and one thelmcdor
were fabricated and supplied to outside insti-
tutions. A pocket type personal dosimeter based
on solid state detector for use upto 20R and an
instrument for measuring the lead equivalent
thickness of lead rubber aprons were developed.
The technology for the fabrication of TLD
badge reader was transferred to M/s. L & T
Gould, Mysore, to meet the growing demand.
The coloured indicators for the identification of

radiation sterilized medical products were made
and supplied to more than 130 user companies.

Calibration services for various radiation
instruments were provided to the different units
of DAE and other users of radiation sources in
industry and radiation oncology. These included
calibration of therapy level dosimeters, monitoring
of tclethcrapy units using mailed thermolumines-
cent dosimeters, calibration of protection level
monitors, reactor monitors and detectors,
supply of standard radioactive sources and cali-
bration of neutron sources and fluxes. Dose
intercomparison of medical accelerators was
carried out using the FBX chemical dosimeter.
An electron capture radionuclide standard was
prepared for international intercomparison.
Characteristics of multisphere neutron spec-
trometer were studied. A theratron-60 cobalt
machine was installed for calibration of dosimeters
and monitors.

MORSE-CG, a multi -region, multigroup
Monte Carlo Code, was used to compute the
absolute energy response of the 4 II neutron
counter available with the Van de Graaff facility,
over the energy range 0.5 MeV to 14 MeV.
The computed neutron response agrees satis-
factorily with the available measured values.

Calculations of the proximity functions for
electrons in water that characterize the impor-
tant details of energy transfers in a charged par-
ticle track, have been carried out. The spatial
dose distributions in the medium as a function of
radial distance have also been computed and
represented by suitable analytic forms. A new
semianalytical method was developed for compu-
tations of the proximity function in an efficient
manner at high energies.

Expressions for dispersion of random
sequences were obtained. It was shown that the
dispersion of a random sequence is of the same
order as that of a quasi random sequence.
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Asymptotic survival probability was studied in
disordered media. Also, the expectation value
for the nearest neighbour distance between a
mobile trap and mobile species in one dimension
and with equal diffusion coefficients was
computed.

Thermal and radiolytic studies in the
FBX dosimetric system suggest that, under
chronic irradiation conditions, the radiation
may promote the reactions by providing the
necessary activation energy. At acute irradi-
ations, this energy may be lost due to collisions
or some other competitive processes. Low
dose-rate may enhance the spontaneous muta-
tion rates in the cells and the high LET particles
may be more effective.

Studies with enkaryolic yeast strains have
shown that low dose-rate irradiation at about one
cGy/hr is 4-5 times more effective for the induc-
tion of gene conversion as compared to acute
dose-rates. Also, a pretreatmenl of these strains
with beta rays from HTO does not induce an
adaptive response as judged by the response to
subsequent gamma irradiation. A possibility of a
synergistic interaction between HTO beta and
^Co gamma irradiation cannot be ruled out under
growth condition.

The analysis and certification of about 500
samples of imported milk powder, pulses and
cereals meant for export were carried out. ^Sr
content was analysed in about 30 samples of
milk powder, vegetables and tea using the sol-
vent extraction method based on Tributyl Phos-
phate (TBP). The operation of 12 monitoring
stations round the country, including a new
station at Shillong, for studying fallout samples
was continued. The coal mines in Assam were
surveyed in detail for radon activity. Country-wide
monitoring of indoor radon was continued and
about 1400 dwellings were studied. The levels
varied from about 0.1 to 15.0 mWL, the geomet-
ric mean value being 3.7 mWL. The seasonal
variation of radon in homes was also studied.

A BARC scientist took part in the 8th
Antarctic expedition collecting samples and
making environmental radioactivity measure-
ments. Small ions and aerosols measurements
were also carried out during the expedition at
Antarctica. Another scientist is currently partici-
pating in the 9th Antarctic expedition.

RF and ultra sound surveys have been
carried out for twenty seven sources which
include inductively coupled plasma atomic emis-
sion spectrometers, plastic welding machines and
diathermy units. The measurement of several
pollutants like SO2,NO2, CO, heavy metals,
hydrocarbons, etc., has been carried out in a
number of samples including atmospheric air, rain,
industrial areas, mines, and in biological samples
including blood, teeth, etc. Specialised techniques
like gas chromatography, voltammetry, X-ray
fluorescence, etc., are used in these studies.

7.3 Monazite Survey Project

Cytogenetic studies on human population
residing in the monazite-bearing high back-
ground radiation areas of Kerala and adjoining
regions were undertaken. The objective of this
study was to compare the incidence of congeni-
tal abnormalities, sentinel phenotypes, morbidity
and mortality rales, fertility indices, etc. of popu-
lation groups residing in normal background
radiation with those living in high background
radiation areas of Kerala coasts. For this purpose,
two surveys (newborn and epidemiological)
were carried out in collaboration with the
State Government involving participation of Pri-
mary Health Centres and other hospital units
serving this population. For newborn survey
work, six hospital units were identified. Over
14,000 newboms were screened for congenital
abnormalities. Karyotype analyses of over 1,116
cord blood samples of babies born to mothers
residing in the normal background radiation as
well as high background radiation areas were
completed. The prevalence rates for congenital
abnormalities, karyotype anomalies as well as
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chromosome aberrations among newborns were
estimated. The demographic data on popul-
ation groups covering 6,160 households, com-
prising of 7,600 couples and total population of
38,100 individuals were covered in two pan-
chayats. The data on abortions, still births,
multiple births, sex ratio, infertility, consanguin-
ity, etc. of the study population were also made.
The data do not seem to indicate any significant
differences between population groups residing in
normal background radiation and high back-
ground radiation areas.

Chromosome aberration frequency esti-
mates for population groups at various DAE units,
occupationally exposed to permissible levels of
low level radiations, were carried out. These
studies are being extended to Uranium Corpora-
tion of India Limited, Jaduguda, where the em-
ployees are prcdominently exposed to internal
exposure from radon and to a limited extent
from external gamma radiation. During February-
March 1989, over 300 samples were processed
for chromosome aberration analysis.
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8.1 Instrumentation

A demonstration of the Optical Data Link
developed in BARC was arranged for Vidcsh
Samachar Nigam. The data link has been modi-
fied to extend its range from 1 km to 2 kms.

Electronic circuits for all the amplifiers of 1
kJ : 1 nS glass laser have been developed. A
SMP supply for charging of energy storage
capacitor is being developed.

An Explosive Detector was developed for
bulk detection of explosives for Ministry of
Home Affairs. It uses a nidioactivc source for
transmission of fast neutrons from the matter
under observation. It is used for searching
vehicles for explosives hidden behind door panels,
sills and other cavities.

A fast optical radiometer incorporating a
PIN pholodiode has been fabricated for use
during safety surveys of industrial and laboratory
optical sources.

Six numbers of fixed filter beta gamma
continuous air monitors have been fabricated.

One NO2/NH3 monitor with alarm facility
was supplied to Heavy Water Plant, Thai.
Studies were also carried out to determine the
conversion of NH3 to NO in the cracker units of
Heavy Water Plants.

A variety of nuclear instrument modules
such as the low noise charge-sensitive pre-ampli-
fiers, constant-fraction timing analysers, 4K and
8K nuclear spectral Data Acquisition System
based on PCs, and Scintillation Counting Systems
have been designed, fabricated and supplied to
users. Some of these units are also being trans-
ferred for production at ECIL, in view of their
continuous demands in nuclear industry.

Development of a Video Frame Processor
for'visualising difference - images in industrial

radiography, template matching, intruder detec-
tion and other diverse applications has been com-
pleted and the know-how transferred to a
private industry for industrial exploitation. Based
on successful preliminary trials, an acoustic under-
water ambient noise recording system, housed in a
hydrostatic chamber and operated by battery
power, has been developed for NIO, Goa, for
oceanographic studies. Electromyograph useful
for neurological studies has been successfully
evaluated and it is being offered for industrial
exploitation under transfer of know-how.

Twenty-five sophisticated electronics instru-
mentation systems for radiation safety and health
assessment, of both environment and operating
personnel, have been supplied to different
DAE power projects.

Procurement of materials and installation
for the setting up of a flow calibration facility for
a flow of 0-3500 1pm was completed and the
actual erection of the facility was taken up.
Evaluation tests were carried out for lube fittings,
solenoid valves, ultrasonic flow meters, temper-
ature transmitters, etc. Setting up of various stan-
dard facilities under Centralised Process Instru-
mentation Unit (CPIU) is in progress.

Modification of process instrumentation
and controls for the Acid Regeneration unit,
OSCOM, IRE, Orissa was completed and the
plant was commissioned successfully with the
newly installed instruments.

8.2 Computer Based Instrumentation

A PC based Data Station for differential
scanning calorimeter for the study of thermal
properties of various materials has been devel-
oped. It automates the control of data acqui-
sition and processing of the data from differential
scanning calorimeter.

A PC/AT 386 based system has been
designed for recording and analysing induced
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microseismic events in the champion reef area in
the Kolar gold mines. The system will be installed
at a depth of 3 kms in the mine. Event status
information is transmitted to the earth station
online for monitoring.

A PC based interface for the Scandig
photometric microdensitometcr has been devel-
oped. The microdensitometer was earlier
equipped with interface to the PDP-11 computer.
This interface has been redesigned without chang-
ing the interface signal levels.

A PC based interface for low resolution
organic mass spectrometer has been developed
for carrying out the routine analysis of mass
spectrum.

A PC based data acquisition and pro-
cessing system for pulse radiolysis experiments
has been developed. The technique of pulse
radiolysis is a very powerful tool for the study of
mechanisms of fast chemical reactions initialed by
ionizing radiations in very short time durations of
the order of nanoseconds. The manual processing
of data generated in the form of oscilloscope
trace is cumbersome and time consuming. A PC
has been interlaced with the storage oscilloscope
using a GPIB port to acquire data and software
has been developed to compute the kinetic para-
meters by a linear least fit procedure.

A PC based high speed multiparameler
data acquisition system for processing data at the
rate of 10,000 events per second was developed
and installed at Pcllclron Laboratory, TIFR.

A 50 MHz 11 bit ADC has been designed,
developed and prototype engineered. Two ADCs
have been supplied for the position sensitive
detector assembly system and they arc already
functioning satisfactorily. Two more ADCs have
already been made for use at the Pcllctron. These
ADCs are undergoing final tests.

A nanosecond delay system which generates
very accurate fast delay for the experiments

using gas gun for studying the behaviour of
materials under high pressure has been devel-
oped. The instrument produces three indepen-
dent delays. Delays are selectable through
thumbwheel switches. The delayed outputs are
used to trigger different units situated at distances
upto 20 metres. Prototype model has been fully
tested by user. The final unit consisting of 3 delay
modules has been fabricated and tested and is
ready to be installed at user site.

Physical Protection System consisting of
perimeter protection, access control and CCTV
surveillance system was commmissioned at RAPS
and NAPS. Indigenisation of Central Controller
of access control system was completed. An
access control system suitable for OEM card
readers was also developed. A microcontroller
based system lor CCTV camera control with a
single video cable for video signal and
command transmission was developed.

One IBM-PC based image processing and
analysis system was developed for radiation dam-
age studies. Software was developed for shading
correction and grey level image processing.

A system was developed and interfaced
to Scanning Electron Microscope at IGCAR.
It consists of hardware and software for corre-
lation of electron image and X-ray image map
for chemical analysis.

A phonetic code based scheme of issuing
multipurpose identity cards was prepared and
submitted to Election Commission. Il was
accepted in the All India Conference of Chief
Electoral Officers at Tirupati in June 1989, for
introduction as a pilot project in the Stale of
Goa. Implementation of this scheme in the State
of Jammu & Kashmir was also undertaken.

A low cost high security identity card
making machine was developed for Ministry of
Home Affairs. The system consists of a video
camera, IBM-PC/386 computer system and laser
printer. The identity card details arc composed
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for 8 I-Cards for printing on an A-4 size sheet.
A photo base is maintained along with the
personal data for retrieval and verification.

A non-contact flow measuring system was
developed. Experiments were carried out on a 2"
pipe-section at Engineering Hal 1-7, BARC. The
actual flow rate is computed using an IBM-
PC/AT computer. Accuracy of measurement at
room temperature was + 3%.

For Heavy Water Projects, on-line multi-
channel hydrogen monitoring system was devel-
oped. The system provides signal processing, data
displaying, hard copy generations, dual alarm level
annotation and operator's interaction facility.
Constant detector block temperature controlled
by digital PID controller reduces ambient tem-
perature drift effect.

8.3 Control Engineering

Manufacturing and testing of 150 canned
motors has been taken up for Heavy Water Plant
at Hazira. A first batch of 100 motors has been
manufactured and delivered to site for instal-

lation. Since considerable expertise is available
on design and manufacture of canned motors
and these machines find wide application in
pctro-chemical and other industries, technology
transfer is planned. Development of a range of
canned motors for DAE use and also for tech-
nology transfer is undertaken.

The Giant Meter Radio Telescope Project
envisages control of thirty four numbers of 45
metre parabolic fully stcarable antennas spread
over a distance of 14 kms from a central control
room. A prototype DC servo drive and control
system has been fabricated to study the control-
lability from central station, interference of the
servo drive from radio star signals and the capa-
bility to position and track stars within accuracies
demanded.

A 16-bit microprocessor based data acquisi-
tion and control system for six axes neutron spec-
trometer has been designed and fabricated for use
in Dhruva for Crystrallographic studies. The
system is being used in conjunction with a PC for
data storage and analysis. A single station can
cater to the control of six spectrometers.
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9.1 Civil Engineering

The main construction activity during the
year was continuation of superstructure works
for the Waste Immobilisation Plant (Rs.9.58
crores) which were commenced in July 1987. The
civil works for service building in the complex
were completed and works in process building
including cells and ancillary structures are in
advanced stage of progress. Construction of 1(X)
metre high RCC stack (Rs. 30.5 lakhs) is in pro-
gress. These structures come under the nuclear
category and involve heavy RCC works and cells
which demand rigid quality control, consistency in
quality of materials and high degree of workman-
ship.

Construction of (i) underground water tank
of 50 lakh litres capacity for alternate water
supply line to BARC (Rs. 78.6 lakhs), (ii) low
cost covered shed for DPS at Trombay Village
(Rs. 26.26 lakhs), (iii) HT & LT Substation
attached to Prip Shed (Rs. 4.52 lakhs), (iv) RCC
trenches in Zone 12 in RSMS area, Trombay (Rs.
20.72 lakhs) and other miscellaneous works were
completed during the year.

Financial sanctions for expansion to
BARC Hospital at Anushaklinagar including
residential accommodation to Housemen (Rs.
190.00 lakhs) and construction of Bank and Post
Office building at Trombay (Rs. 22.78 lakhs)
have been received and detailed planning &
tender action arc on hand.

Further schemes under planning are
proposed extension to Radiomclailurgy Divi-
sion - Hot Cell Facility (Rs. 163.00 lakhs), Glass
House and Service Room for Biology and Agri-
culture Division (Rs. 8.90 lakhs), and covered
parking for cars and scooters at North Gate (Rs.
8.73 lakhs).

Due to ageing of the structures over the
years, structural repairs for (i) RCC jetty for Cirus,
(ii) prestresscd saucer type water tanks, and

(iii) modular laboratory building face-lift have be-
come necessary and these works are planned to
be taken up.

The maintenance of reactors, plants, labo-
ratories, utilities and other buildings at Trombay,
BARC hospital, and old & new Trainees' Hostels
at Anushaktinagar, NRL and Cosmic Ray
Research Lab buildings in Kashmir was carried
out. A grant of Rs. 84.00 lakhs was spent during
the current year on maintenance works. Major
repairs like renewal of waterproofing treatments
over old terraces, guniting to RCC members of
structures were carried out as part of the con-
tinuing maintenance activity.

Extension to Beryllium Machining Facility
(Rs. 3.88 lakhs) at Vashi is under construction.
Planning for construction of new dispensary
building (Rs. 9.37 lakhs) at Vashi is completed
and sanction awaited to take up construction.

Construction of 230 quarters (Rs. 311 lakhs)
and school building (Rs. 58.40 lakhs) at Tarapur
was completed and buildings were handed over to
the users. Detailed planning for construction of
479 quarters proposed under VIII plan is on
hand. At plant site, a scheme for augmentation
of water supply to various BARC installations
costing Rs. 246.50 lakhs has been finalised and
necessary estimate was submitted for sanction.
Due to change in the policy adopted by MIDC,
efforts for identification of other sources for wa-
ter are being made at higher level. Detailed
planning/proposals for extension to TAPS Hospi-
tal (Rs. 160.00 lakhs), 8lh set of RCC trenches for
Waste Management (Rs. 58.38 lakhs) and
renewal of waterproofing over PREFRE build-
ings has been completed and works will be taken
up after allotment of funds.

Financial sanction for construction of
National Centre for Compositional Characteri-
sation of High Purity Materials at Hyderabad with
a component ofRs. 177.00 lakhs for civil works
has been received. The compound wall around
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allotted area is completed and other infra-
structure works are in progress. Construction of
Bulk Analysis & Profile Laboratory, Admini-
strative Building, A.C. Plant and substation, cost-
ing Rs. 73.00 lakhs, is in progress. Detailed
designs for main Ultra Trace Analysis laboratory
are under finalisation.

After receipt of financial sanction for
expansion to Nuclear Research Laboratory
Phase-IH, Sringar, construction was taken up and
work is in progress.

Detailed proposals for additions and modifi-
cations to the existing buildings of Seismic Array
Centre (Rs. 4.50 lakhs) at Gauribidnur were final-
ised and works are being taken up as per sanctions
accorded.

The outlay on civil works of BARC
including outstation works during the current
year 1989-90 is Rs. 745.00 lakhs. The budget out-
lay for the next year 1990-91 is Rs. 862.00 lakhs.

Architects of BARC continued to render
architectural service for BARC works at
Trombay, Vashi, Tarapur and Srinagar; DAE
works at Anushaktinagar; Heavy Water
Projects at Kota and Baroda; Atomic Minerals
Division Projects at Nagpur, Hyderabad, Shillong,
Tata Nagar and Bangalore; VECC at Calcutta;
Guest House at Delhi; NFC at Hyderabad;
Tata Institute of Fundamental Research works at
Bombay, Bangalore, Ooty and Gauribidanur;
Giant Metrewave Radio Telescope Station at
Pune and Narayangaon; Tata Memorial Centre at
Bombay; Saha Institute of Nuclear Physics at
Calcutta; layouts and execution of Exhibitions at
Delhi and Hyderabad, etc. Architectural service
was also rendered for the completion of Phase-I
of Society for Applied Microwave Electronics
Engineering and Research, Department of Elec-
tronics, at Powai and New Bombay; and extension
to the Institute of Catering and Hotel Manage-
ment, Department of Tourism, at Bombay.

Common facilities needed by various

plants/facilities of BARC at Tarapur, like housing,
canteens, communications, maintenance of the
estate and other common services including civil,
electrical and mechanical maintenance, land-
scaping and cosmetic maintenance, depart-
mental transport including garage facilities, fire
services, etc. were iooked after.

230 quarters have been constructed and
allotted. The maintenance work of the BARC
staff colony has been carried out satisfactorily.
The cabin for the security personnel near the main
gate of BARC staff colony was constructed.

9.2 Electrical and Mechanical Services

Engineering, planning, estimation, procure-
ment, execution and commissioning of various
electrical, airconditioning, ventilation and other
utilities for various projects at Trombay, Vashi,
Tarapur, Srinagar, Hyderabad, etc. were carried
out. Such projects included PREFRE Expansion
and S3F at Tarapur, NRL at Srinagar, HARL at
Gulmarg, NCCM at Hyderabad, LCLP at Vashi,
etc.

Rotary compressed air system, first of its
kind in DAE,was successfully commissioned at
PEP, Tarapur. Microprocessor-based centralised
control system for electrical and mechanical
safety related equipments and systems, emergency
class III power supply system equipments, long
life and maintenance-free class I stand-by DC
source, plant communication system, etc. for
PEP, Tarapur, were commissioned. Emergency
communication cabling for DAE plant at Tar-
apur and microprocessor-based telephone
exchange at BARC complex, Vashi, were
installed. Design and planning work for extra
clean laboratories at NCCM at Hyderabad was
carried out.

Alternate water supply project for BARC
complex to accomplish energy savings and cost
savings adopting gravity flow system, micro
processor-based remote control, etc. was imple-
mented.
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Some of the other activities included, plan-
ning and design of electrical utilities at Tarapur
and Kota for NPC, development work for reactor
containment equipments, participation in NDSC
sub-committee for NAPP-I, providing testing
facilities for Ni-Cd storage batteries for KAPP,
NPC, etc.

Effective maintenance of infrastructure of
utilities like electrical power supply, service water
supply, ACR, ventilation, fire hydrant, compressed
air and material handling equipment, etc. was
carried out at BARC, Trombay, including BARC
Hospital.

9.3 Central Workshops

Central Workshops continued to design,
develop and manufacture different types of equip-
ments for various constituent units of D.A.E. and
various Divisions of B.A.R.C.

Some of the major equipments which have
been designed, fabricated and assembly tested
include Precision Goniometers, Air Cushion
based Neutron Spectrometer, Diamond Anvil
Cell Assembly for high pressure study, Mono-
chrotnator Spectrograph, Scanning Monochro-
mator, RFQ Accelerator, a Prototype Radio-
immunoassay Counter for nuclear, medical and
pharmaceutical applications, etc.

A number of precision equipments like
Triple Stage Spectrograph Assembly, Full Circle
Goniometers, Ion Target Chamber for Beam Foil
Spectral Studies, Ultra High Vacuum Molecular
Beam Scattering Chamber, S Axis Manipulator for
handling uranium ingots were designed and taken
up for manufacturing.

A vacuum chamber for dipole magnet
was fabricated for CAT. Fabrication of Cold
Neutron Vacuum Shrouds, a large number of
process equipments for FUS, WIP, KARP and
PREFRE have been taken up and are in an
advanced stage of completion. A Prototype
Onion Irradiator and Multistage Centrifugal

Extractor for processing irradiated nuclear fuel
are under manufacture.

Central Workshops has also manufactured
various equipments for nuclear power reactors.
These include additional support components and
secondaryshutdown system components for
NAPP, Fuelling Machine Heads for KAPP-II, Z'
Motion Guideways, Fuel Tubes and Shield Plug
Assembly components for KAPP. Manufact-
uring work on two Fuelling Machine Heads for
RAPP-3 Project is in an advanced stage.

Development work for establishing the
manufacturing process and tooling for inspec-
tion of End Fittings and Liner Tubes and Fuelling
Machine Head Ram assembly components for
500 MWe project has been completed and pro-
duction of the same has been taken up. Preci-
sion Investment Castings for Guide Tube Support
for TAPS are being made. A process for fabrica-
tion of ceramic components by injection moulding
of ceramic powders has been developed. Process
for chromium-rare earths oxide cermet coating
by aqueous electrolysis developed at Central
Workshops has been used for processing cylinders
used in heavy combat vehicles.

A large number of components for remote
manipulators were also manufactured for the
power reactor maintenance work. A special
purpose remote boring and grooving machine
has been designed, developed and prototype
tested. This machine will be used for nuclear
power reactor maintenance work.

Central Workshops has been rendering
maintenance services for machine tools and
equipments for various Divisions of B.A.R.C.
It has also Tendered metrology and N.D.T.
services to the projects executed by various
Divisions.

9.4 Remote Handling and Robotics

A number of projects under assembly during
the last year have been completed and tested.
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Automation systems for placement of
helical spacer pads on PHWR fuel elements for
welding has been completed and is being test run
for reliability. This system picks one pad at a
time from a magazine system and places it on the
fuel element for welding. The welder has only to
select the mode of operation and push a buiton.
Similarly, the automation system for placing bear-
ing pads on the fuel elements has been
completed and tried out successfully. This parti-
cular system accepts the two types of bearing
pads used, orients them and place them on the
fuel pin for welding. It is controlled by a small
programme logic control. Both the systems have
been developed to fit equipment currently in use
with a view to automate the process.

Gathering pellets from the final compaction
press (5 or more in number) and placing them in
molybdenum boats for sintering has been a
continuing problem at NFC. A new concept in
automating this process by surrounding the
pellets by a loop which is tightened around them
has been evolved. A Tick and Place' robot with
this features is undergoing trials. This will be in-
tegrated with positioning table for loading the
trays automatically, thus relieving operators of
working in an environment with a great deal of
UO2 dust. All the foregoing developments will
be useful not only in other plants which NFC is
planning, but also in the, PREFRE expansion
plant at Tarapur. This plant has been supplied
with a robot for handling and stacking pellets
inside a glove box. The robot is undergoing trials
prior to being integrated into the fuel fabrication
train. An upgraded version of this 4-axis robot
has been manufactured. This machine can be
dismantled and posted into a glove box for
reassembly and operation inside. Delicate oper-
ations like handling green pellets, pouring out
contents of test tubes into other test tubes, etc.
have been carried out. Currently, some experi-
ments based on the use of sensors arc being
done.

Keeping in mind the need to automate
chemical quality control in radiochemical plants, a

fairly elaborate robotic system LABOT is being
put together. Such involved operations as opening
screwed caps of vials, closing them, etc. have
been successfully done. Software, ultimately
eliminating the need for maintaining elaborate
written records, is in an advanced stage.

Several experiments in 'feed forward'
dynamic modelling of the 5-axial servo robot
have been very successfully done. The software is
being modified to allow full use of the high trajec-
tory speed of the machine. This work will be very
helpful in evolving Computer Aided Telemanipu-
lation (CAT). The AC servo manipulator, the
centre of the CAT system, is in an advanced
stage of assembly. It is hoped that, early this year,
tests can begin on this machine.

Walking and crawling mechanisms (which
offer excellent platforms for instruments of
inspection and survey) in several forms are under
development. A crawler for inspecting the space
between the two sodium containment vessels of
the PFBR-500 is being designed. The 18 degree
of freedom walking mechanism is nearing a stage
where tests on the software as well as the
mechanism can begin.

Pneumatics, both logic and servo-con-
trolled, will prove to be very useful in actuating
various mechanisms. Work is progressing in logic
controlled pneumatic systems and pneumatic
servo systems. The object is to have multi-
position, multispced control, using pneumatic
motors available in the country.

Special manipulators for carrying out
repairs to calandria of MAPS reactors have been
taken up on priority. One mechanical mani-
pulator for handling debris inside the calandria
has been assembled and successfully tried out
on mock-ups. Two more systems, one for
handling a video camera and another for the
repair of the damaged inlet manifold, are un-
der assembly. The latter system is a servo
manipulator with 5 joints, using pneumatic servo
drives developed entirely in BARC.
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FBTR and other reactors need to have their
coolant and other pipe lines inspected periodi-
cally. Currently, a pneumatically operated orbital
ultrasonic inspection machine (designed and
assembled in DRHR) is undergoing trials prior to
use in FBTR secondary sodium loop. This system
can be clamped on lo the pipe (8" dia) and oper-
ated on various modes remotely via a Personal
Computer.

The design of the Telethcrapy unit has
been completed and manufacture taken up in

Central Workshops.

Transfer of technologies developed (the
pneumatic pick and place robot, A.C. drag cup
induction servo motor and A.C. servo amplifier)
has reached a stage where several firms have
indicated their willingness to buy each. Several
more technologies (4-axis and 5-axis robots,
cheap Programme logic control, variable
frequency variable voltage servo drives, 3-phase
servo motors and pneumatic servo drives) are
likely to be available soon.
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10.1 Molecular Biology

Self cloning in H.influenzae is very efficient.
A number of genes have been cloned in this
system to understand various different mecha-
nisms pertaining to DNA repair, recombination
and mutagenesis. A new gene has been
designated uvr-3. Preliminary experiments on
cloning of human DNA in H. influenzae have
been encouraging^- It was possible to clone a
comparatively large segment of human DNA in
this system.

Lysogenization with the wide host range
actinophage WHRO5, earlier isolated and charac-
terized here, profoundly altered the properties of
a Strepiomyces fradiae strain. The lysogen differs
from its parent in antibacterial action against
several organisms, grows faster and produces a
darker pigment.

Some strains of tht nitrogen-fixing cyano-
bacteria (blue-green bacteria) can tolerate much
higher levels of salt than normal. They can prove
very useful model systems for elucidating the
mechanisms of salt-tolerance in bacteria and
plants, and possibly provide genes for constructing
transgenic plants capable of growing in saline
soils. Strains which accumulated less salt were
found to be more salt tolerant than those which
accumulated more salt. The inherent ability of
the strains to prevent sodium accumulation could
be further modified by environmental factors and
alkaline pH or by the presence of exogenous
combined nitrogen. Further, salinity stress was
found to be much more deleterious to cyano-
bacteria than an equivalent osmotic stress. Nitro-
gen fixation was found to be completely in-
sensitive to osmotic stress but was very sensitive
to ionic component of salt stress.

Salinity induced the synthesis of several
new pepfides in nitrogen-fixing cyanobaclcria.
These salinity stress proteins (SSP) were located
in membranes as well as in cytoplasm. In salt sen-
sitive strains SSPs were observed for a short time

while in salt tolerant strains they were synthesised
continuously at high rates.

A library of the genome of a salt tolerant
cyanobacterium was constructed. A procedure
was developed to detect DNA whose expression is
selectively induced by salt. Several cosmids har-
bouring such salt inducible genes have been
isolated. These are being screened for a likely
role in osmotic adaptation and salt tolerance.

Bacillus tahuringiensis a gram +ve bacte-
rium forms insecticidal protein crystals during
sporulation. The crystal proteins and toxic to the
larveae of a variety of insects. Genes coding for
the toxin were identified in several strains of B.
thuringiensis.. One such gene was cloned in a
multicopy plasmid vector to obtain transgenic
E.coli cells which produce a large amount of 130
KDa larvicidal protein. These E. coli cells
several retarded the growth of the larvae of a
polyphagus insect Spodoptera litura.

Studies reported earlier had indicated
that cell dcaih in cyarobacteria seen on expo-
sure to far ultraviolet light is not caused solely by
lethal damage to DNA and that the photo-
synthetic apparatus is an additional lethal target
of UV in these bacteria. Thermoluminescencc
studies with chloroplasts have now identified
oxygen evolving complex of this apparatus as the
site of sensitivity to UV.

Computer programmes have been deve-
loped to study gene expression efficiency from
DNA sequence of known genes and their
expression levels.

Single crystals of a multienzyme complex
containing the photosynthetic enzyme, ribulose
1,5 bisphosphate carboxylase (Rubisco) were
analyzed by X-ray diffraction. Inactivation of this
enzyme by (2-hydroxy-5-nitro) suifonium bromide
was found to be not due to any structural
changes in the enzyme molecule. Chemical
modification studies showed that the arginine

111



residues of N ADP malic en£yme play a rale in ̂ hc
binding of the substrate male. Mechanism of acti-
vation of phosphcnol pyruvate carboxylasc by
glycine and glucose 6-phosphate was elucidated.

Every phase of plant life is controlled by
plant hormones and at times when their
endogenous supply is diminishing under stress,
exogenous supplementation have proved amelio-
rative. Application of plant growth regulators
(=plant hormones) at Hag leaf senescence initi-
ation stage of husklcss barley, not only delayed
the leaf ageing but also increased yield by 15-20%.
Such ameliorative effect seems to be due to
enhanced chlorophyll retention.

Suppression of immunological reactivity is
necessary in organ transplantation and helps in
the control of allergic disorders. Studies on the
effects of immunosuppressive agents showed that
the drug cyclophosphamide was able to prolong
the survival of related skin grafts in mice when
administered 3 days before or on 1 or 2 days after
transplantation. Treatment of such mice with an
anti-iymphocyte serum prepared against the graft
activated lymphocytes further enhanced the graft
survival. In a separate study, it was observed
that a significant proportion of mice treated at
birth with this drug succumbed to wasting dis-
ease due to failure of formation of cells respon-
sible for immunological sufficiency.

Whole body gamma irradiation of CBA
mice affected precursors of suppressor T lympho-
cytes. In vitro irradiation of activated suppressor
T cells inhibited the release of suppresser factor
for regulation of delayed hypersensitivity in a
dose-dependent manner.

The mechanism underlying the anti-tumour
immunity displayed by allograft sensitized mice
are being investigc. ed. Therapeutic efficiency was
displayed by a sub-population of T lymphocytes
from these mice. In vitro cyto- toxicity to tu-
mour cells displayed by these cells, however,
required exposure to tumour cells.

Row cyVometty, a versatile technique VhaV
permits rapid (1000 cells/sec) analysis of cell
populations with respect to cellular content of
DNA, RNA, protein, surface receptors etc, is
being used to study effects of toxic chemicals
including mutagens on marine spermatogenic
cells. Flow cylometric studies based on DNA
profiles showed that benzo-(')-pyrene and cydo-
phosphamidc treatment of mice result in a
decrease in the spermatozoa 26 days alter the
administration of the respective compounds.

A peptide fraction partially purified from
the human ovarian follicular tissue was found
to induce dose related atresia in the mouse
.•ranulosa cells, leading to inhibition of ovulation.
In view of the possible potential of this fraction as
a contraceptive the dose-response of granulosa
cells was studied by flow cylomclry. Efforts are
being made to carry out How cytomelric charac-
terization of marine ovarian cells and tumour
biopsies preserved in frozen sections.

The technique of flow cytomctry is also
being used to monitor the distribution of SH
groups in the marine spermatogenic cells. Such
studies may be helpful in gaining insight into the
ciitical role these moieties arc known to play in
the protective mechanisms against damage
induced by radiation and/or environmental
chemicals.

Inhibition of mutagenic response in
mammals in vivo has potential implications in the
prevention of cancer and other genotoxic dam-
age that may arise due to exposure to ionizing
radiation and chemical mulagens. A group of
vitamins and trace metals have been recently
shown to be antimutagenic in prokaryotes. Such
agents can be used as prophylactic agents against
genotoxic damage provided they are found
effective in vivo in mammalian system. Cobalt
(II) chloride given inlraperitoncally inhibited the
chromosomal damage induced by methyl mel-
hancsulfonatc (MMS) and gamma rays in the
bone marrow of Swiss mice. Further experiments
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showed the inhibitory response against MMS to
be dose-related and time dependent. However,
vitamins A and E, failed to inhibit chromoso-
mal damage induced by MMS and cyclopho-
sphamidc used as model chemical mutagens in the
bone marrow of Swiss mice. Selenium increased
the frequency of micronuclcatcd cells in the bone
marrow of mice and produced an additive mut-
agenic response with MMS. The failure of vita-
mins and sclinium to exhibit any antimutagenic
response in mice may be due to the inherent
differences ir bacterial and animal systems or
may be related to the doses/concentrations of
these "gents achievable in the two systems.

10.2 Biochemistry

Studies were continued on regulatory
mechanisms at molecular and cellular levels,
structure-functions of proteins and nucleic acids,
sequence of molecular events in animals after
exposure to radiations and chemicals, and meta-
bolic basis of human pathological conditions. Bio-
chemical harnessing underlying newer techniques
also formed an important research programme

Evidence was obtained from rat thymus
nuclei for the presence of an cndonuclcasc activity
in the isolated discrete muitienzyme complex (1.3
mega dalton) of terminal deoxynuclcotidyl trans-
ferasc (Tdt) displaying specificity to VDJ signal
sequences. The structure-function relationship of
DNA polymcrasc in E. coli was examined for a
tamplate-primcr dependent substrate dcoxynu-
clcoside triphosphate binding domain using af-
finity labeling analog of dATP, the 5'-fluorosul-
fonyl benzoldeoxyadenosing (FSBdA). Unlike
FSBA, FSBdA-mediated inactivation occurred
when the template in the cnzyme-templatc-
primer complex is poly dT-dA1(). Arginine #682
was identified in the primary sequence of pol I as
the site of this reaction and possibly an essen-
tial residue in its catalytic domain when analysed
for comparative peplide mapping, amino acid
content and sequence of the modified peptide.

Studies on DNA prinutse in yeast mito-

chondria were continued. This enzyme which
seems to participate in the initiation of replication
of one of the strands of mitochondrial DNA was
found to exist as a single polypeptide of molecular
mass 60 KD. Other studies suggest that the
enzyme molecule could have an oligoribo-
nuclcotidc component, 8-10 residues long, as its
integral component and essential for enzyme
activity.

Characterization of some important
enzymes of microbial species of Coryneform
group of bacteria was continued. Both rnelibi-
ose and raffinose induce the samea-galactosidase
enzyme in Coiynebacateiium murisepticum. It was
observed that this enzyme resembled in most of
its biochemical properties and immunological
characteristics, the transposon-Iocated, plasmid-
encoded a -galactosidase of the raf of E. coli.
Thus this would indicate that the a-galacatosidasc
gene of the ra/operon off. coli and that of Cory-
nebacaterium could have evolved from a common
ancestor. However, no immunochemical relation-
ship could be established between them. C.
murisepticum galactosidasc exhibited partial
immunological identity with ot-galactosidase from
Klebsiella pneiimoniae, unlike the plasmid-codcd a
galactosidase of E. coli. This suggests that
Qjrvnebacterium exhibits a distinct mode of
raflinose utilisation and that a-galacatosidasc is
specificed by only one opcron, presumably
located in bacatcrial chromosome.

In vitro studies have shown that the
metabolite-induced modulation of lactate dehdro-
genase (LDH) which results in excess formation
of oxalate leading to kidney stone formation
was dependent on the available concentration
of glyoxylale and NAD+. Addition of glyoxy
late reductasc or glyeolic acid oxidase which share
a common substrate, viz., glyoxylate, impedes
the LDH-catalysed formation of oxalatc from
glyoxylate.

Studies on structure of biomembranes
revealed that interaction of DPPC with the
tridecapeptidc neurotensine caused a change in
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the mobility of phospholipid hcadgroups and, in
turn, the phase of the model membrane.

IN Halobacteria, the high-salt requiring
bacteria, fructose is formed from the sucrase and
mannitol through the action of sucrase and man-
nitol dehydrogenase, respectively. Metabolism of
such endogenously formed fructose entails an
ATP-medicated phosphorylation due to
kctohexokinase. Thus, the product fructose 1-P
could be converted into fructose 1,6-P2 by Fj-P
kinase for further channelling via the glycolytic
pathways. In H.mediterranei, the products of
anaplerotic CO2 fixation in presence of NH4, pro-
pinnaic or pyruvate and CO2 were identified as
pyruvate. aspartate, glutamate and alaninc.
FDP aldolas'e isolated from H.vallismort'is is a class
I enzyme in spite of its prokaryotic origin. It is a
homomcric decamcr of Mr 280,000 which forms a
Schiff base intermediate with the substrate
dihydroxyacetone phosphate and a lysinc residue
at its active site.

Studies on biochemical changes occurring
in uterus during implantation have revealed the
in situ synthesis of a new membrane protein that
may have a role in the differentiation of stromal
cells into decidual cells.

Investigations pertaining to the imbalance
of hormones and their metabolism were conti-
nued. Maternal transfer of thyroxinc (T4) and
triiodothyronine (T3) was established in rat fetal
brain and other tissues by determination of their
levels in early gestation using an ultrasensitive
radioimmunoassay technique. Hypothyroidism in
rats led to higher levels of blood folatcs akin to
those attained following the administration of
vitamin B12- Using pancreatectomised rats, it was
proved that conjugated dietary folates have to be
hydrolyscd by a pancreatic enzyme prior to their
absorption in the jejunum.

Strcptozotocin-induccd diabetic condition
caused accumulation of simple folatcs from the
more active conjugated folates in the rat liver.
The levels of folate in bone marrow remain

unaffected even one month after administration of
the antiepilcptic drug phcnobarbitonc. Impair-
ments in the rat liver mitochondrial respiration
rates, ADP-phosphorylation rates and levels of
cytochrome were observed in response to over-
doses of paracetamol indicating dysfunctions in
the energy metabolism.

Studies relating to the role of dietary factors
in relation to the cardiovascular implications were
pursued. In rats, heated or thermally oxidised
edible oils, namely, coconut, groundnut and
safflower oils did not show a pronounced effect
on the plasma lipid parameters when fed in acute
and short term studies.

In hypertensive patients, generating poten-
tial of endogencous vasoconstrictor (throm-
boxane) and vasodilator (prostacyclin) was at
variance. The plasminogcn activator was also
found in lymphosarcoma of mice and its activity
was comparable to that from Yoshida sarcoma,
particularly for dissolving the fibrin clot bound to
plasminogen.

Programmes on biochemical mechanisms
underlying malignant transformations are being
continued. Studies on inhibitory effect of nicoti-
namidc on dicthyl nitrosamine-induccd hepa-
tocarcinogcncsis in rats was found to be at
multiple levels of cellular constituents. This con-
clusion has been arrived at on the basis of
significant inhibition of gamma-glutamyl
transpcplidase, glutathionc-S-transferascs activi-
ties, as also poly (ADP-ribosc) polymcrase activity
which is known to modify chromatin protein
components and activate protooncogencs.
Glutathione-relatcd enzymes did not have any
protective role in this malignant transformation as
can be judged by their influence during feeding of
nicotinamide and the carcinogen.

Experiments with aflatoxin B} and N-nilro-
sodicthylaminc suggest that hepatic flavin cocn-
zymes arc modulated by the carcinogen treat-
ment, and riboflavin is found to suppress mole-
cular reactivity of carcinogens. The molecular
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changes induced by aflatoxin Bj appear to be
single-strand breaks in DNA followed by the
alterations of nuclear transcription and induction
of poly (ADP-ribose) synthetase activity in nuclei
which levels off with the ultimate repair of dam-
aged DNA. The N-nitroso group of carcino-
gens, however, elicits different molecular action
in the target tissues such that alkyl-nitrosamide
modifies mucosal polysomes. This may probably
have a relevance to carcinogenecity of N-nitroso
group chemicals in stomach.

Using in vivo and in vitro model studies, it
has been observed that several factors including
novel rctinoids, riboflavin, 3-carotenoids, natural
coumarins, synthetic flavones, natural phenolic
flavonoids and the trace metal copper have the
capacity to antagonize the molecular reactivity
and biological activity of several carcinogens.
Most of these factors have been found to act
through interactions with cytochromc P-450.

Evidence has been obtained for the pre-
sence of a monoxygenase system in liver mito-
chondria which contains an active flavin-
containing oxygenase, and participates in electron
transfer through cytochromc, P-450 and
NADPH.thercby oxidising the substrate. Studies
with aflatoxin B, showed that oxidised metabolite
could form covalcnt adduct with DNA which
emphasizes the importance of mitochondrial
DNA in carcinogcncsis. Antilumour activity of
heal inactivated lactic acid bacterial cultures
against fibrosarcoma, sarcoma 180 and Ehrlich
ascitcs carcinoma in mice was correlated with the
mechanisms through immune response possibly
via the participation of T-cclls in developing
tumour immunity. Urinary plcridinc levels were
found to be an accurate index for monitoring the
severity of cancer of the cervix in humans. A
promising potential in the prognosis of cancer at
various stages of dcvclopmcnl in oncology clinics
is suggested by examination of isoenzyme
pattern of sialyltransfcrasc isolated from blood
plasma of neoplastic subjects by gel electro-
focussing. These displayed selective disappearance
of pi 4.8 component and elevation of all ihc

other pi. Efficacy of estrogen and progesterone
receptor treatment given to breast-cancer patients
was to the extent of 60%.

The effect of whole body radiation expo-
sure (25-1000R) on DNA synthesis was exam-
ined in rats whose heads were protected by lead
shielding. Whole-body radiation exposure
resulted in graded inhibition of DNA synthesis
in spleen and ihymus. In the partially protected
rats, the DNA synthesis was not arrested. Lead
shielding of the spleen during irradiation could
not afford any protection of DNA synthesis while
a partial protection "ould be seen if the thymus
was protected during irradiation. The radiation
induced changes in DNA synthesis could be
attributed to indirect effects of radiation medi-
ated through neuroendocrinc mechanisms. Pre-
treatment of rats with nicotinamide was shown to
prevent gamma-radiation induced degradation of
liver microsomal cytochrome P-450 and mem-
brane damage.

The incidence of dominant lethality of mice
tended to rise in the week 3 with increase in dose
of gamma rays prior to mating, indicating
increased radiosensitivity in less mature oocytes.
The incidence of congenital malformations
following irradiation was time-dependent.
Dwarfistn was found to be the commonly observed
congenital abnormality irrespective of radiation
exposure in different stages of cstous cycle of
mice. Mcta-bolism of Sr and Ca was examined in
rat using 89-9(*Sr and 45Ca and compared with
that in human by determining their levels and the
ratio in the diet and excretion (24 h).

10.3 Bio-Organic Chemistry

Research programmes in bio-organic chem-
istry are interdisciplinary in nature and relate to
photochemistry, biosynthesis, biotransformation,
chemical ecology and synthesis (including chiral
synthesis) of bioaclivc compounds. Phylochcmical
investigations of about a dozen of plants, many
of which arc reputed to have medicinal properties,
were carried out. As a result, coumarins.
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xanthones, prenyhited compounds, sesquiterpcnes
and alkaloids were isolated. With the installation
of 2(X) MHz FT-NMR spectrometer, extensive use
of NMR techniques have been made in structural
and interaction studies. A novel non-destructive
technique involving 2D-NMR spectroscopy in
conjunction with solvent induced shift has been
developed which furnished unique structural
information of organic molecules. NMR spectro-
scopy is also being used for studies on structure
and binding interactions of oligonucleotides and
oligopeptides.

Amongst bioactive compounds, an acety-
lenic compound, capillin, isolated from annual
shrub, Artemisia nilagirica was found to have
wide spectrum of insect loxicity on the different
developmental stages of mosquito and red-cotton
bu«». The insect antifccdanl principles of the
common garden plant, lady's lace, were isolated
by bioassay directed fractionation and have been
characterised as khcllin and visnagin. The
structures of the active principles were altered
chemically and the analogs thus obtained were
evaluated for the feeding dcterrency. These
studies have contributed towards the knowledge
on structure-activity relationship. The researches-
on anti-moulting hormone activity of the plant
product, plumbagin. have been extended to
related compounds and on several insects.

Extensive work in the are of biosynthesis
has been carried out using stable, as well as
radioactive isotopes. Using 14C-labcllcd substrates
and locating the enriched sites by chemical
degradation, the biogenctic origin of the chro-
monc ring has been established. Formation of
uniformly labelled khcllin from [U-14C]lcucinc
suggest that the substrate is incorporated after
its metabolism to [l,2-14C2jacetate. Unusual in-
corporations of [1-14C)- and [2-14C] glycines have
also been observed. //; vivo biotransformation of
visnagin to khcllin and khellol has established
their biogenetic co-relations.

Synthesis of bioactive compounds is another
important area of bio-organic chemistry. In

continuation of efforts towards devising practical
synthesis of agrochemicals, new syntheses of
phcromoncs of cotton pests have been deve-
loped. Synthetic pheromone of sugarcane pest is
under field trials. Studies in these areas have been
extended to the synthesis of chiral compounds
using chiron approach, asymmetric reactions and
microbial transformations. Chiral synthesis of
(S)-4-hexanolidc, a chiral phcromonc of stored
grain beetle, Trogoderma glabrum has been
accomplished. Synthetic insect phcromoncs are
gaining • increasing importance in the modern
insect control technologies.

Synthesis of biologically active scsquiter-
penoid, (+-) hirsutcne has been achieved by
stereoselcctivc intramolecular enc-rcaction of 1,6
diencs. A new methodology for the preparation
of isotopically labelled compounds has been
developed and used for the synthesis of labelled
(with *H or 2H) khcllin and visnaging which arc of
medicinal importance. A convenient method for
the preparation of important radiopharmaccutical,
namely hexamcthylcncpropylene amine oximc
(HM-PAO) which has extensive use in cerebral
perfusion imaging has been developed. Nitroso
compounds have recently acquired importance
because of their mutagenic and carcinogenic pro-
perties. An excellent method for preparation of
nitroso derivatives of food-related compounds has
made these compounds available for laboratory
studies. In the area of biocatalysis, microbial
systems have been utilised for the rcgio- and
stcrcospccific reduction of carbonyl groups to
chiral alcohols which served as chirons for the
asymmetric synthesis.

As a spin-off from the researches in the
above mentioned areas, several new synthetically
important methodologies have been developed
which would be useful for the preparation of array
of compounds. A one-step synthesis of O-hetcro-
cyclcs catalysed by titanium (II), has been deve-
loped. Novel sonochemical hydrodimcrisation
and deoxygenation of carbonyl compounds were
canicd out at ambient temperatures. Inversion
of chirality, mild prcnylation and intramolecular
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ene-reaclions are some of the examples of new
synthetic methodologies which were developed.

10.4 Nuclear Agriculture

Certified seed production programme of
the BARC varieties of pulses was enhanced by
the Maharashtra State Seeds Corporation. During
the year, over 470 metric tonnes of seed was pro-
duced and distributed to the farmers. About 38
metric tonnes seed of rice cuitivar Hari was pro-
duced by Andhra Pradesh Seeds Corporation.
Nucleus and breeder's seed was supplied for
foundation seed production programme of the
Agricultural Universities in the States of Maha-
rashtra, Gujarat, Andhra Pradesh, Karnalaka,
Assam and Orissa. Rashtriya Chemicals and
Fertilizers, Bombay, and Indian Farmers Fertilizer
Cooperative Limited included the BARC crop
varieties in their lab-lo-land programme.

During the year, several crop varieties
developed at BARC were approved lor release,
or pre-release adaptive trials. Munghean variety
TAP-7 which was released and notified for Maha-
rashtra in 198.1 was approved lor cultivation in
Karnataka Stale by the University of Agricultural
Sciences. Dharwad. Blackgram varieties TAU-2
and TPU-4 were recommended for pre-releasc in
Vidharbha and Western Maharashtra regions
respectively by the Agricultural Universities at
Akola and Rahuri. Punjabrao Agricultural Uni-
versity also recommended groundnut variety
TAG-24 for release, and rice variety TSSR-12 lor
pre-relcase in the Vidharbha region. Konkan
Agricultural University, Dapoli. recommended
groundnut variety TG-19A for adaptive trials in
the Konkan region. Another groundnut variety
TGS-1 was recommended for release and adaptive
trials in Gujarat by Gujarat Agricultural Univer-
sity under the name 'Somnalh*

Powdery mildew is a serious foliar disease
of mungbean causing about 40-70% losses in
yield. Earlier, a simple, reliable method for
assessing disease response on excised mungbean
leaves under controlled conditions was developed.

This method was used for screening mungbcan
germplasm for identifying resistant sources to
local isolate of powdery mildew fungus and in
breeding experiments. Some of the local strains
grown in Raipur region of MP showed resistant
reaction to powdery mildew disease. These resis-
tant stocks were hybridized with the improved
strains developed at BARC. One of the selections
derived from these studies, TPRM-2, gave 78%
higher yield in multilocation trails over
recommended mungbean variety TAP-7 in rabi
season in powdery mildew endemic region of
Maharashtra.

A strong correlation between the tryspin
inhibitor activity (TIA) and resistance to pod
borer, a serious pesl of pigeonpea, was found in
the stocks obtained from the International Crops
Research Institute, Hyderabad. This has opened
possibilities of developing pod borer resistant
cultivars by selecting for higher TIA.

The nitrogen contribution of stem
nodulating5c*.s7;«/;/rt rostrata and S. aculcata green
manure crops to the succeeding rice crop was
compared. Rice yield from plots having S. rostnita
as green manure was statistically equal to that
from 5. aaik'iita. S. rostrata plants which pro-
duced stem nodules had very few or no root nod-
ules. Both species contributed about 60 kg n/ha
for the succeeding rice crop. Though S. rostrata
had the highest nitrogen content in the aerial
plant parts, it did not contribute to higher yield of
rice crop as compared to rice plots green
manured with 5. aculeala having only root
nodules.

The structural gene Adh-Al for the
enzyme alcohol dehydroganase was mapped by
crossing a semidwarf hexaploid wheat derivative
carrying the variant allele Adh-Alb to Chinese
Spring ditelo-4A(alpha). Cytological and clcctro-
phorelic analysis of test-cross plant indicated that
the Adh-Al gene is located 20.0 + 3.5 crossover
units from the -centromere on the alpha arm of
chromosome 4A. Gibberellic acid response of
test-cross progeny showed that the major dwarfing
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gene in the variant line is independent of the 4A
centromere as well as the Adh-Al gene.

Field, trials with ammonium polyphosphale
(APP) fertilizer continued in different soil crop
combinations at several locations. Trials con-
ducted by the Directorate of Pulses Research
(ICAR) showed that APP was superior to dia-
mmonium phosphate (DAP) for chickpea at
Khargone, while at eight other locations and for
pigeonpea, mungbean, blackgram and cowpea
crops, it was equal to DAP. These and previous
results of the Directorate of Rice Research have
established that the high nutrient, complex
fertilizer APP is superior or equal to DAP. Based
on a semi-commercial production plant set up
by Rashtriya Chemicals and Fertilizers, Bombay,
APP is expected to be 10-15% lower in cost than
DAP. APP is also an effective carrier for micro-
nulirenLs like zinc and iron.

Dicofol, a miticide applied at normal field
application rate or at ten times of this rate, had
no effect on the various stages of the four major
biogeochemical cycles of the soil. Carbon,
nitrogen, sulphur and phosphorus cycles and the
soil microbial activities in two soil types - Vertisol
and Alfisol were not affected. The miticidc
biodegraded in soils with the formation of
the metabolite dichlorobcnzophcnonc (DBP).

Influence of an egg parasite Trkhog-amma
brasiliensis on population build-up of potato
tuber moth (PTM) was evaluated in an artifically
infested potato crop. Inundalive release of para-
sites to coincide with the host egg laying, and
release of sterile females of tuber moth at appro-
priate time to augment parasite sustenance
resulted in reduction of tuber moth population.
Using genetically marked PTM established in our
laboratory and employing release-recapture
method, differences in moth populations could be
measured. A dry pheromone bait trap has been
developed for monitoring tuber moth activiiy in
the field.

Bacillus sphaericus (ISPC-8), a highly viru-
lant strain effective against Culex and Anopheles
mosquito larvae reported earlier, was also found
to be effective against larvae of two more mos-
quito species, viz. Aedes aegypti which is the
vector of yellow fever and Culex tritaenior-
hynchus, vector of Japanese encephaliatis. The
bacillus also exhibited recycling potential. In-
stability for mosquito larvicidal activiiy, however,
was observed in all B. sphaericus strains isolated
so far, and this was attributed to the appearance
of reversible non-toxic variants.

/0.5 Bio-Technology

Somatic embryogencsis followed by plant
regeneration was achieved using embryo explants
of several grain legumes such as Arachis
hypogaea (groundnut), Glycine max (soyabcan),
Cicer aiietinum (chick pea), Cajanus cajan
(pigeon pea), Psophocarpus tetragonolobus
(winged bean), Vigna mungo (urad bean) and
Vigna radiata (mung bean). The regenerated
plants of Arachis hypogaea were transferred to
field for evaluation.

Tissues cultures of Eleusine coracana
(Ragi) and Pennisetwn americanum (Finger
millet) which showed a high potential for somatic
embryo formation were treated with gamma rays
or EMS. The regenerated plants were trans-
planted to field for evaluation.

Somatic embryos of sandalwood were
encapsulated in a suitable gel to develop syn-
thetic seeds. Sodium alginate (3%) proved bene-
ficial for encapsulation. Incorporation of silica gel
into alginate provided a better support and pro-
tection for encapsulated embryos. Axillary buds
of mulberry were also encapsulated using
sodium alginatc. Encapsulated buds of mulberry
could be stored at 4°C for 45 days without loss
of viability. Parameters for efficient conversion
of synthetic seeds into plants were investigated.
Addition of proper fungicide to cncapulating
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matrix helped the synthetic seeds to establish in
non-stcrile soil.

Kanamycin resistance and hygromycin
resistance were used as markers for studies on
somatic cell hybridization between two different
species of Vigna. Hybrid cells colonies were
obtained and attempts are being made to differ-
entiate plants from the somatic hybrid colonies.

Biochemical studies were carried out using
SDS-PAGE to study the differences in the pro-
tein profiles between seed embryo and hi vitro
obtained somatic embryos. Similarities in the
protein profile of somatic embryos in Santalum
album (sandalwood) and oilpalm were observed
indicating that they were comparable to a seed
embryo.

Cell cultures of Ariemesia annua were
found to contain artemisinin (Qinghaousu, a
plant drug used against acute cerebral malaria.
Artemisinin (0.950 mg % f. wt.) and artiannuin-B
(6.57 mg % f.wt.) were detected in differentiat-
ing callus tissue cultures oiArtemesia. Hairy root
cultures were induced from Coleus fosskoMii,
R. serpentina, Wilhania somnifcra and Catha-
ranlhus roseus by Agrobacterium rhizogenes with a
view to studying the alkaloid patterns.

10.6 Food Technology

Extensive R&D programmes conducted in
BARC in the past have led to the standardization
of irradiation technology for food preservation
under tropical conditions existing in India. This
technology is now and onions for export. As a
part of this endeavour, plans for augmenting
public awareness for the acceptance of this tech-
nology have been put forth.

Apart from the ongoing research projects,
collaborative studies to assess commercial feasi-
bility and market acceptability of irradiated foods
were undertaken. Thus, a storage trial, to
evaluate the tech no-economic feasibility of
gamma irradiation for shelf-life enhancement of

onions, is in progress in collaboration with the
Gujarat Agro-Industrial Corporation Ltd. near
Ahmcdabad. Examination of the stored onions
over a period of 7 months showed that irradiation
effectively prevented sprouting in the onions
under local storage conditions without any alter-
ations in the quality. Shelf-life of rawa, pre-packed
in BOPP/LDP pouches could be extended upto
6 months by gamma irradiation, at an optimum
dose of 0.25 kGy without any alteration in its
overall acceptability. Similarly, elimination of
insect infestation in some brands of food mixes
was achieved by irradiation at doses of 0.3 to
0.5kGy. No change in the profiles of volatile and
non-volatile components of irradiated (10 kGy)
and unirradiatcd pre-packed whole spices was
observed during 12-month storage at ambient
temperature. Irradiation, followed by ice storage
for 14 days, did not significantly affect lipid pcr-
oxidation in the meat of the fishes such as
pomfrct, seer and mackerel, although enhance-
ment of lipid pcroxidation was observed in
pomfrct skin. Methods arc being developed to
completely eradicate cntcropathogenic bacteria
such as E. coli and Salmonella from frozen
chicken and eggs.

Development of detection methods to
identify irradiated foods is a major on-going
project. A time dependent decrease in electrical
conductivity after inserting a suitable electrode in
a potato tuber could be used to detect irradiated
potatoes. A method developed to detect irradi-
ated spices and spice mixes using the thermo-
luminisccnt (TL) properties of irradiated common
salt could be gainfully employed by introducing
sachets of salt in packs of spices. When irradiated
at 10 kGy, the salt gave a TL ghw which could be
detected, even after storage, on a TL glow
reader. The low levels of TVA and TVBN
produced by microflora, obtained from unirradi-
atcd mackerel, pomfret and seer fish, after
seeding in the respective irradiated fishes, could
be used as a method to detect fish irradiated even
at a low dose of 0.5 kGy.

The suitability of a solar dryer, designed and
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fabricated at BARC for sun drying of various
food products like banana and grapes was
demonstrated. After 5.5 months of storage at
room temperature the solar dried raisins were
free of mould growth and were acceptable. The
transfer of this technology for commercial utili-
zation through the Technology Transfer Cell is in
progress. A process to make partially deodo-
urized fish powder from doma consisting of
deboning, cooking at low pH, dehydration
at 56°C followed by pulverization is being
developed.

m-RNA isolated from wounded potato
tuber tissue was used to construct a c-DNA
library of 106 clones in Lambda gtiO vector.
Concentration dependent appearance of multiple
molecular forms of potato tuber cinnamate-4
hydroxylasc during gel filtration was demon-
strated. A natural cofactor of this enzyme was
identified as a pteridinc derivative. An alkaline
proteinase from Bombay duck having maximum
activity at pH 8.0 and 60°C showed preference
towards casein, azocascin and azocoll but not
scrum albumin. The back muscle of crab was "Iso
found to be a rich source of azocoll splitting pro-
teinasc exhibiting similar substrate requirements.
An alkaline proleinase from purified buffalo
kidney lysosomes, when purficd by affinity
chromatography resolved into two peaks out of
which the first peak accounted for 80% of the
activity with a purification of 90-fold whereas
the second peak was purifi -1 30 fold and consti-
tuted 20% of the activity.

Adherence of thioglycoJale (TG) elicited
microphages obtained from rats fed with 4% pro-
tein was significantly lower than that of the TG-
clicited and even the resident cells from control
group fed with 20% casein, indicating that pro-
tein malnutrition adversely affected membrane-
related macrophagc functions. The food dye,
erythrosinc, induced an extremely lylic effect on
the Telrahymena pyriformis cells in stationary
phase within 9 to 15 hours of exposure to the dye.
The insecticides, endosulfan, malathion and per-
melhrin, were found to be nongenotoxic, by both

the Ames/Salmonella assay and the B. subtilis
multigen sporulation assay.

Total phenolic content in cinnamon was
highest in the bark and lowest in the bud;
cyanidine was identified as a major flavonoid
constituent of the phcnolics. The top odour note
in the essential oil of bark and twig of cinnamon
was associated with cinnamaldehyde super-
imposed with cinnamyl alcohol and cinnamyl
acetate whereas the leaf oil had clove-like odour
note with euganol as the predominant constituent.

A method, developed for the immobili-
zation of yeast cells, containing invertase through
adhesion using polyethylenimine (PEI) coated
cotton threads, could be used for the continuous
hydrolysis of 60% sucrose syrups in a thermo-
conlroller packed bed reactor. Studies on the
removal of lactose from milk by heterogeneous
fermentation using Klyveromyces fragilis, immobi-
lized in Ca-alginate, showed that cells grown for
12 hours were very efficient compared to those
grown for 24 hours or 36 hours. Pectinolytic
activity of fungi, immobilized on sponge could be
used in a specially designed bioreactor for the
production of extracellular pectinasc.

10.7 Radiation Medicine

Gastrointestinal studies of radionuclide
applications including the study of gastrocso-
phageal reflux, ocsophageal tansit lime studies to
delect abnormal function of the process of swal-
lowing and transit to the stomach were conducted.
"mTc-sucralfale, a new radiolracer, is being
evaluated for the detection and localisation of
peptic ulcers. 14CO2 is collected by a simple tube
placed in the mouth and the exhaled breath is
collected into a liquid scintillator for measure-
ment of the CO2 liberated by abnormal bacteria
from 14C urea given orally in patients with
duodenal ulcers. This test has been shown to be
simple, safe and sensitive and tajces only 20
minutes to perform.

"Nuclear cardiology package" study is
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offered which includes rest and stress multignted
blood pool imaging studies to quantify the con-
tractile function of the left ventricle of the heart
and to assess the abnormalities in wall motions.
This information is needed to study the heart
function. Rest and stress 99mTc jsonj t rjie (JBI)
studies are also performed on the same patient oil
several occasions to study the defects in blood
supply to the heart and is especially useful in
patients with coronary insufficiency and in the
follow up of patients undergoing coronary by-pass
surgery. These studies are also useful in moni-
toring patients who are on cardiotoxic drugs and
can indicate the necessity to discontinue the
drugs. The effect of continuous haemodialysis
on the heart of patients with chronic renal failure
is under evaluation. Patients with hypertension
are evaluated by studying the kidney function
before and after administering a drug called
Captopril, which is able to distinguish patients
with hypertension due to narrowing of the renal
arteries. As this is a surgically correctable disease,
it needs to be diagnosed quickly and accurately.

WmTc-DMSA as a tumour localising
agent is studied for the location of metastascs
from medullary carcinoma of the thyroid and in
patients suffering from head and neck cancers
and cancers of breast and prostate. " m Tc-
HMPAO is being evaluated in animals for its
biological characteristics, toxicity and behaviour
before application to human subjects for brain
imaging. 13II labelled MIBG is being studied in
rats, rabbits and dogs as an adrenal scanning
agent. This compound is useful in the study of
ncuroblastomas, a childhood malignancy.

Labelling of blood cells like leucocytes and
platelets is being standardised for use in the
location of inflammatory lesions like abscesses,
bone infections and abdominal abscesses which
are difficult to locate by other investigations.
Platelets will be useful in the study of thrombolic
episodes in the blood vessels.

Study of lung membrane premcability using
99mTc-DTPA aerosols and the time taken for the

clearance from the lungs was studied in chronic
smokers and nonsmokers. This test helps to
detect the early damage to the lungs from smoke
before the patient has any symptoms. Another
test which also indicates damage to the air
passages is the study of mucociliary clearance.
These tests arc helpful to evaluate damage due to
various disease states also.

Animal models of vitamin D deficiency
have been developed and a number of bio-
chemical changes were observed on the mem-
brane metabolism in the liver as a result of
changes in various enzymes of their functions
related to vitamin D deficiency. The interrelation-
ship of vitamin D and calcium was also studied.

Stringent quality control procedures were
evaluated regularly for the production of
ultrapurc WmTcO4 for radiolabclling of various
compounds used for patient investigations. As a
part of quality control, the various binding
properties of blood components to different
compounds like WmTc-Phytate and WmTc-DIP-
IDA were also studied. These findings help in
understanding the biological properties and
distribution characteristics of the compounds used
in patients.

The effect of disease states on the thyroid
hormones was evaluated in patients on hacmo-
dialysis and in those who had a renal transplant
and those suffering from a variety of liver disease.

The presently used radioimmunoassay tech-
niques are being updated and modified so as to
improve their sensitivity, specificity and time
taken to complete the test results. This modified
technique has been used in the detection of
scrum thyroglobulin which is an important '"'rkcr
for mclastascs of thyroid cancer.

Monoclonal anlithyroglobulin antibodies
are used to help in the diagnosis of histopatho-
logical sections of patients with an unknown
primary malignancy. This positivity obtained by
using a enzyme labelled monoclonal antibody

121



has helped in the diagnosis of many difficult
cases.

Animal models of hypothyr^id rats have
been studied with special reference to the evalu-
ation of malic enzyme which is an important
marker for brain development and maturation.
This study will help to identify the defects
produced in the brain of hypothyroid children
who later develop severe degrees of mental
retardation.

Study of abnormal antibodies 10 various
thyroid fractions are being evaluated to help
understand the pathological changes observed in
various . yroid disorders.

An ELIZA test developed as a dot of
colour on cellulose nitrate paper was evaluated
for the diagnosis of leprosy and tuberculosis.
This test was simple, quick and could be read by
the eye without the aid of laboratory insirumerls.
A drop of blood was required for diagnosis of
leprosy and a sample of sputum was needed for
the screening jf tuberculosis. These tests are
being evaluated for their efficacy at the field
level in the screening of patients ofcpHcmio-
Iogical studies. In addition, more intensive and
accurate tests arc being developed for radio-
immunosassay and ELIZA methods to test
various manifestations of tuberculosis like
meningitis, lymph node involvement, etc. In
add-on, detailed studies on the abnormalities
produced in the patient with respect to the
immunological status or host defence is evalu-
ated in order to understand the interplay
between the patient and the organism and to
understand how and why the severity of the
disease is associated with the body defence
processes.

10.8 Radiobiology

Female Swiss mice maintained under
standard laboratory conditions hardly show any
thymic lymphoma during their life span. How-
ever, whole body exposure of 42-45 days old

animals with 100, 200 and 400 GY of X-rays
caused thymic lymphoma in 6%, 26% and
48% animals respectively when these were in
their 26th generation of inbreeding. At the same
age in the 51st generation of inbreeding when
animals were given 100 Gy of whole body expo-
sure with X-rays, the incident of thymic lym-
phoma increased to 88%. Although the experi-
ment is only partly completed, a marked
increase in radiosensitivity to neoplasm induction
as a consequence of continuous inbreeding has
been observed.

Animals irradiated with 100 Gy of X-rays
at 24, 48, 72 and 96 hours after ovulation showed
52, 57, 47 and 29% incidence of thymic lymphoma
respectively, suggesting lower radiosensitivity at
prc-ocstrus stage as compared to the post-
oestrus stages. It is therefore, inferred that the
hormon;.. stales of animals during exposure
to radiations plays a significant role in cancer
induction.

The development of thermotolerance
noticed during hyperthermic treatment of mali-
gnancies could be inhibited by phenothiazinc
drugs like chlorpromazine and trifluopcrazinc. In
addition, these drugs also enhanced heat
induced regression of a fibrosarcoma transplanted
on Swiss mice. In sarcoma 180, another tumour
transplanted on this strain of mice, no signi-
ficant changes have been noticed in chol-
esterol, phospholipid and fatly acid profiles
during the development of thcrmotolcrance on
cxpoxure to 43°C for 15 minutes. Animals main-
tained on high fat diets showed incorporation of
diet associated fatty acids in this tumour. In such
animals, however, cholesterol and phcpholipid
levels in tumours changed significantly during the
development of thermololerancc. Maintaining
animals on diets with 20% sesame oil, which
contains highly unsaturated fatty acids, increased
cholesterol levels in tumours, while the
phospholipids remained unchanged. Levels of
long chain fatly acid like oleic (18:1), linoleic
(18:2) and behenic (22:0) were also increased.
On the contrary, when animal diet contained
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20% coconut oil an increase in the contents of
low chain fatty acids like lauric (12:0), myristic
(14:0) and myristolcic (14:1) was also observed.
Since coconut oil contains over 60% of such fatty
acids, diet fats seem to have been incorporated
in to the transplanted tumour. The role of diet
fats in the hyperthermic response and thermo-
tolcrance in tumours is being investigated.

A single subcutaneous injection of heat
inactivated S.thermophilus (20 mg/kg) caused a
significant increase in the delay of tumour growth
and life span of tumour-bearing animals as well
as 16-17% complete cures when administered
prior to single gamma-ray dose of 20 Gy. A
similar effect was obtained when bacteria were

injected directly into the tumour immediately
after radiation exposure. Post-irradiation subcu-
taneous administration of bacteria, however,
proved ineffective. Subcutaneous or intra-tumour
injection of bacteria, whether prior to or after
heat treatment of the tumour, did not modify its
growth charac ristics.

During characterisation of malignant tissues
byNMR, Tj values of water protons have been
found to be higher for necrotic than non-necrotic
regions in a transplanted fibrosarcoma. Lower
water content, higher iron concentrations, or lower
number of malignant cells in the necrotic region
may account for ti.is observation.
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/ / . / Technical Information

The BARC Central Library at present has a
collection of about 8.25 lakhs documents pertain-
ing to nuclear science and technology. The
collection is consisting of about 81,000 books,
61,000 volumes of bound periodicals, more than
23,000 patents and standards and about 6,60,000
technical reports. During this year, about 1,650
books, 2,220 bound volumes, 80 patents and
23,100 technical reports were added. Currently
BARC Library subscribes to 1,670 scientific and
technical journals published from India and
abroad. Subscription for 70 journals were dis-
continucd on the basis of a recent readership
survey.

A bibliographic database of all the books
available in the library has been created in the
PRIME-450 computer. Efforts arc under way to
incorporate keywords or descriptors for the books
in the database to facilitate subjects-wise search.
The complete bibliographic description and other
details about all the journals available in the
library have been incorporated into a database
in the PRIME-450 Computer and this database is
being rcgulary updated. All the regular and
routine operations of the book circulation,
periodical and acquisition units of the library arc
now computerised, and arc managed using cither
the mainframe PRIME computer or personal
computers.

Active participation in the International
Nuclear Information System (INIS), managed by
the International Atomic Energy Agency (IAEA)
at Vienna, was continued. More than 1,000
records were prepared, basi_J on items of
literature on nuclear science and technology
published in India. They were sent to INIS
for incorporating in the database. Processing of
the magnetic tape containing the monthly addi-
tions to INIS database obtained regularly from
Vienna, and providing Selective Dissemination of
Information (SDI) to about 150 scientists and
engineers of DAE and other organisations were

continued on a regular basis using the ND
computer. The latest month's INIS output conti-
nued to be made available on the ND computer
for retrieval by users at Trombay.

Facilities were also provided for on-line
retrospective search of the INIS database at
Vienna available for the period from 1976
onwards.

The CD-ROM equipment commissioned
last year was extensively used for evaluating
various trial CD-ROMs sent to BARC for assess-
ment and for retrieval of information from INIS
trial CD-ROM which contains INIS database
for a period of 2 1/2 years. The Powder Diffrac-
tion File (PDF-2) CD-ROM produced by JCPDS
has been recently procured by BARC. It was
demonstrated and made available to the partici-
pants in the XXI National Seminar on Crystal-
lography. With the retrieval software, it is
possible to get the desired information in printed
iorm or on a floppy disc. BARC is in the process
of building up a CD-ROM library of various nu-
merical and bibliographic databases as well as of
reference books in the form of CD-ROMs.

A total of 80 reports, 53 external and 27
internal, on the R&D activities of BARC were
published. Library continued to provide photo-
graphic, xeroxing and printing services to various
divisions and constituent units of DAE. Photo-
copy services were also provided to outside users
on specific requests.

A number of technical and scientific
brochures and booklets were brought out, which
included "The Promise of Superconductivity" and
"Pandit Jawaharlal Nehru on Atomic Energy".
Besides the regular publications, 'BARC News-
letter', 'Nuclear Newsletter', and 'BARC High-
lights' were also published. A few articles high-
lighting some of the major R&D work done by
BARC were prepared and published in reputed
Indian and foreign journals. Some of the articles
were on solving Dhruva fuel fabrication problem,
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the neutron source reactor "Kamini" that is
being built by BARC at IGCAR. Kalpakkam.
and the recommissioning of the Madras Atomic
Power Station after the moderator inlet manifold
was damaged.

About 200 articles in different foreign lan-
guages such as French. German, Italian, Japa-
nese. Russian and Spanish were translated at the
request" of scientists and engineers of DAE units.
Copies of the translated articles were deposited
in the national repository o( translated article:
at the National Science Library. New Delhi.
Interpretation services were also provided on
request.

11.2 Industrial Safety

During the year, inspection was carried
out for observing compliance with salutory
requirements in respect of health, safety, welfare
and special provisions in respect of dangerous
manufacturing processes or operations as per
Factories Act. 1948. Atomic Energy (Factories)
Rules and the relevant parts ol Atomic Energy
(Working of Mines. Minerals and Handling of
Prescribed Substances) Rules. 1984.

A thorough revision of Atomic Energy
(Factories) Rules. 1984, currently in force in DAE
units, was undertaken to update them in the light
of 1987 amendment of the Factories Act. 1948
and to remove some other shortcomings of the
existing rules. Drafting of Atomic Energy (Facto-
ries) Rules. 1988 was completed and the
updated version, incorporating the comments
received from DAE units, has been approved by
AERB for implementation in the DAE units.
The new rules arc based on a guideline document
prepared by Directorate General of Factory Ad-
vice Service and Labour Institutes (DGFASLI).
National Building Code and National Electrical
G)de issued by Bureau of Indian Standards (BIS),
1LO document, etc. Special provisions for hazard-
ous processes are covered in 17 schedules per-
taining to zirconium operations, beryllium oper-
ations, laser and optical radiations, operations

involving high noise levels, cryogenic liquids,
alkali metals, etc. which are specially relevant
to DAE units. Fire protection, prevention and
fighting are exhaustively covered. Rules pertain-
ing to planning of building construction, roads,
erection, welfare activities like canteens, rest
rooms, lunch rooms, creche, first-aid etc. and
employment of yound persons have been added.

Work on creating a computer-based data-
base on accidents/incidents in DAE units in a
standard format has been started.

Computer software for determining the
Toxicity Index and Fire Index has been
developed.

11.3 Contributory Health Service
Scheme (CUSS)

The CHSS at present covers 68.600 benefi-
ciaries. BARC hospital and the 10 peripheral dis-
pensaries continued to extend therapeutic and
diagnostic facilites to the beneficiaries and
5.05.546 patients were treated in these dispensa-
ries during this year. A new dispensary at And-
heri is being planned and is expected to be opera-
tional soon.

The bed strength at the BARC Hospital
continues to be 192. including 23 beds in special
areas like Labour Room. Casually and Pre and
Post operative rooms. A total of 6.370 patients
were admitted in the hospital and 2.316 surgical
(including ENT and oplhu'mology) and 1.645
gynaecological operations were performed dur-
ing the year. Attendance in the outpatient
departments, the various units and laboratories
of the hopilal was as follows : OPD attendance
60.6S3, Psychiatry OPD 5.410, Dental OPD
20.998. Pathological investigations 1.49,223.
Radiological investigations 16.180. and Medical
social service attendance 13.574.

In the fully equipped ICCU. ihrombolytic
therapy is given wherever required. Cases found
suitable for baloon angioplasly and bypass
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surgery are evaluated and referred to panel
hospitals.

Active family welfare programme was con-
tinued during the year. 241 Medical Termi-
nation of Pregnancy (MTP) and 228 permanent
sterilizations were carried out. The number of
infants added tn the scheme was 762 and the birth
rate amongst the beneficiaries was found to be
11.11 per l.(MH) ;is against the national average of
31 per 1000 in 19X6 and the national goal of 27
per l.(HK) in 1990. Immunisation facilities are
available in BARC Hospital and in all the periph-
eral dispensaries and the coverage has been H5c,"c.
A special care nursery lor care of sick and pre-
tcrm neomiVes is ready and will be commenced
shortly.

The School Health Clinic has been started
from the academic year 19S9-19')() covering the
children of the Atomic Energy Central Schools in
the Anhshaklinagar campus. Physical exami-
nations, height and weight measurements are
taken for growth records and aiso to detect vari-
ations. Students are also checked for refractive
errors, hearing defects and any other ;ocial prob-
lems which might impair academic performance.

A school for the mentally handicapped has
been started in the premises of Training School
Hostel from August 15. 19X9. At present the
school has a strength of 16 students. 2 teachers. 1
clerk and I ayah.

The Trombay Dispensary continued its
Occupational Health activities and the Accident
Prevention Programme. Periodic medical exami-
nations of 1,685 employees and initial medical
examinations of 1005 employees were carried out.

Bombay University has given recognition
to BARC Hospital for houscposts in general
medicine, general surgery, obstetrics, gynaecology
and paediatrics to enable the candidates to be
enrolled for MD and MS Degree examinations.
The National Board of Examinations, New
Delhi, has given recognition to BARC Hospital

for post graduate studies.

A ND-110 computer system has been
installed in BARC Hospital for information stor-
age and retrieval of patient data. The Hospital
Management System is being planned on lines
similar to that of Tata Memorial Hospital. It is
proposed to have 8 terminals initially.

/1.4 Radiation Medicine Service

Investigative services were offered to
following number of patients attending the
clinics at the Radiation Medicine Centre :
thyroid uptakes - 2,850, thyroid scan - 4,430, liver,
brain, bone, lung, renal, cardiac and others -
5.56(1, '•"' screening for thyroid cancer - 895, in
vitro laboratory tests serum thyroglobulin, thyroid
antibody tests. T3, T4. TSH, T3 charcoal tests -
5.535.

In addition, about 35-40 new patients and
35-40 cases undergoing regular treatment
attended the clinics daily. 250 patients were
admitted to the inpatient care wards for radi-
oiodine therapy for thyroid cancer and thyrotoxi-
cosis. 75 curies of WmTcO4 in various formu-
lations were prepared for the patient ir-'estigalivc
studies at Ihe hospital pharmacy section. 223
patients of thyroid cancer and 176 with thyro-
toxicosis were treated this year. The cumulative
amount of radioiodine administered was 37 curies.

US Human Resources Development

The 32nd Course of Training School was
completed in July 1989. 226 trainees (134 Orien-
tation and 92 (nplanl) graduated and were ab-
sorbed in various units of DAE.

33rd Course with about 200 trainees
commenced in September 1989. Inplanl training
from this batch is limited to the requirements of
HWB. DUruva and FBTR (tGCAR).

To meet the ever increasing demand of
computing facilities, a mini system (HORIZON)
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was procured. It is in the stage of final commis-
sioning. This multi-terminal system will augment
the training programme considerably.

Process Control Trainer being procured for
the Training School is a multi-purpose sophisti-
cated hardware for supplementing courses in heat
transfer and steam technology. This equipment,
which is one of the best available, is being im-
ported from Sweden. Its installation and commis-
sioning is expected to be completed soon.
Trainees of present and future batches will be
exposed to well designed laboratory exercises in
this new process laboratory.

A report of 'Manpower Group ' (MPG) of
DAE, to cover in depth the manpower and train-
ing requirements for 10,000 Mwe profile was
prepared. All India Essay Contest* for college
students was conducted this year.

As part of public awareness, DAE consti-
tuted 'Public Education Programme' (PEP) com-
mittee to bring out popular monographs for public
and students with SSC/HSC background.

The following computer courses were con-
ducted this year:

(1) Introduction to PCs Operating System, use of
text processing, data base management and spread
sheet packages, (2) Courses in programming lan-
guages such as BASIC, FORTRAN, COBOL
and 'C\ (3) Courses in various advanced data
base management packages such as, SIBAS on
Norsk Data computers and other data base
packages available on personal computers, (4)
Courses for draftsmen on the use of drafting
packages on Norsk Data computers as weil as
personal computers, (5) Course on advanced
computer graphics and their applications on
Norsk Data computers, (6) Course on personal
computer hardware architecture and interfacing
techniques, and (7) Advanced course on
SINTRAN operating system on Norsk Data com-
puters and UNIX operating system.

So far, about 1,000 employees of this orga-
nisation have bencfitted from these courses.

Computer courses at Postgraduate Diploma
level as well as Master's Degree level at SNDT
University were conducted.

Presently, a 3-year Master's Degree course
in computer applications, covering topics such as,
computer graphics, systems software, program-
ming languages, data base management systems
and latest topics like Fourth GL and artificial
intelligence is being set up at SNDT University.
The course also covers financial management
techniques and offers elcclivcs on advanced
topics in robotics, graphics, operating system,
parallel processing, etc.

Two courses were conducted for impart-
ing training in radioimmunoasay techniques and
their applications. The courses were of about
one month duration and about 20 medical and
paramedical personnel attended each course.
This course would help in staffing laboratories
which can provide RIA services all over the
country.

As a part of manpower development
programme, the following training were con-
ducted : (a) UNDP/IAEA/RCA National Course
on NDT-UT-3 at NFC, Hyderabad; and (b) Train-
ing Course on Industrial Radiography and Safety
Aspects (IRG-1) at BHEL, Tiruchirapalli. A total
of 38 NDT personnel participated in these
training programmes.

For attaining high standards of perfor-
mance of the operating personnel both in terms
of efficiency and safely, utmost importance is
given to operator training. In the on-going train-
ing programme, apart from the class room
lectures, group discussions and visual aids cover-
ing various facets of reprocessing and waste
management technology, intensive in-plant train-
ing is also imparted to the trainees before they
are deployed for actual work. Twenty two
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category-II trainees are at present receiving in-
plant training in various facilities. They arc also
being periodically assessed and graded. A
computerised simulator that can simulate all the
normal and malopcrations in a reprocessing plant
is being installed. This will be extremely useful to
the trainees for a better understanding of the
various operating parameters and their influ-
ence on the system performance.

All the O/M and laboratory personnel of
(he reprocessing plants have been brought
under the Qualification Incentive Scheme in
which they have to pass through several tests like
written exams, check lists, walk-through tests
and final viva voce covering syllabi commen-
surate with the tasks and responsibilities assigned
at each level. All the operating staff of
PREFRE Plant, Tarapur and Plutonium Plant,
Trombay at levels II and III have already been
qualified. Maintenance and laboratory staff of
both the plants are undergoing various tests at
present.

The plant managements are taking positive
steps in inculcating a safety ethos among the
workers. The steps taken include various indoc-
trination programmes like audio-visual shows,
safely day celebrations, etc. Personnel at
different levels are periodically deputed for train-
ing courses in radiation hazard control, fire
fighting, first aid. civil defence, etc. Group
discussions and "lessons learnt" sessions are
conducted among the workers and middle level
supervisors under the guidance of senior staff
wherein they critically analyse the safely related
incidents reported by different facilities. In these
sessions, workers are encouraged to offer
suggestions to prevent the recurrence of such inci-
dents. It is seen that this direct participation in
decision making improves Ihcir safety awareness
and their eagerness to set high standards in the
overall safety of the plant.

Training and man-power activities such as
theoretical training in reactor related subjects
and in-planl training of graduate engineers from

BARC Training school, licensing and qualifica-
tion of shift engineers, technicians and plant
operators were continued. Twelve students from
various engineering colleges and three officers
from Indian Navy were trained for a few weeks
in rcactaor technology topics. Man-power assis-
tance was provided for the maintenance and other
jobs of DAE power reactors as and when occa-
sions demanded.

Technical assistance was provided to various
Safety Committees and their Working Group for
reviewing the design and safety of Purnima-III
critical facility, review of safety procedures for
the operation of NAPP reactors and review of the
Preliminary Safety Analysis Report of Kaiga
Atomic Power Project.

A one-year stipendiary training course for
health physicists to meet the trained man power
requirement for the nuclear power programme
was started. Three workshops on management of
radiation emergencies for public authorities and
medical personnel were conducted. A RCA-IAEA
workshop on environmental monitoring and
measurement was organised at Kalpakkam dur-
ing October 1989. Eight scientists from RCA
countries participated.

19 students completed the 27lh Post
Graduate Diploma Course in Radiological and
Hospital Physics. Six other courses were orga-
nized to train radiation workers on safety aspects
of the uses of radiation sources.

A ten-day training regional workshop for
South and South East Asian countries on "Use
of Food Irradiation to reduce Post Harvest
Losses", sponsored jointly by the International
Consultative Group on Food Ii radiation (ICGFI)
and DAE was organized in February 1989. The
topics discussed at the workshop included,
amongst others, regulation and control of food
irradiation and information dissemination to Ihc
consumer.

A FAO sponsored workshop for Asian
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region on "Analysis of Radionuclide Contami-
nation in Food Stuffs" was organised from May
15 to May 26, 1989. The course included several
lectures, demonstration of gamma spectroscopy,
radiochenu'cal separations and beta counting. A
procedural manual was prepared and supplied to
the participants. A similar workshop was held by
FAO for Middle East countries from 11 to i7
November 1989 and two scientists from BARC in-
vited to conduct the workshop.

A scientist took part in the 8th Antarctic
expedition collecting samples and making environ-
mental rad ••ctivity measurements. Small ions
and aerosols measurements were also carried out
during the expedition at Antarctica. Another
scientist is currently participating in the 9th
Antarctic expedition. The data collected is under
process and will be published shortly.

There were 22 clinical meetings on various
topics in medicine and surgery. An invited lecture
was arranged on 'Experiences with Hays Forceps'
by Dr. Nozer Sheriar. A doctor from Trombay
Dispensary gave a series of five lectures on 'Man-
agement of Radiation Injuries'.

There were ten medical and four science
graduates undergoing training at the Radiation
Medicine Centre. Two IAEA fellows, one from
Ethiopia and the other from Bangladesh, are also
undergoing a one-year training programme. A
total of 180 lectures, 22 practicals, 8 demonstra-
tions and applications and apprentice programmes
were conducted.

The total strength of Bhabha Atomic
Research Centre and its Units, including VEC
Centre, Calcutta, as on 30.11.89 was 14,728
comprising of 3,915 scientific, 6,761 technical,
1,248 administrative and 2,804 general maint-
enance and auxiliary staff.

About 140 scicn lists were deputed abroad
for participation in international conferences,
symposia, meetings, etc. and for specific govern-
ment work. 12 scientists were deputed abroad

for scientific visit/training/study tour under the
aided schemes and 19 scientists were deputed
under bilateral agreements.

The services of 7 scientists were placed at
the disposal of IAEA on Foreign Service terms
for assignment as experts.

19 scientists were granted EOL for post-
doctoral work abroad.

Under the collaboration scheme bclween
BARC and IITs/IISc. Bangalore, for training of
scientists/engineers of BARC in specialised post-
graduate courses leading to award of M.S/M.E/
Ivl.Tech. degrees, 54 scientists/engineers have
completed their training so far and four are under-
going the course under this scheme.

So far 30 Indian Universities have recog-
nised BARC as a centre for post-graduate studies
in various disciplines. 134 scientists in this centre
have so far been accorded [he status of University
teachers by various universities.

During the year. 12 scientists have quali-
fied for the award of Ph.D. degree and 9 scien
tisls for M.Sc. degree.

Under the collaboration scheme between
BARC and the University of Bombay. 44 students
of the Bombay University are presently doing
research work leading to Ph.D. degrees under the
scheme.

Training facilities were provided to foreign
nationals under IAEA Technical Assistance Pro-
gramme and various collaboration agreements.
During the above period, BARC offered facilities
for training under the IAEA Fellowship Scheme
to four scientists from Sri Lanka and one each
from Iran, Thailand, Bangladesh, Ghana and
Indonesia.

About 70 scheduled castes and 25 sche-
duled tribe candidates were recruited to various
posts.
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BARC Benevolent Fund was set up in
1963 to give aid to the employees of Bhabha
Atomic Research Centre, Department of Atomic
Energy and its constituent units located in
Bombay, who are members of the Fund, in the
event of any unforeseen misfortune like pro-
longed sickness, premature retirement due to
sickness, prolonged leave without pay, death,
etc. The financial assistance is also extended
towards purchase of hearing aids, nutritious diet
to T.3./Cancer patients, purchase of text-books,
tution fees and travelling expenses for the handi-
capped school going children of the members of
the Fund. The main financial sources of the Fund
are donation, life membership, subscription from
members and grant-in-aid from Government.
The membership of the Fund is open to the regu-
lar and FFA employees of BARC, DAE and its
const it uent units stationed in Bombay. The total
mem!:_;ship of the Fund as on November, 1989
was around 3,700. The amount spent during
the financial year 1988-89 was Rs. 55.000/-
(approximately).

The transportation of around 12,000
employees to and fro their work places from 24
rallying points in Greater Bombay muncipal limits.
Thane and New Bombay and for 700 employees
of other DAE units (\iz. HWP, C&S Group,
DEM, DPS) from Vikram Sarabhai Bhavan,
Anushaktinagar, to 8 rallying points was pro-
vided for the round-the-clock and two general
shifts. Manpower programming for operation of
around 350 vehicles was done besides conducting
training programmes and refresher courses for
transport staff. Centralised procurement of
vehicles as well as condemnation of vehicles for
BARC units at Trombay, Tarapur, Srinagar,
Calcutta and Kalpakkam were also taken care of.

A Traffic Safely Seminar was organised in
BARC during February. 1989 for the education
of all the drivers and the motorists in BARC. A
series of lectures by officers of MSRTC and an
exhibition by Traffic Section were organised
during the Traffic Safety Seminar. As an
incentive to BARC drivers to imbibe a greater

sense of road safety, and to practise better traffic
culture, "Traffic Safety Silver Medals" were
awarded to 14 drivers who have accident-free
record.

Supervision and maintenance of 7 large
scale co-operative canteens, 1 departmental can-
teen and 3 canteens and 14 tea pantries run by
the contractors were done. The day-to-day food
service is arranged appropriately to cope up with
the sale of Rs. 7,50,000/- per month without any
interruption.

The estimated expenditure for the year
1988-89 towards payment of various subsidies to
the co-operative canteens and tiffin rooms works
out to Rs. 58,00,000/-, besides Rs. 5,00.000/- for
maintenance and repairs involved in these can-
teens. The business of the co-operative canteens
are well monitored, and timely action is taken to
run them smoothly.

Around 17,000 dak articles are handled per
day for delivering them to their destinations in
Trombay and city areas, besides around 1.500
postal dak. 50 telegrams and 50 telexes per day.

Domestic travel bookings, billings, cancell-
ations, preponing and postponing of air bookings,
etc. were done. On an average, 2000 air tickets
are booked in a year.

Maintenance of around 1,200 English and
100 Hindi typewriters was carried out in Bombay
and Tarapur, besides initiating timely action for
replacement/procurement of typewriters.

About 4000 visitors including Heads of
Stales, Ministers. Parliamentarians. Indian and
Foreign Diplomats, High Government Officials.
Visiting Professors, Foreign Scientists, Defence
Personnel, members of the Scientific and Tech-
nical Institutions and students of schools and col-
leges came lo BARC this year.

Mr. Nguyen Van Linh, General Secretary
of the Communist Party of Viclnam, H.E. Mr.
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Kenan Evran, President of Turkey, and Gen Vo
Nguyen Giap, Vice Chairman of the council of
Ministers, Vietnam, were some of the WIPs who
visited this centre.

About 24 national and international semi-
nars/conferences/work-shops/symposia were
organised.

The V DAE Inter-Units Sports Meet was
held at TAPS colony, Tarapur, during the
period from November 20 to November 26,
1989, wherein the required assistance such as
transport, canteen facilities, etc. was rendered to
the TAPS who organised the Sports Meet.

11.6 Landscaping

Landscaping was done by planting different
trees, shrubs, ground covers, etc. in 4.000 sq.m.
area of Anushaklinagar and 55,000 sq.m. area at

BARC site and housing colony at Tarapur. 2,000
sq.m. garden area was rejuvenated in Trombay.
About 1,50,000 saplings of various tree species
were planlcd and 50 kgs. of seeds of different tree
types were sown in situ on Trombay hills for
afforestation. Landscape plans for various units
of Department of Atomic Energy were
prepared. Maintenance of gardens, arbors,
orchards, afforestation, etc. in Trombay,
Anu^haktinagar and Mandala Township, around
Directorate of Estate Management's buildings in
Bombay City, BARC housing colony and plant
site at Tarapur was carried out.

The cosmetic maintenance in the campus
including incineration of garbage and pest contro!
operation in Trombay, BARC hospital complex,
Training School Hostel, Radiation Medicine
Centre, Directorate of Purchase and Stores
Office, etc. were also carried out during the year
under review.
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