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P R E F A C E

The Bhabha Atomic Research Centre has the mandate of providing
R & D support to the nuclear power programme and of designing, building
and utilising research reactors. In addition it works in many other
related front-line technologies and also carries out basic research
in frontier areas of science. There have also been spin-offs of our
research into other areas of national importance.

Many Divisions of BARC bring out either Divisional annual
reports or progress reports of the work done by the Division over a
period of two or three years. Hence, this progress report of the Centre
as a whole gives only a brief outline of the scientific work done in
BARC. Detailed accounts of the various activities can be seen in the
Divisional reports, in technical reports brought out by BARC and in
scientific papers published in journals. A list of papers and reports
brought out in the various disciplines is given as a part of the BARC
Annual Report so that anyone who is interested in getting more details
about any specific activity can refer to those publications. It is
hoped that the scientific community in India and abroad will find this
Annual Report a useful source of information about the work being done
in our Research Centre.

(R. Chidambaram)
Director
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PHYSICAL SCIENCES

/;/ Nuclear Physics

Many basic nuclear physics research programmes
utilised the medium energy heavy ion accelerator (14UD
Pelletron). Several research programmes were also
carried out with the charged particle beams from the
Trombay Van deGraaff accelerator and the variable
energy cyclotron at Calcutta. Neutron beams from Cinis
reactor were also utilised for nuclear fission studies.

In the programme of study of resonances in
heavy ion collisions, 16O beam from the Pelletron
accelerator has been utilised to study the reaction
12C(16O,8Be)20Ne in addition to 12C(l6O,4He)24Mg
with surface barrier detector telescopes for detection
of 8Be and 4He. The excitation function data of these
reactions have produced new evidence for a resonance at
43.8 MeV excitation in ^Si which has structural
overlap with quartet states in 24Mg and 20Ne.

Evidence of direct 9Be cluster transfer in 3He bom-
bardment of 13C at sub-barrier energies has been
established for the first time by quantitative comparison
of three nucleon spectroscopic strength ratio of ground
to first excited state of 12C obtained from the analysis
of angular distribution data of alpha particles in the
reaction with the theoretically expected value from
nuclear structure calculations.

The energy spectra of prompt neutrons emitted
along the direction of fission fragments were measured
in thermal neutron induced fission of 2 3 5 U with a view
to obtain information regarding fragment tempera-
tures and level density parameters. Two methods, one
semiconductor detector and the other back to back
gridded ion chamber, were used to detect fragments.
The angular distributions of prompt neutrons from a
mass and kinetic energy selected fission fragments were
measured and the dependence of fragment temperature
on fragment mass was determined.

The following investigations utilizing the heavy
ion beams from the Pelletron Accelerator facility were
also carried out. Angular distribution of fission frag-
ments were measured for the system 19F + 232Th in the
bombardingcnergyregionof94to 108 MeV to test the
earlier reported abnormally high anisotropies using
mica detectors. These measurements were made with
semi-conductor detector telescopes and although the

measured anisotropies were higher than that predicted
by the statistical saddle point model, they are consi-
derably smaller than those reported earlier.

In order to study the threshold anomaly problem
in 1 6O + 209Bi system, differential cross-sections and
angular distributions for the elastic scattering of 16O by
20^Bi were measured at several energies near the
barrier utilizing 14UD Pelletron Accelerator. The
present data alongwith existingdatain the literature were
analysed using the optical model. Astrongincreasein the
real part of the optical potential was observed and the
dispersion relation reproduced the trend of the energy
dependence of the real potential values. It was
interesting to note that the enhancement of the real
part of the potential around the Coulomb barrier,
observed for 16O + 2 0 9Bi was of the same order as
reported for 16O + 208Pb in literature. Similar results
were also obtained from the analysis of 4He + 209Bidata.

The extent of contribution of incomplete momen-
tum transfer events in the 1 9F + 2 3 2Th system was
obtained by measuring the fragment-fragment angular
correlation at 104 MeV bombarding energy using a
multi-wire proportional counter. The folding angular
distribution was observed to peak at 157.9 degrees
corresponding to 95% of full momentum.

The yields and angular distributions of projectile-
like fragments emitted in 12C + ^ T h and I 6O -H232!!!
reactions at 80 and 90 MeV were measured using gas
AE-E detector telescopes. Notable differences in the vari-
ations in the projectile-like fragments in the two cases
were observed suggesting different mass transfer processes.

With a view to studying the dependence of emis-
sion barrier for proton and alpha particles on the tem-
perature of the compound nucleus, the proton and alpha
particle energy spectra emitted in 19F + 93Nb and 7Li
+ 108Ag at 70 and 34 MeV respectively were measured.

The fusion excitation function data for thesystems
37C1 + 59Co, and ^Si + ^Zn have been measured both
at sub-barrier and above barrier energies. The cross-
section data show the expected 'enhancement' at sub-
barrier energies.

< E g <
An experimental search for a high energy tail (20

160 MeV) attributed to nucleus-nucleus



bremsstrahlung in the spontaneous fission
yielded an upper limit about 30 times lower than, and in
conflict with, a rather high multiplicity measured by a
Japanese group. The measured g-spectrum for Eg < IS
MeV, however, agrees with a statistical calculation includ-
ing the decay of a giant dipole resonance built on excited
states of the fission fragments.

A feasibility measurement of high energy
g-spectra in coincidence with a close packed
multiplicity array of 14 detectors yielding spin gated
g-spectral was performed in the reaction "*O + "^Ta
at E(16O) = 106 MeV to study a possible angular
momentum induced shape change and the results are
promising. This was indicated in an earlier "inclusive"
experiment at the Pelletron done at E(16O) = 84,89 and
106 MeV.

The recoil mass spectrometer SHRI (Separator for
Heavy Recoil Ions) designed to study evaporation
products is in an advanced stage of fabrication. Machining
of the 40° - magnetic dipole and its vacuum chamber is
nearing completion. Electrostatic dipoles and their vacuum
chambers have been designed and are being fabricated.
Testing and setting up of these components are in progress.

A data acquisition system using the crate controller
CC-3 has been set up for in-beam experiments with the
Pelletron Accelerator facility. The program AC2 devel-
oped for this purpose runs on a PC/AT system and is
capable of building and displaying one and two-
dimensional spectra in addition to writing the event-mode
data on the disk.

The charge-exchange reactions in the nucleon
and delta sectors have been studied in the one pion-and
one rho-exchange model. Comparison with the experi-
ments shows an intriguing feature that, while the
reaction in the nucleon sector (like np->pn) necessarily
requires the inclusion of the rho exchange, the reaction
in on-nucleonic sector (like pp -- > n A + + ) excludes the
exchange of rho meson in the description of the interaction.

(p, A + + ) reaction in nuclei has been studied
theoretically using the fully relativistic form for the
elementary interaction and the distortion due to mean
fields in the continuum states. These studies are
necessary forthe experiments proposed to be carried out
at various international advanced accelerator facilities.

Theoretical investigations into the physical proc-
esses which cause multiparticle breakup in hadron
collisions at high energies were completed. One inter-
pretation of the process in terms of a leading component
and a central fireball was very successful in explaining
the data. A further improvement of the picture was
made by assuming that the charged particles are emitted
by the system acting as a single entity without the
branching of the partons. The intermittency behaviour
of the multiplicity distributions predicted by this model
were also examined and compared with the data.

A new model for knockout reactions called
peripheral 3-body coupling model (P3BCM) has been
formulated to treat the 3-body coupling in the final
state accurately. This new approach provides better
understanding of knockout reactions where 3-body
couplings are important as is the case with D( a, ap)n
reaction.

The fractal nature of idealised collision cascades
generated by low energy heavy ions in amorphous targets
have been used to obtain their spatial extent and range
distributions. The forward-transverse energy correlation
in ultra-relativistic heavy ion interactions has been studied
to understand reaction dynamics.

The Trombay Van de Graaff accelerator has been
utilised by various groups including some from Univer-
sities. The Van de Graaff beams have been utilised for
proton induced X-ray emission studies for trace element
analysis, radiation damage studies, surface studies by
Rutherford backscattering techniques, channelling in
crystals, estimation of fluorine by nuclear reactions, etc.
Energy dispersive X-ray fluorescence technique has also
been utilised in a number of trace element analysis studies.

1.2 Accelerator Programme

The BARC/TIFR Pelletron accelerator located
at TIFR, Bombay, was operated for about 3950 hours
during the year, of which about 2550 hours were
utilised for nuclear physics research experiments. A
total of about 50 experiments have been performed
primarily in the various areas of nuclear physics. A wide
range of ion beams of different atom species, from 6Li
to -"Cl, were provided for these experiments at energies
and particle currents as per the experimental require-
ments.



Topical experiments done with Pelletron accel-
erator are: studies in heavy ion induced fission
fragment angular distributions; investigations on
resonances in heavy ion collisions, measurements of
sub-barrier spectroscopy of high spin states in mass-90
region; high energy, dipole with ultra-dipole g-ray
measurements; investigation of the threshold anomaly
problems; channelling and resonance studies with heavy
ions; production of multiple charged ions and vacancy
production in heavy ion collisions in thin films.

Modifications and improvements in the accel-
erator and" its supporting systemswerecarriedout. An ion
buncher assembly has been incorporated in the injector
beam line, which has been completely realigned to ensure
better transmission through injector magnet. The instal-
lation of a new Roots pump in the gas handling system
has helped to reduce the pump-down time, as also the gas
transfer time, for the main tank. NEC's fast acting valves
have been modified to improve their operating life. Work
is in progress on indigenous development of accelerator
components such as, Pelletron charging chains, high
energy Faraday cup, shaft-encoder module, CAMAC
modules, CAMAC interface circuits and fibre-optics
transceiver used in accelerator control system. The
control system is being modified to operate with a PC
based system. A phase-lock circuit, to be used with the
ion buncher is also under development. Two inde-
pendent multi-parameter data acquisition systems have
been developed and put into operation in the counting
room.

The construction of 150 keVdeuteronRFQ accel-
erator has reached an advanced stage. Theduoplasmatron
high current ion source which serves as an injector has
gone into operation. An unanalysed 12 mA hydrogen
beam has been extracted from the ion source. The
detailed analysis of the beam has been undertaken.
Almost all the components of the RFQ linac have been
fabricated and assembled. TheRFQsystemisbeingmade
ready for the low power RF tests.

1.3 Reactor Physics

The lattice and core computational models which
were developed for PHWRs were validated with the NAPS-
1 reactor criticality experiments, subcritical drop tests of
shutdown systems (SDS). The dynamic reactivity worth
of SDSs were computed by inverse point kinetic method
with correction for spatial effects and compared with

experimental data. The axial flux profile along an empty
channel for various combinations of reactivity device
configurations were calculated, and they compared well
with the measurements. The NAPS-1 reactor has been
followed up to - 80 fpd. The calculated eigenvalues are
within 0.5% of unity and with very little spread.

The standardised calculational methods have been
applied for 500 MWe PHWR design problems. For on-
line flux mapping and power-tilt control, two independent
mathematical models have been developed. They are
based on synthesis method using some pregenerated 3-
D harmonics. The harmonics are obtained by a power-
iteration procedure or synthesised from the Helmholtz
modes of lower dimensions (radial + azimuthal, axial).
Validation of these calculational procedures against the
3D FDM simulation for typical reactor states is in
progress.

With the possibility of simulating a Rod Cluster
type Control Absorbers (RCCA) in a square or hexagonal
PWR fuel assembly and enabling proper depletion of
burnable absorber (10B) along with fuel, the LWR fuel
design codes are now capable of tackling nearly all types of
heterogeneities encountered in a LWR fuel. The design
calculational models were validated with more accurate
methods like LWRBOX (using a combination of J+-and
Pij techniques for square lattice fuel) or a Monte-Carlo
code (MONALI) for square or hexagonal lattice fuel.

All thermal reactor calculational models, for
PHWRs as well as for LWRs, i.e. BWRs, PWRs, and
WERs have been applied for the solution of correspond-
ing IAEA benchmark problems. Feedback from inter-
national solutions submitted to the Agency has proven
the credibility ofcalculational schemes even for some of
the most complex fuel designs practiced in modern LWRs.

1.4 Condensed Matter Physics

A data acquisition system for energy dispersive
X-ray diffraction experiment under an Indo-USSR project
has been built. A Mao-Bell type high pressure diamond
anvil cell has also been fabricated and tested for X-ray and
Raman studies. The shock anomaly in Hf at 44 GPa has
been shown to be due toan alpha to omega phase change.
Using molecular dynamics calculations, the mechanism
of the crystal to amorphous phase change in quartz has
been analysed. An elastic anomaly change in zinc at high
pressure has been investigated.



The disordered spinel Zna5Co0^Fe2:yCryO4 (y=0.9
and 1.1) was studied using neutron diffraction and
magnetic susceptibility techniques. Comparison with an
earlier study on Zn j.xCoxFeCrO4 shows that the effect on
magnetic structure due to slight increase in Cr ion concen-
tration on the B-site is similar to that produced by an
increase of diamagnetic Zn ion concentration on the
A-site.

Differential scanning calorimetry measurements of
Hf0.85Ta0 ^ F ^ showed a first order transition from ferro
to antiferromagnetic order at T=250 K in addition to the
ferromagnetic transition as reported forx=0.0atT=600K.

Neutron diffraction measurements were carried
out on the system UCu5.xNix (x=0.0,0.2 and 0.5) in the
temperature range of 2-300 K using the pulsed neutron
facility, ISIS, atRAL, UK. The compounds with x = 0.0
and 0.2 show a long range antiferromagnetic ordering
below 16 Kand 12 K respectively. However, there is a large
reduction, by a factor of two, in the magnetic moment of
the U-ion with substitution ofCubyNi. Further addition
of Ni (x=0.5) results in non-observance of any long range
magnetic order down to 2 K. The substitution of Cu by
Ni has resulted in suppressing the ordered magnetic
moment and subsequently the long range magnetic order.

The differential scanning calorimetry measure-
ments on tetrabromoethylene had indicated that it under-
goes second order phase transitions around 200 and 160 K.
In order to understand the nature of these phase transi-
tions, neutron diffraction profiles were recorded, first at
Trombayand then at the pulsed neutron source ISIS, RAL,
UK, in the temperature region of 100-300 K. The refine-
ment of the data showed that there is an anomaly in the
variation of the lattice parameter "a" around 210 K.
However, all the data could be fitted well with the space
group P2j/c which is the reported space group for the
compound at 300 K.

A general formalism on multiple small-angle scat-
tering has been developed taking into account the statisti-
cal nature of the medium for the first time. The formalism
delineates the nature of the extractable structural infor-
mation about the inhomogeneities from the multiple
scattering profile and enables more reliable extraction
of the structural parameters of the inhomogeneities.

The vibrational properties of fayalite,
have been studied. The data from inelastic neutron
scattering experiments, carried out in collaboration with

Argonne National Laboratory and Brookhaven National
Laboratory in USA have been analysed and the theory
extended to obtain the vibrational specific heat of fayalite.
This compliments the earlier study of forsterite, Mg2SiO4.
Fayalite and forsterite are the two end members of the
geologically important olivine solid solution series.

Small-angle neutron scattering (SANS) technique
has been used to understand inter-micelle interactions
and the shapes of micelles in several micellar solutions. In
case of Triton X-100, interaction potential as a function
of temperature has been obtained. Experiments on mix-
tures of Triton X-100 and salicylic acid showed that it is
possible to alter the inter-micelle interactions by changing
either the pH of the solution or the concentration of
salicylic acid. SANS experiments on CTAB solutions
showed that CTAB micelles are ellipsoidal and that
"c/a" changes from 1.8 to 3.1 as CTAB concentration
is changed from 0.1M to 0.4M. The form factor
calculations showed that SANS can be used to distinguish
between a cylindrical micelle and a chain of spherical
micelles.

A neutron interferometric experiment has been
proposed to test the dependence ofspinor phase on the
orientation of the precession axis. It can explicitly dem-
onstrate the anti-commutivity of the orthogonal spin
operators. A phase of purely topological origin, akin to
"Berry phase", becomes measurable in this experiment.
While several groups are trying to devise a "first" neutron
interferomctric measurement of the topological phase, it
has been proved that a four-year-old polarized neutron
interferometric experiment already constitutes such a
measurement. Thequantumbeatsobservedin ihisexperi-
ment have been interpreted as a manifestation of a timc-
evolving geometric phase shift.

A neutron spin echo spectrometer has been
designed and its fabrication is in progress.

The pressure induced amorphous phase transition
in quartz has been investigated by molecular dynamics
computer simulation. The simulation as a function of
pressure and temperature helped to understand themicro-
scopic changes in the structure through the transition,
in particular the change in the silicon coordination from
tetrahedral to octahedral.

First principle investigations of the electronic
properties of materials, metallic as well as insulatingsolids
have been undertaken using linearized Muffin-Tin orbital



(LMTO) method, which is based on local density approxi-
mation (LDA). Self-consistent LMTO calculations at
various levels of sophistication are being used to obtain the
band-structure, density of states, charge density, total
energy, pressure and other related ground state quantities,
which can be directly compared with experiments. This
method is versatile, physically intuitive, yet sufficiently
accurate and within the so-called atomic sphere approxi-
mation (ASA). It is extremely efficient, and hence it has a
wide range of applicability to bulk solids as well as inter-
faces. To start with, the LMTO-ASA scheme has been used
on the metallic (/?") and semi-metallic (a') phases of Sn at
ambient pressure, and the results reveal the interesting
microscopic features in the electronic structures of 'grey'
and 'white' tin.

Mossbauer spectroscopy studies on the quasi-
crystal Al65Cu22Fe13 have indicated that the develop-
ment of a magnetic moment on a given iron atom in the
alloy may be a consequence of the local atomic disorder
around the atom and not due to the icosahedral symmetry
itself, contrary to some theoretical predictions. The mag-
netic ordering seen at low temperatures could be due to
long-range orientational order present in the quasicrystal.

Mossbauer spectroscopy studies on the cubic
Laves phase Ho0 35Tb0 15Fe2.xCox have shown that the
magnetic spin of iron atom in the alloy is directed along
[111] direction and that it is not affected by the
substitution of Co atom for Fe until x = 1.6, consistent
with the theoretical predictions that the spin orientation is
dictated by the crystal field acting on the rare earth ion and
not by the exchange field due to the transition metal atoms.

Raman spcctroscopic studies in HgTe revealed that
apart from the usual TO mode (WTO = 117 cm'1), an
additional mode (labelled as il) is observed below WT 0 .
No definitive conclusion about the origin of this mode has
been arrived at in the literature. With a view to
understanding its origin, the temperature dependence
of mode frequencies as well as the intensity ratio I(WTO)/
I(il) have been measured. The Raman spectra were
excited using different lines of argon-ion laser. Frequency
of the Q-mode decreases from 112 cm"1 (20K) to about 95
cm*1 (290K) whereas WT O shows an increase of 2-3 cm"1

over this temperature range. The variation of Raman
scattered intensity with exciting wavelength is found to be
similar for both the modes. The feature labelled isascribed
to a combination mode WTO(q)-WTA(q). As these branches
arc flat over a considerable region in the reciprocal space,

high phonon density of states are predicted at these
frequencies. It is further shown through mode-mode
coupling formulation that this combination mode derives
intensity from the TO mode and its frequency shift is
related to anharmonic coupling constant which is
temperature dependent.

Inelastic light scattering is a powerful tool for
probing carrier dynamics in doped semiconductors. The
Raman scattering investigations have been carried out
from n-type In 53Ga 47As which is an important alloy
semiconductor for its application in optoelectronic
devices. Two samples of 3-5 m thickness were grown by
liquid phase epitaxy on semi-insulating (001) InP sub-
suate having carrier concentrations ne 1016 cm"3

(Sample#l) and ne -1017 cm"3 (Sample #2) as estimated
from Hall coefficient measurements. Spectra were
recorded at 90K using 5145A Ar+ laser line in the
Z(XX)Z configuration. In this geometry contribution to
Raman cross-section is solely from forbidden LO
phonon-plasmon scattering. The strong peak at 273 cm"1

is the bare LO mode which is seen for both the samples.
Sample #2 having higher carrier density shows an
additional broad peak around 286 cm"1 which is ascribed to
phonon-plasmon mode. For values of ne 5xlO16 cm"3 no
distinct plasmon peak is seen in the calculated line shape
function which is in agreement with the observation for
sample #1. For sample #2 the analysis yields a value of
ne = 1.6xlO17 cm'3 and electron damping parameter
= 55 cm"1 for the carriers in the conduction band. It also
emerges from this calculation that the lower coupled mode
approaches the bare LO mode frequency because of
incomplete screening at large q values which are involved
in the 'forbidden' Raman scattering processes.

Studies of mixed-lipid model membranes have been
carried out so as to investigate the role of lipid head-groups
and their interactions in controlling the membrane proper-
ties and hence their functions. DSC and 1H NMR experi-
ments were carried out with vesicles of DPPC-DPPE and
DPPC-DPPE-DPPA. The head-groups, PC and PE are
zwitter ionic (neutral on the whole) but PA is negatively
charged. In the gel phase and even in the liquid crystalline
phase of DPPC-DPPE, the lipid movements are highly
restricted due to the strong electrostatic interaction
between PE(N+) and PC(PO") groups. The thermal and
dynamic properties of DPPC-DPPE vesicles are drastically
altered on addition of DPP A. The strong interaction of
PE(N+) and PA(PO") groups of lipids in the vicinity of
DPP A molecules leads to a large increase in the mobility of
the acyl chains which in turn gives rise to a reduction



in the chain mehing(CM) transition enthalpy, HC M , by
a factor of - 2. The antileprosy drug, DDS, hardly
changes the CM transition characteristics in DPPC-
DPPE, while its presence in DPPC-DPPE-DPPA,
dramatically increases H C M which tends towards its value
inDPPC-DPPE. DDS vastly changes the lipid dynamics
in both the membranes, increasing the acyl chain mobility
in DPPC-DPPEbut decreasing it in DPPODPPE-DPPA(!!),
the latter accounting for the rise in HC M . These changes
can be attributed to the strong DDS-PE and DDS-PA
interactions, with the latter being much stronger than the
former. Thus the head-groups and their interactions play
a vital role in controlling the membrane properties.

The phase diagram of the tertiary system, AOT-
C6D6-H2O, has been studied in order to determine the
region in which the system exists as a microemulsion. The
region of the phase diagram in which water concentration,
C w , has a maximum is strongly temperature-dependent,
showing that one is in the vicinity of a critical point.
Preliminary neutron quasi elastic scattering studies of
these microemulsions, carried out to observe the evolu-
tion of the dynamics of water encapsulated in AOT
reverse micelles, indicate that the diffusion coefficient of
water increases with increasing C w .

Multienzyme complex consisting predominantly
ofRubisco along with isomerase and kinase was crystal-
lised and characterised. X-ray diffraction data to 2.5A
resolution was collected on the synchrotron source at
photon factory in Japan. Molecular replacement calcu-
lations using this diffraction data reveal the orientation
of the 4-fold non-crystallographic symmetry and the
position of the complex in the crystal. High resolution
(1.5A) X-ray diffraction data for human carbonic anhy-
drase I and 6 inhibitor complexes were collected at
15C in the synchrotron facility at the photon factory in
Japan. The native HCAI structure has been refined with
this data to 21% discrepancy factor at 2A resolution.
HCAIcomplexedwitha drug-inhibitor acetazolamide to
22% discrepancy factor at 2A resolution with this data.
The analysis of these data reveals a large number of water
molecules bound to the protein structure. The protein
exhibits lower thermal motion parameters compared to
the room temperature structure. The protein structure of
bovine carbonic anhydrase II from Indian buffalo blood,
the first tobesolved in India, has been refined first at 2.7A
resolution and subsequently the work is being continued
with 2A resolution diffraction data collected at the
photon factory, in Japan.

On irradiation by UV-light, structure of DNA is
distorted due to dimerization of the neighbouring pyrim-
idines and this has consequences to its biological
function. A molecular model forsuch DNA starting from
the crystal structure of thymidyl (3'5*)thymine cyanoethyl
ester has been derived. This model structure accounts
well for the abnormal cleavage properties ofEcoRIfor
dimerized DNA substrate.

The X-ray analysis work on the. structure of an
antibiotic, antitumor protein Neocarzinostatin and its
apo form, which was initiated at Seattle, USA, is being
carried out. The structures have been refined to
R-values of 0.160 and 0.156 respectively. Attempts are
under way to interpret the binding site in terms of the
proposed structure of chromophore, which is the actual
DNA hydrolysing agent in the holo-protein.

An extensive analysis of the hydrogen bonding in
the high precision neutron structures of amino acids and
small peptides has been carried out in order to obtain
systematics of this interaction. The aim of this analysis
is to extend the results to the X-ray protein structures
for interpreting the hydrogen bond networks in them.

Triclinic lysozyme is being refined at 1.5A resolu-
tion. The current R-value is 0.128.

As an extension of Dhruva utilisation for research in
the area of molecular spectroscopy, work on two more
research equipment got underway and arenearingcomple-
tion. This pertains to the fabrication of two monochro-
mator drums of the wedge type in which Bragg angles upto
45 degrees could be achieved.

The fabrication work on a triple axis neutron
spectrometer for Bangladesh based on an order received
through IAEA made good progress and is expected
to be ready for shipment during the first quarter
of 1991.

1.5 Theoretical Physics

In the area of Feynman path integrals, new
expansions of the propagator were developed using white
noise calculus. Eigenvalue problems associated with the
Feynman-Dyson perturbation series were investigated. A
path integral formulationwasusedto study the properties
for Frohlich bipolaron at finite temperatures.



In quantum optics, an extensive work was carried
out on thequantumelectrodynamicsofRydbergatomsin
microwave cavities. The basic Jaynes-Cummings model
used for such studies was modified to include various new
effects. Quantum jump like behaviour in some systems,
temporal correlations of the sidebands in optical double
resonance spectra were investigated. A new method for
testing Bell's inequality using correlated emission of side-
band photons was proposed. Some research on the under-
standing quantum chaos was undertaken.

In the theory of stochastic processes, Seigert's inte-
gral equation approach was developed to study the first
passage timedistributioninanoisy linear dynamical system
with a swept control parameter. In another piece of work,
Baxter's sticky hard sphere model in equilibrium
statistical mechanics was employed to interpret the phase
separation phenomena and neutron scattering data from
micellar solutions.

The finite difference iterative algorithm used
routinely in reactor physics analysis was modified and
implemented on a parallel computing system.

In neutron transport theory, newworkoncriticality
and time eigen values of one speed Boltzmann equation
was completed.

Under inertial confinement fusion studies, work
related to the development of a software package for
calculating various atomic properties like multigroup
opacities, average degree of ionization, transition proba-
bilities, etc has been pursued further.

The main area of work was particle transport
theory with emphasis on application to reactor physics
problems. A method to calculate the time eigenvalues of
the neutron transport equation in spherical geometry was
developed. In this method, the procedure to calculate the
spherically symmetric fundamental mode eigen function
of the transport equation was generalised to the case of
asymmetric modes as well. Studies in the theory of
stochastic processes which has applications in several
areas of physics were also made. A notable work is the
development of an integral equation approach to study the
statistical properties of first passage time distribution in
one dimensional diffusion processes.

1.6 Laser and Spectroscopy

Studies in resonant multistep photoionization

spectroscopy of uranium were continued, in order to
generate information for an efficient ionization scheme
and to unravel its complex spectrum. Anewspectroscopic
chamber has been designed and fabricated with many
improved features like increased number density of the
atomic beam and maximum vapour utilization and multi-
pass optics. The behaviour of the non-linear plasma
produced in such studies was modelled by developing a
concurrent simulation code on a parallel computer
system. Developmental works on electron-gun to produce
atomic beam with steady number density and grazing-
incidence gracing (GIG) dye laser were continued. A
computer controlled dye laser spectrometer was developed
for tuning control, differential wavelength change moni-
toring and locking the laser frequencies. Detailed error
analysis showed that the system has an accuracy of four
parts per million in wavelength measurements.

The resonant features observed in the single
colour photoionization of uranium were analysed on tbe
basis of various pathways involving 3 and 4 photon
processes. More than 80% of the peaks have been identi-
fied with known or new levels of uranium based on three
photon process. A single hollow cathode discharge lamp
(HCDL) was used to measure the absolute transition
probabilities of various UI transitions. This was done to
remove the ambiguity in the values reported by other
laboratories. Saturated absorption spectroscopy of
U-5915 A° transition was carried out in a HCDLbypump/
probe technique using a CW laser. A strong suppression
of the Doppler pedestal was observed and various
parametric studies, with pressure changes, discharge
current, etc., were carried out to understand the collision
processes in HCDL.

An optically pumped ammonia laser operating
around 12 jum was developed by optically pumping
ammonia with pulsed CO2 laser. By optimizing different
pumping geometries, ammonia to buffer gas (N^ compo-
sition and total system pressure, a line tunable output of
200 mJ per pulse was achieved with energy conversion
efficiency of 25-30%.

Experiments on laser separation of tritium by
multiple photon dissociation (MPD) of CTF3 were
continued to develop a complete separation processes for
both H/T and D/T systems. Detailed studies of the MPD
process were made to improve both the efficiency and
selectivity of the process by: (1) creative use of collisions
with added buffer gas, (2) using multiple frequencies
tuned to pump different regions of the excitation ladder



and (3) using a laser wave guide reactor. Typical results
indicated a selectivity factor of > 104 and2500forH/T and
D/T system respectively. To circumvent the lower selec-
tivity in D/T system, two approaches have been
undertaken i.e. CTF3 is excited in its V5 band (835 cm'1)
instead of the presently used V2band (1077 cm"1) to utilize
a larger isotope shift or choosing another working
molecule like chloroform which has got similar isotope
shift with added advantages of lower MPD threshold
fluence and rapid T/D exchange rate even without a cata-
lyst. However, both approaches require an ammonia laser
operating around 12 flm. Such a laser was developed by
optically pumping NH3 with TEA CO2 laser. From this
system under optimized conditions, a line tunable
ammonia laser output (at around 12.08 /tin) of 200 mJ
with 25-30% energy conversion efficiency was achieved.
Actual D/T separation studies are under way with the
above laser.

Laboratory scale enrichment of carbon-13 isotope
was undertaken using two stage photolysis scheme. In the
first stage, 50 Torr 1:4 CF3Br / Cl2 mixture in a 20 litre
photoreactor was irradiated with 4.5 Jem'2, 1035.5 cm*1

CO2 laser. Initially these parameters were optimized on
small batch runs. The final product, CF3C1, separated
from the starting mixture by gas chromatography, was
found to be 40% enriched in C13. This enriched material
was subjected to second stage photolysis using 1.7 J cm"2,
1057.3 cm"1 CO2 laser in presence of an appropriate
amount of bromine to produce CF3Br product enriched to
>90% C13. Investigations on other promising system like
MPD of CF2HC1 were also carried out using 4.5 J cm"2,
1046.8cm"1 CO2 laser to obtain the product C2F4 with an
enrichment of about 40%. The enriched product mole-
cules can easily be converted into 13CO2 for further
applications.

A high average power narrow band Rhodemine 6G
dye laser amplifier has been set up. The amplifier was
transversely pumped by the green output of a copper
vapour laser. Two CVLs were uied simultaneously to
produce uniform pumping in the dye cell. The input signal
to the amplifier was obtained from a CVL pumped grazing
incidence grating Rhodemine 6G dye laser oscillator.
Experiments were conducted to optimize various para-
meters of the amplifier and encouraging results were
obtained. Such laser systems are extremely useful in research
and development pertaining to advanced spectroscopy and
photo-chemistry.

Significant increase in output power of the axial fcst
flow CW CO2 laser was achieved by modifying the gas
inlet system and the composition of additives in the gas
mixture. The laser has been operated at an output power
level of 650 Watt. Parametricstudiesofthislaserarebeing
undertaken with a view to raise its output upto 1 kW.

An avalanche transistor circuit capableof switching
3.6 kV in about 5 ns was developed for Q switching of
Nd:glass laser oscillator. A power supply was developed
for operating Nd:glass oscillator at 10-15 Hz. This
oscillator is used to align the various subsystems of 1 kJ
Nd:glass laser chain.

X-rays provide an excellent means for the diagnosis
of dense plasmas having electron densities exceeding 1O22

electrons/cc. Laser produced plasmas provide a conven-
ient X-ray source for this purpose. X-ray emission from
targets made of tungsten and silicon were studied with the
help of crystal spectrographs made in house. Encouraging
results were obtained and further experiments areplanned
with more powerful laser beams. A study of the laser
generated shocks in aluminium foils was conducted using
optical shadowgraphic and rear-cone calorimeteric diag-
nosis. A theoretical study of the instabilities leading to two
plasmon decay of laser produced plasmas was carried out.
It was concluded that the presence of a steep density profile
in inhomogeneous plasma significantly modifies the
related plasma parameters. Experiments in the laboratory
supported the theoretical results.

Plume emission spectra of Cu, Zrand Y-Ba-Cu-O
following laser ablation has been investigated. Cooling of
metal vapour following laser ablation in buffer gas has
resulted in observation of micron sized aerosol particles.
Excimer laser interaction with Cu aerosol medium has
shown formation of copper dimers which are detected by
their characteristic emission. A Laser Enhanced Ioni-
zation (LEI) spectrometer has been set up for trace
analysis. Detection limit of about 1 ng/ml has been achieved
for sodium in water using one photon and two j hoton
excitations. For enhancing further the trace detection
sensitivity a laser induced resonance ionization facility
coupled to a time-of-flight mass spectrometer has been set
up. Multiphoton ionization of barium atoms usingexcimer
laser pumped dye laser was investigated. Some new
excitations, possibly to autoionization states, have been
found. Multiphoton excitation and dissociation of CS2 in
gas phase has been carried out in 285-305 nm wavelength
region. The excited state of photo fragments was correlated



to the states of CS2 involved in excitation and dissociation. 1.7 Computer Centre

The BomemDA3 Fourier Transform Spectrometer
installed last year has become fully operational. The
infrared spectra of a large number of samples related to
high-Tc superconducting materials have been recorded
on this instrument as well as the very high resolution
vibration rotation spectra of several gaseous samples like
deuterated methyl acetylenes and phosphine. High reso-
lution electronicspectra measurements of SiSe, SiTe, InO
etc. were carried out yielding accurate molecular para-
meters. Theoretically, accurate ro-vibrational intensities
in the quadrupolar fundamental band of O2 has been
calculated* In the area of infrared spectroscopy of solid
H2, theoretical workaimed at developinga general formula
for integrated absorption coefficient of some double
transitions in solid para hydrogen was completed. The
rotational analysis of A-X bands of Si130Te, Si^Se,
Si78Se have been carried out. A number of perturbations
in A1 state of Si^Se, Se, Si78Se have been observed.
Raman spectra of Li NaSO4 in capillary has been recorded
using SpexRamalog Spectrometerwith 5145 A0argon ion
laser line in 300-1300 cm"1 region. The sample was also
studied in an indigenously fabricated diamond anvil cell
at 10-100 kbar pressure and several phase transitions were
observed. Vibrational frequencies of DPPC, DDS and
DPPS + drug (DDS) were calculated. An experimental
facility has been set up for EXAFS and allied studies. In
plasma spectroscopy, line broadening studies of the
autoionized lines of Cu I was completed. Inbeamfoil
spectroscopy several new transition belonging to Ar II and
Ar HI have been obtained using the argon ion beam from
the 280 keV TIFR accelerator. Several new methods of
trace analysis like boron in steel, rare earths in solution,
were developed on the Inductively Coupled Plasma (ICP)
system. A 1 meter scanning recording monochromator
was fabricated for absorption and site selection spectro-
scopic studies using pulsed dye laser system.

Suitable hardware and software have been devel-
oped to increase the dynamic range of measurement of
signal detection system employed in the indigenously
developed ICP unit A ray tracing program has been
developed for evaluating the high resolution VUV beam-
line of INDUS I synchrotron source. An ionization
chamber and a time-of-flight spectrometer for RIMS,
a 2 meter path length cell for FTIR, and a rotating target
and substrate assembly for high-Tc superconducting thin
film formation by laser ablation were designed and fabri-
cated. About 1250 samples involving 14000 determinations
were analysed.

Duringthisyear, twosystemsbasedon80486 micro-
processor using UNIX operating system and providing a
processing speed of about 5-6 Million Instructions Per
Second (MIPS) for scientific computing have been added
to the central computing facilities consisting of a network
of Norsk Data ND 560 and ND 570 super mini computer
systems at BARC.

The graphics facilities have been upgraded by
procuring two advanced colour graphics workstations
based on 68020/68881 processors equipped with high
speed graphics engines and high resolution graphics termi-
nals. There are about 40 dedicated graphics users.

A large amount of software development work has
been carried out in the fields of parallel processing,
expert systems, computer graphics, data base management
systems and system utilities.

A program for computation of electronicstmctures
of materials was parallelised on a network of transputers
using 'processor farm'approach. Inthisamastertasksplits
the job into a number of small units called 'packets' or
worker tasks which are then distributed over the net by a
scheduler. Each worker task communicates only with the
master task. The program for electronic structure of mate-
rials carries out computations on mesh points in the
reciprocal lattice. The computation for each mesh point is
assigned to each worker task.

Another parallel algorithm for the solution of
nonlinear reactor physics problems has been imple-
mented on a multiple instruction multiple data configu-
ration of the transputers. The parallelisation is carried out
by dividing reactor volume into multiple regions and
mapping each region to one transputer in the net.

A cross compiler in OCCAM language has been
developed on UNIXbased machines. The design is carried
out in four phases - lexical analysis, syntactical analysis,
semantic analysis and code conversion. UNIX utilities
LEX and YACC are utilized in the development.

An expert systems shell based on Connectionist
Model on neural network has been developed. Learning,
in this network, is implemented by a Pocket Learning
algorithm. A hybrid approach has been employed for
inferencing. It comprises of a forward chaining for
obtaining confidence estimates and backward chaining for
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determining the input node. The system has been tested
with sample domains such as character recognition.

FRODO molecular modelling software running on
Vector General 3400 graphics workstations and 3D solid
modeller package running on Norsk Data systems has
been implemented on the advanced colour graphics work-
stations procured and installed recently. This has greatly
increased the speed of execution of these packages.

A software development project has been initiated
for information management and speedy recovery of
medical records in a comprehensive manner for BARC
Hospital, using a 80486 based mini computer system with
a number of terminals distributed at various locations in
the hospital complex. Initially, it has been planned to
computerise the activities of the pathology, drug dis-
pensing, patient appointments, medical OPD and in-
patient admission. Various dispensaries located away
from the hospital will also be provided with access to this
data base through dial-up communication links.

A database has been developed on personal com-
puter for maintaining the records of information of about
2000 periodicals received annually by BARC Library. This
database maintains the details of subscription, receipts of
journal issues, reminders, publishers, distributors, agents
etc.

An information system for the maintenance of
records about the starting materials, processing inter-
mediates and finished fuel elements, physical inspection
reports, chemical and analytical test reports etc., is being
developed for Fuel Fabrication Facility, usinga network of
computers. Typically, about 4000 fuel pins are fabricated
per core with each batch of production, generating about
1500 data points. This large volume of data has to be well
organised as this is required for the purpose of evaluation
at a later stage. The data base system provides high level of
security with journaling facility.

A package has been developed for the management
of disaster in nuclear reactors. This database maintains
records of sectors, villages, population in villages, pucca
houses, thatched houses, nearest rallying point, details of
accomodation, nearest hospitals, dispensaries, sources of
food and water and evacuation routes, etc. This database
will provide complete information required for the
evacuation of various villages in the affected area in the
event of a nuclear emergency.

A general purpose text mode page editor has been
implemented on UNIX based system. This editor can be
efficiently used for writing programs, comparing docu-
ments and drawing tables in text mode figures. This editor
does not distinguish between document and nondo-
cument files.

A Norsk Data command shell on UNIX has been
devleoped to simulate the commands of the SINTRAN
operating system. This would facilitate the transfer of
users from Norsk Data computer systems to the latest mini
computer system based on UNIX operating system
without any problem.

Extensive work has also been carried out in the
development of data acquisition, monitoring and control
system using personal computers. A high speed data
acquisition and processing system has been developed for
detecting mining induced microseismic events in Bharat
Gold Mines at Kolar. Data is collected from geophones
located at various points in the mines and processed in real
time.

A PC/AT has been coupled to SCANDIG micro-
densitometer by designing a hardware interface card and
writing the data acquisition software. This system has
helped in replacing the PDP/11 computer with PC/AT.

A data acquisition and control system for
controlling and monitoring a large number of lasers
operating in MOPA configuration is being developed.
This system will be using number of distributed processors
for effecting control at various levels and will provide
monitoring/diagnostic and operational control for lasers
in the various groups.

1.8 Seismology

Global seismicity continued to be monitored by the
arrays at Gauribidanurand Delhi on round-the-clock basis
to detect and identify seismic signals due to underground
nuclear test explosions. All signals from underground
explosions were promptly detected and analysed.

The PC-386 system to monitor underground areas
at Bharat Gold Mines was completed and commissioned
at a depth of 2 km below the surface in a specially built
laboratory at Northern Fold region of Kolar Gold Field.
The system has been handed over to National Institute
of Rock Mechanics, K.G.F., Karnataka for continuous use.
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The processed data from this system is transmitted to the
surface through 4 km leased line modem to enable mine
management to assess the safety of mining areas.

The radio telemetered seismic network at Bhat-
sanagar operated continuously. Valuable data for seis-
miciiy and seismotectonic investigation was obtained in
the region surrounding Bhatsanagar. The system also
detected veiy weak signals of a minor earthquake off the
coast near Tarapur, which no other station detected.

The multi-channel seismic data system has been
utilised also for recording and analysis of ground
vibrations due to movement of vehicles.

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

A total of 5 PC - based multipurpose Front Office
Posting Machines (FOPMA) have been developed and
tested. The machine has been approved by the Department
of Posts and the technical knowhow for its large-scale
procurement/manufactu.e has been transferred to M/s
CMC, India. The machine incorporates a PC/XT, a digital
weighing scale and a software package consisting of 10
executable modules and library files of about 40 kbyte size.
The machine handles all categories of inland and overseas
mail, calculates the tariff and generates a printed Frank
Label and a customer receipt which contains all the rele-
vant details of the article being mailed. All transaction
details are stored on the hard disk and a floppy disk of the
PC and can be accessed for printing daily transaction
reports and also to keep track of the main. The concept
underlying 'FORMA' is quite versatile and can be applied
successfully in a wide variety of fields.

Gamma-ray astronomy is one of the thrust-areas in
which extensive research work has been carried out at NRL
over the past several years. It is proposed to introduce a
quantitative upgradation in the scope and range of
research programmes in this field and include the entire
photon energy range of nearly 10-decades within the range
of future experimental and theoretical studies. With this
overallobjectiveinmind, guest observation role is being
sought on the Gamma-ray Observatory space mission.
The spacecraft is soon to be launched by the NASA, USA
and will enable us to cover the energy range lO^lO10 eV.
A H-generation atmospheric Cerenkov telescope, ACT
(II), with an optimal threshold and imaging capabilities
has been proposed for gamma-ray studies in the TeV
energy range. This work is being taken up in collaboration

with the P.N. Lebedev Institute, Moscow and thcCrimcn
Astrophysical Observatory, Nauchny, under the Indo-
USSRILTP scheme. A wide-angle atmosphericCercnkov
telescope (WAACT) is being proposed to study in detail
thephotonenergy region beyond 30TeVina cost-effective
yet meaningful way. Project reports of both these pro-
grammes have been prepared and the follow-up work
initiated.

The analysis of about 40 hrof data on Cassiopeia
gamma-1 (4U115+63), collected with theGulmargatmos-
pheric Cerenkov telescope in 1987 and 1988, has been
completed. While the results show the absence of a steady
gamma-ray signal during the two observation periods,
application of the Rayleigh test for periodicity reveals a
possible 1 hr long episode of pulsed gamma-ray emission
for the source on November 14, 1987. The apparent
gamma-ray pulsation period of (3.6407 ± 0.0037)s is
significantly red-shifted (0.75%) from the expected X-ray
period of the source for our epoch of observations. The
observed signal strength of (13.4 ± 3.1)% relative to the
average cosmic ray background level translates to a phase-
averaged flux of (7.8 ± 1.6)x 10*10photonscm*2s"1 above
2 TeV corresponding to a gamma-ray source luminosity
of 1O35 ergs"1 under the assumption of isotropic emission.

A detailed analysis of the Gulmarg atmospheric
Cerenkov data has been performed to identify possible
steady and pulsed gamma-ray signals from a number of
potential cosmic sources, including the Crab pulsar
(0531 ± 21), Cygnus X-3 and the 156 ms period-pulsar
PSR 0355+54. While no statistically significant steady or
pulsed TeV gamma-ray signal has been detected from PSR
0531 ± 21 and Cyg X-3, a marginally significant (- 3 a)d.c
signal has been observed in the PSR 0355 ± 54 data.

The analysis of Hercules X-l data has been com-
pleted. Detailed analysis of the data, employing both the
Rayleigh test for periodicity and the phase-histogram analy-
sis, has revealed a 15 min long episode of pulsed gamma-
ray emission from the source on June 12, 1988. The
observed pulsation period of (1.23762 ± 0.00015)s is
statistically indistinguishable from the contemporary
X-ray period. The time-averaged flux during the burst has
been estimated as (4.7 ± 1.2)xlO"10 photons crn'V1 at
> 2 TeV corresponding to a source gamma-ray luminosity
of 1034 erg s"1 for isotropic emission.

In theoretical astrophysics, in-depth study has been
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made of the evolution of millisecond pulsars and a
mechanism suggested for a prolonged phase of angular
momentum transfer necessary for attaining the observed
millisecond periods. In the case of Cyg X-3, the relatively
high mass transfer rate required for generating the strong
X-ray flux observed from this source can be explained
through the gravitational decay of the binary orbit if the
companion is a pure helium white dwarf and the binary
has a period as short as -10 minutes. Alternatively, nuclear
evolution of a H-burning, lobe-filling subgiant can drive
the mass transfer provided the orbital period is < 10 days.
It has also been shown that a shock-accelerated proton
beam generated in Cygnus X-3 can interact with the strong
X-ray background to convert more than 20% of the energy
of the proton beam into neutron pions which promptly
decay to give TeV/PeV gamma-rays near the shock front.

The gamma-ray radiation sterilization facility has
been provided on a continuous basis to one of the local
hospitals in Srinagar, and the Gulmarg neutron monitor
was kept operating for data collection.

A programmable three-level pulse generator has
been developed to generate TTL-compatible positive,
negative, bipolar and 3-state pulses. All the three states,
positive, negative and zero, can be independently con-
trolled with respect to their'on times', thereby yielding a
range of waveforms. This circuit, based on the serial-
in-parallel-out shift register, can be easily modified to
generate complicated waveforms. The circuit developed
can be used in solenoid drive system, bubble memories,
X-Y plotters and process control instrumentation.

1.10 Plasma Physics

Investigative studies have been carried out on
the basic processes and technological applications con-
nected with plasma jet devices producing thermal plasmas
in the temperature range 2000-20000 degrees at atmos-
pheric pressures.

A 1 MW underwater plasma cutting torch system
is under development. The civil works have been com-
pleted and the HT circuit breaker panel and dc power
supplies have been installed. The LTcircuit breakers and
cabling work are being taken up. The prototype plasma
cutting torch designed for underwater cutting operations
has been tested under reduced power levels with existing
power supplies.

Plasma spraying of oxide ceramics have been carried

out and trial samples havebeen given totheR&DCentre
of the Steel Authority of India Ltd. for evaluation as wear
resistant coatings required by the steel industry.

Plasma sprayed superconducting coatings of
yttrium based high temperature superconductors have
been prepared and evaluated for electromagnetic shield-
ing applications. Similar evaluation has been carried out
for pellets also. Transient voltage suppressor devices
based on thezincoxidedopedwithmangeneseandbismuth
oxides nave been fabricated and surge protection char-
acteristics have been determined. Newmaterials based on
solid solutions of oxides have been fabricated and surge
protection characteristics have been determined. New
materials based on solid solutions of oxides of zirconium,
terbium and tantalum have been developed and charac-
terized for potential applications as hot electrode
materials.

Under plasma diagnostic investigations, experi-
ments have been carried out to measure the heat flux
distribution in a non-transferred dc plasma jet impinging
on a surface. Plasma velocity in the range of 50 m/s to 110
m/s and turbulent intensity were measured in a dc plasma
jet using a 5 W argon-ton laser doppler velocitymeter
system.

Experiments have been carried out on the mercury-
air two phase Liquid Metal Magnetohydrodynamic
(LMMHD) system to study the effect of circulating
currents and vane locations on the generator perform-
ance. Gamma ray attenuation technique using Co-60
source has been used to measure void fraction in the two-
phase flow. The installation of most of the components in
the main loop of the 500 W(e) steam-mercury system is
complete and the final piping work is in progress.

1.11 Pulse Power and Particle Beam Technology

Energy storage capacitor bank and pulsed high
magnetic fields find special applications in nuclear power
reactors for garter spring repositioning, rolled joint
detachment and fuel fabrication. A high performance 85
kJ capacitor bank with novel idea of double mode
trigatrons has been developed and operated for more
than 10,000 discharge shots for generation of pulsed
magnetic fields especially for garter spring repositioning
inPHWRs. The high magnetic field coils based on edge
wound helix of hard copper and electrically insulated by
Nomex insulation have also been successfully developed.
The mechanical strength for the coil to withstand enormous
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mechanical stresses arising from high magnetic flux
density is achieved by a combination of radial bending
with glass fibers and axial clamping with non-magnetic
stainless steel bolts. The displacement of gaiter springs
has been successfully achieved in the coolant-calandria
mock-up channel. It has been proposed to transport this
equipment to Narora for repositioning of garter springs in
NAPP-2. Components are being procured and design/
fabrication is in progress to further enhance the energy
from 85 kJ to 120 kJ for future PHWRs.

The pulse power system KALI-1000 comprising oil
insulated-radial Tesla transformer, water insulated coaxial
pulse forming line and a closing switch in the form of oil
insulated spark gap has been commissioned with positive
output polarity, the parameters being 150kV,15kA,100
ns. This system is being used for generation of pulsed ion
beams.

For the programme on protection of electronic
equipment against intense electromagnetic interference
(EMI), nested electromagnetic shields of various sizes
were developed and characterized for shielding effective-
ness. Extensive studies are being conducted for the
transient breakdown behaviour of low pressure gas

Experiments on beam-plasma interaction using
KALI-200 system have made further progress. A
Relativistic Electron Beam (REB) of 150-300 keV,
1-2 kA and 40-80 ns generated in a plasma filled diode
was injected into magnetized hydrogen plasma of density
lO^-lO14 cm'3. Beam-plasma interaction wasobserved
to be strong when the plasma density in the diode and
interaction region was 1012cm"3. The plasma heating
levels of 1016 eV cm'3 sec*1 were inferred and the effective
collision frequency was estimated around 10"2 times the
ion plasma frequency. The observed net current multipli-
cation was explained by the two stream instability. Experi-
ments are being continued to measure the intense micro-
wave emissions, expected in this parametric range.

The ion-diode design for the KALI-1000 system
presently operating at 150 keV, 15kA, 100 nshas been
undertaken. The design of experimental system for
studying the physics of collective ion-acceleration is in
progress.

1.12 Electro* Beam Teduwtogf

Necessary expertise and equipment have been
developed to cany out electron beam welding of fuel
assembly components used in Purnima III reactor. The
electrom beam welding machine used for this purpose was
developed indigenously. Zircalloy-2cans loaded with toxk
Beryllium oxide slabs to be used as modules in the neutron
reflector of KAMINI reactor were welded successfully.

A microcomputer basedcontrollcrfortheelectron
beam welding machine and a transient digitizer with a
sampling rate of 1 mega samples per second have been
developed and tested. A synchronization control using
modular plug-in-units has been fabricated for the 200 J
pulsed gigawatt relativistic electron beam system. The
controller switches on the mirror magnetic field, plasma
gun and relativistic electron beam with feed-back delayed
controlsignals. The triggeringreliability is improved with
opto-isolation and isolated dc/dc converters.

1.13 Industrial Design

Technical expertise was provided for a 500 litre
vacuum chamber maintained at ultrahigh vacuum 109

Torr installed at Gauribidanur by TTFR for the purpose
of conducting sensitive experiments on gravitation
phenomenon. Based on the encouraging results obtained
from this experiment another ultra high vacuum system
enveloped inside a high vacuum system has been designed
as per the requirement of th« research group.

An experimental RF sputtering system, operating
at a frequency of 12.8 MHz has been assembled. Powers
of upto 1.8 kW have been successfully coupled into the
glow discharge. Efforts are being made to minimise the RF
interference produced during the operation of the system.
Investigations of various parameters with a view to opti-
mize the sputtering yield as well as to increase the power
beyond 2 kW are in progress.

Field testing uptoarangeof lkmofan Optical Data
Link was carried out at PREFRE in Tarapur. The results
of the test were found satisfactory. Work is in progress for
installinga data link between the Meterological laboratory
and the computer room of the Health Physics Division at
Tarapur. An experimental voice communication sub-
system was developed for use along with the existing IR



14

Digital communicator. Work on a prototype system is in
progress.

1.14 Superconductors

Coherent inelastic neutron scattering experiments
on the high temperature superconductor T12CaBa2Cu2Os

were continued. Using these data an estimate of the
phonon density of states in this solid was obtained for the
first time and found to be in good agreement with the
theoretical prediction. The theory was also used to
understand the structure and the atomic disorder using
computer simu-lation.

The investigations of the characterisation of
structure and stability of high-Tc superconducting materi-
als by neutron diffraction techniques were continued. Some
of the important findings include : a) Neutron structural
investigations of a 31/2 year old sealed sample of the 90 K
superconductor, YBa2Cu3O7 has demonstrated that,
contrary to general doubts regarding the degradation of the
material with ageing, the sample remains stable and
retains the fully ordered orthorhombic structure when
stored in a sealed condition even for over 3 1/2 years;
b) Neutron structural study of the double-chain supercon-
ductor (Tc = 78K) YBa2Cu4O8 synthesized at ambient
pressure, in contrast to reported synthesis at high oxygen
pressures (> 400 atm.) shows that charge transfer effects
responsible for superconductivity in this sample are
brought about by significant vacancies (14%) at the
Ba-sites, which seem to shorten the apical bridging Cu-O
bonds (Cu r O = 1.81 A 0 and Cu2-O = 2.21 A0) and thus
effectively mimic the charge transfer effects observed
under high pressure in the 124 superconductor. The
linear chain oxygens also show a low occupancy factor of
91%; andc) Systematic neutron structural investigations
carried out on a variety of 2212-type bismuth cuprate
superconductors, Bi2Sr2 CaCu2O8 + s , and their sub-
stituents indicate that these compounds lead to improved
Tc-values on depletion of oxygen content (S) which could
be brought about in several ways such as vacuum
annealing heat treatments, or by partial (-10%) depletion
of Bi and Sr content in the nominal starting compositions
and by partial (-20%) substitution of Pb for Bi in air-
annealed samples. These studies also suggest correlations
between the Tc and the Cu-bond-valence, with optimum
Cu-valence of about 2.25 leading to Tc values of more than
90 K.

Detailed transport measurements of the Jcin
high-Tc superconductors have established the existence

of thennomagnctic history effects. The observations were
explained using an extension of the critical state model to
thecaseofa field-dependent J<_ This work establishes that
the field-dependence of Jc should be inferred, in ceramic
samples, only from measurements on field-cooled speci-
mens.

Collaborative experiments, with groups in TIER
and IIT Madras, on type I and conventional type II speci-
mens, have established the existence of higher multipole
moments in their magnetization. Thesemomenlsareseen
in the intermediate state of type I, and in the mixedsute of
typeIIsuperconductors. Afield-dependent irreversibility
temperature has also been observed in a type I super-
conductor.

Theoretical attempts have been aimed at under-
standing thermally activated magnetization decay in high-
Tc superconductors. A method has been evolved to infer
the flux-pinning potential from measurements of this
decay.

Preparation procedure of Bi2Sr2CaCu2Og+d was
found which give Tc of 93 K. This is equal to the highest Tc

obtained so far anywhere for this phase of the lead free
superconductor (93 K). The higher Tc obtained is found

to be due to the stoichiometry in Bij ̂ Srj 91Caa95Cu2Oa4
and optimum Cu-O3 (Cu-apical oxygen) distance of 2.26
A°, which in turn leads to the optimum Cu valence of 2.13.
The occupancy factors of the oxygen sites show that the
sample is free from BiO2 moieties, in the bismuth plane.

Procedure to prepare good quality Fe doped 2212
phase of the bismuth superconductor has been perfected.
The reduction rate of T c due to Fe substitution is lowest in
these samples, which are also tail ree in the R vs. Tcurves.
The samples are characterised by EDAX, SEM, AC and
DC susceptiblities, resistivity measurements, X-ray, etc.
They are investigated with Mossbauer spectroscopy. The
number of component spectra is two. One of these
components is found almost in all superconductors and
appears to correspond to some irregular site of the
superconductor. The other is due to Fe in the square
pyramid sites. Planes formed by such sites are primarily
responsible for superconductivity. The spectrum at low
temperature is magnetically split.

Mossbauer studies of Fe doped Bi2Sr2Ca2Cu3O10+d

sample have been made. Due to the difficulties in the
preparation procedures, this sample was not studied ear-
lier. Bi2Sr2Ca2Cu3(1_x)Fe3xOi0+d,x=0.03,0.06,0.09,0.12
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and 0.15 was prepared using several preparation proce-
dures to minimise the impurity phases, which mainly
consist of the 2212 phase and a small amount of 2201 phase.
Even the cooling rate after the sintering was shown to
govern the relative concentration of the impurity phases.
Mossbauer spectra have been found to contain three
components and are assigned to the sites available.

A model of field penetration in high-Tc supercon-
ductors proposed in 1988 has gained worldwide accep-
tance. The indigenously built Mossbauer spectroscopy set
up, having excellent performance, for low temperature and
high magnetic field measurements is being used for the
study of these superconductors.

A 300 mJ excimer laser has been used for depositing
oxide thin films from high-Tc superconducting ceramic
pellets using ablation technique.

Two superconducting compounds in the single-
ihallium layer series, namely, TliBajSr1CUjO5 (Tc = 43
K) and TljCajBajSrjCujOy (Tc = 94 K) were prepared
and the highest reported Tcvalues were obtained for them
under controlled conditions. Elaborate investigations on
the preparation of thallium-based high-Tc supercon-
ductors Tl-2122 and Tl-2223 have enabled successful pre-
paration of single-phase compounds. YBa2Cu4O8 (Tc "
80 K) has been synthesised using an exclusive ambient
oxygen pressure route without employing any alkali oxi-
dants. A number of compounds of the general formula
Bi2.xPbxSr2.xLaxCu,O>,(Tc = 8 Kto 25 K) have been
s>nihcsiscd in single phase form for investigations.

Superconductivity with no change in Tc was
demonstrated in different compositions of the general
formula YBa2Cu3O65.xy2Fxwithx= 1 to 7. The maximum
fluorinated product YBa^u^C^Fy was found to be stable
under vacuum heat treatment unlike the parent non fluori-
nated compound. The Meissner fractions of all the
compositions have also been determined.

The magnetic field dependence of microwave
absorption in the superconducting phases of Y-123,
Bi-2223and Tl-2122 was investigated on zero field cooled
samples. This led to the identification of intergrain and
intragrain contributions of microwave absorption. The
extent of intergrain absorption was found to decrease with
increasing temperature and magnetic fields. EPR studies
were conducted on tetragonal Y-123 subjected to N2O gas.
Itwasseenthatat350°C, the reaction with N2O makes the
tetragonal Y-123, transform into superconducting

orthorhombic Y-123. Farther, it was observed that N2O
gets dissociated into nitrogen and oxygen due to surface
reaction with semiconducting tetragonal Y-123. The O 2

was detected by its rich EPR spectrum.

The microwave absorption and EPR investigations
of Gd2 CuO4 and Gd2_x Ce^CuO^ have shown that the tow
field microwave absorption below 250 K, has strong simi-
larities with that observed in HTSCs. It is shown that the
magnetic hysterisis effects distinguish the signal in super-
conducting phase from that observed in insulating Gd2CuO>4.
InGd2CuO4, it was shown that spin-cluster resonances
occur and the signal at zero fields builds up at the expense
of spin clusters. These results give the possible experi-
mental support to the spin-glass model of superconductiv-
ity in high temperature superconductors.

Positron annihilation spectroscopy, using Dopplcr
broadened annihilation line shape analysis technique, has
been used to study the nature of superconducting transi-
tion in high-Tc superconductor compound Bi-Ca-Sr-Cu-
O for both single and mixed phase compounds in the
temperature range of 77-300° K. It is seen (Fig. 4) that the
signs! from positron annihilation from the bulk mainly
from the vicinity of oxygen broadens while the signal
from positron annihilation in defect/vacancies inten-
sifies (Fig. 5) with the onset of superconducting transition
indicating associated structural changes involving increase
in momentum width of oxygen electron and increase in
electron density across vacancy sites. In the two phase
samples separate response for each phase was clearly
visible (Fig. 4). Presence of a magnetic field (1K) did not
result in any changes in the annihilation parameters in both
the superconducting and normal state of the single phase
compounds.

Single crystal platelets of 2212 and 2201 high-Tc
superconducting materials based on bismuth have been
grown by flux method. Superconducting-insulating-
normal metal (S-I-N) type quasiparticle tunnel junctions
were fabricated using the native non-metallic surfaced
layer of the 2212 crystals. A sensitive modulation
technique has been used in which dynamic resistance of the
junction is recorded as a function of applied bias voltage to
record the tunneling spectra of these junctions. Multiple
features in the tunnelingspectrumhavebeenobservedat
liquid nitrogen temperature.

Fine powders of superconducting YBa2Cu3O7_x

ceramics with excellent homogeneity were obtained by
developing new solution based routes. The powders could
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be densified to 94% T.D. pellets in short duration of < 40
hours. Using 4-probe technique the Jc values were found
to be as high as 300-500 A/cm2 at 77 K, zero field and the
transition width was just 1K. The quality of the powder is
being further improved by incorporating vacuum heating
and also by optimising the process parameters.

Significant findings have been made particularly
with respect to the influence of impurities, bulk density
and grain size on the superconducting properties of
YBa2Cu7O7. For better accuracy of oxygen analysis, an
iodometry set up has been assembled and standardised. An
ion milling has been procured and installed for the
preparation of thin sections for electron microscopy
studies. The feasibility of cold rolling 40-50 wt % Ag
-YBa2Cu3O7 composites has been successfully demon-
strated and standardisation of the successive steps in the
rolling sequence is in progress. Investigations are under
way on melt processing and flux growth techniques for
improvement of grain orientation in YB^Ca^O-j com-
pacts and very encouraging results have been obtained by
using K2CO3 flux. Extensive studies have been carried out
on Pb2Sr2Ri_xCaxCu3O2 systems, and a modified proce-
dure involving air heating and soaking followed by vacuum
cooling has been evolved for the synthesis of several of
these compounds containing different rare earths (R).
These studies have led to the discovery of superconduc-
tivity in many rare earth compounds of the type
Pb^^RQ^C^with calcium substitution. The modified
thermogravimetric technique, developed earlier for the
evaluation of oxygen stoichiometry in 1:2:3 compounds,
has now been successfully extended to calcium containing
Pb-Sr-R-Cu-O compounds with or without metallic
substitutions.

A programme has been initiated in collaboration
with M/s. Hindustan Cable Ltd., Calcutta, to indigenously
develop Nb-Ti cables for accelerator magnet applications.
The starting material for these cables will be supercon-

ducting wires of fine, - 5 microns Nb-Ti filaments.
Hydrostatic extrusion where deformation takes place at
relatively low temperature of 200°-400°C without any
problem of formation of intermetallic compounds
between Cuand Nb-Tiis recommended toget this finesize.
Cold hydrostatic extrusion trials were conducted on 850T
extruder at NPL, New Delhi. Based on successful trials it
is planned to procure a 500 T warm extrusion press.

About 160 meters of 1.85 mm diameter 7 strand
round cable starting from 0.56 mm diameter 45 filament
indigenously produced Nb-Ti wires were fabricated in col-
laboration with M/s. Hindustan Cables Ltd.

Development work on fabrication of HTSC is on
hand under DST project entitled 'Development and
Fabrication of HTSC Wires'. Short length samples of Ag
alloy sheathed Y-Ba-Ca-O flexible tapes of 0.2 to 0.5 mm
thickness x 4 mm width were successfully fabricated.
Maximum current density of 120 A/cm2 at 77 K was
obtained.

1.15 ColdFusion

The extent of deuterium loading of palladium
cathodes was investigated by in situ neutron diffraction,
and tritium build-up was monitored, inavarietyof specially
designed electrolytic cells.

Experiments were conducted on electrochemically
induced cold fusion at low temperature and high current
densities by electrolysing LiOD solutions in heavy water
using palladium as cathode and platinum as anode. Rele-
vant data on heat measurements, neutron emission and
tritium production were collected. A computer code was
also developed for analysis of temperature transients dur-
ing cold fusion.
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CHEMICAL SCIENCES

2.1 Basic Chemistry

The main thrust of the work has been on basic
research and it covered some of the frontline areas such
as superconductivity, chemical dynamics, radiation and
photochemistry, laser chemistry, interfacial phenomena,
isotope effects, catalysis, radiation damage studies,
material science, and organometallics. Besides this, a great
deal of " ttention was also given to applied research such as
catalyst development for nuclear reactor-oriented
problems, studies on hydrogen storage materials, cold
fusion studies, development of high technology materials
for different end-uses etc.

The noble metal based catalyst developed for
hydrogen mitigation in nuclear reactors gave satisfactory
performance for hydrogen-oxygen recombination in a
prototype stainless steel reactor even at 100% relative
humidity. A series of new gold-based catalysts were
developed for gas recombination to increase the life and
efficiency of sealed-off carbon dioxide lasers and were
found to give superior performance as compared to the
catalysts prepared earlier.

A procedure for low temperature hydriding of
metals down to -80°C was developed and by this method
appreciably higher amount of hydrogen absorption could
be achieved. Unusual changes in magnetic character-
istics have been observed in the case of intermetallics like
TbFe2, TbFeMn and noble metal-doped Fej.jM^Ti, on
incorporation of hydrogen in the lattice.

A novel ferromagnetic-to-antiferromagnetic
transition has been observed in the case of Hf1.xTaxFe2

intermetallics, and the microscopic and macroscopic
nature of this transition has been investigated
to understand its origin and thermodynamic character.
The disordered concentrated magnetic system
Co0 5Zn 0 5FeCrO4 was investigated down to 4.2° K, and
its perturbed magnetic structure and the novel feature of
the onset of semispin glass behaviour at -20°K were
explained.

The variation of cloud point of mixed ionic and
non-ionic surfactants was explained quantitatively using
the nature of the interaction potential between micelles,
and this knowledge was exploited to tune the Van der
Waal and Coulomb interaction between micelles.

A theoretical model using Baxter's formulation of
statistical mechanics of gas-liquid transition was developed
for the cloud point of non-ionic surfactant solutions, and
experimental results on Small Angle Neutron Scattering
(SANS), light'scattering and phase diagram of C8E5

(iso-octyl pentaoxyethyleneglycolmonoether) surfactant
were explained on the basis of this model.

In the area of laser induced chemistry, progress was
made in areas such as infrared laser-induced reactions and
multiphoton processes, infrared laser chemistry at
surfaces, photochemistry and photophysics of molecules,
fluorescence quenching, energy transfer processes in
homogeneous and microheterogeneous media, etc,
involving selected molecules. Direct evidence for a
concerted reaction product was obtained in time-resolved
experiments in infra-red laser-induced decomposition of
1:4 cyclohexadiene. Extensive studies on the photo-
physics of tyrosine derivatives have been carried out and as
a spin-off from thesestudiesa novel fluorescence detection
technique has been developed for the possible identi-
fication of irradiated food containing phenyl alanine. A
continuous light generation source required for use with
the recently procured Nd-YAG picosecond laser system
for setting up a laser flash photolysis unit has been
developed and optimised for pulse energies of about SO
microjoules.

Pulse radiolysis studies have been carried out on
solutions of biological molecules. These studies include
(i) the reactions of peroxyl radicals formed from
halocarbons with selected biological molecules to
evaluate the toxicity of halocarbons found in the
environment, (ii) the reactions of organic sulphur
compounds which can be considered as models for sulphur-
containingdrugs and biological compounds and (i i) the
reactions of several substituted anthraquinones which
can be model compounds for anticancer drugs.

Radiation damage studies on V-Zrand Ni-Al
alloys, and TiC coatings with helium ions showed that the
alloys have higher threshold for blister damage as
compared to metals, and that TiC coatings are superior to
bulk material for similar reasons, implying that these
alloys and coatings could be potential candidates as first
wall materials in nuclear fusion reactors.

Several new coordination compounds of uranium,



33

thorium, rare earths, tin, titanium, copper, iron, palla-
dium and platinum were synthesised, and crystal struc-
tures determined for some of these compounds showed
interesting features. A large number of special com-
pounds were prepared for the research and development
activities of other units. Aluminium nitride with low
carbon content, less than 30 parts per million, which is
used as the target material for C 1 4 production and
CaSO4:Dy phosphor required for fabrication of TLD
monitors were prepared and supplied in kg quantities.

A multistream hydrogen monitor, designed and
developed here earlier, was equipped with a
microprocessor-based data processing system and is on
field trials at Heavy Water Project, Baroda.

2.2 Applied Chemistry

R&D work of relevance to the nuclear energy pro-
gramme in the areas of decontamination, chemistry of
oxides and ferrites, complexation of metal ions, radiolytic
behaviour of water and aqueous solutions, thermo-
chemistry of oxides and uranates and behaviour of
gadolinium nitrate under moderator chemistry conditions
was pursued.

In the context of on-line decontamination of the
PHT system of PHWRs the composition of a dilute
chemical decontaminant formulation has been optimised
to achieve efficient dissolution of the oxide deposit on
carbon steel surfaces. The methodology for regeneration
of formulation components has been established and effect
of corrosion inhibitors in minimising base metal loss
has been investigated. Conceptual design of a dynamic
mock up loop for pilot plant scale studies has been
completed.

Studies on dissolution of magnetite and nickel
ferrite, and adsorption of C o 2 + and Mg 2 + ions on these,
and pitting corrosion of Alin buffered chloride solutions
and influence of additives on high temperature oxidation
of carbon steel surfaces under deoxygenated conditions
have been pursued. Computations have been carried out to
assess the influence of changes of dissociation constants of
LiOH and boric acid and of ionic strength of the medium
on the high temperature pH of aqueous solutions. Studies
on mass transport of Fe in Zr- 2.5% Nb alloy and on
migration/segregation of Cr and Fe in steam generator
tube material (Incoloy-800) were extended to higher tem-
peratures upto 1400 K.

Radiolytic studies of water in presence of air/nitro-
gen employing both gamma raysandhighenergyelecirons
under simulated moderator chemistry conditions has
given a better understanding of moderator chemistry
changes during air ingress. The chemistry control para-
meters of PHWRs were reviewed and fresh guidelines were
given.

In pulse radiolysis studies on (he redox chemistry
of organic molecules in solution, fonnation ofdimcranion
radicals of pyridinol and diethyl dilhiocarbamate was
observed and efficient electron transfer from anion
radicals of pyridinols, sulphacetamide andsulphadiaane
to methyl viologen, thionine and safranine demonstrated.
The mechanism of ammonia formation in the radiolysis of
aqueous azide solutions at different pHs has been eluci-
dated.

In connection with the possible use of gadolinium
nitrate hexahydrateas a chemical poison in PHWRs differ-
ent aspects pertaining to its preparation, characterization
andthermalstabilityinaqueoussolution under moderator
chemistry conditions were investigated. Solubility behavi-
our of lithium pentaborate, currently in use in NAPP as a
secondary shutdown poison, was studied at different tem-
peratures to gain insight into the deposition problem en-
countered at NAPP.

Burst emission of neutrons from a D2O electrolytic
cell with Pd cathode was confirmed. Calorimetric
investigation in a specially designed electrolytic cell,
however, revealed no excess enthalpy generation. Low
temperature fluorination of oxides of iron by ammonium
hydrogen fluoride was found to give (NH4)3FeF6 as the
final product irrespective of the initial oxidation state of
iron.

Thermophysical and thermochemical studies were
carried out on barium and caesium uranates, lithium
pentaborate, Y j ^ Ba2 Cu3Ox and Gd(NO3)3.6H2O to
characterize these compounds. Crystal structure of
C5H8N4O3S2has been elucidated by the single crystal
X-ray diffractometric technique.

Vapour pressure measurements on palladium-
platinum alloy by Knudsen effusion technique were
extended to higher temperatures. Vapour pressure of
TiO2 at a number of temperatures was studied by the
transpiration technique to generate data for evaluating the
TiO2-ZrO2 phase diagram.
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In the field of complex chemistry, complexes of
Al 3 + with phenolic compounds such as catechol and
polycarboxylic acids such as tartaric acid were
characterised by 27A1 NMR spectroscopy. The various
complex species formed in the Cu-volatile amine
systems were characterised by electrochemical, ESR and
spectrophotometric techniques.

Different aspects of marine biofouling, microbial
film formation and microbial growth were investigated in
detail. The influence of polyphosphate addition on
corrosion rates in FBTR water was studied. Optimum
conditions for growth of bacterial exopolymeric sub-
stances were established. Studiesoncoolingwatersystems
at both FBTR and MAPS jetty were continued and
adequate chlorination practice recommended to ensure
smooth operation of the cooling systems. A one year
analysis of the sea water at TAPS intake for micronutrients
and biofouling characteristics has been completed to
obtain base data of importance for TAPP 3 & 4 condenser
cooling system design.

23 Fuel Chemistry

Development and extension of sol-gel microspheres
pelletisation (SGMP) route for the preparation of fuel
materials has been one of the main activities. Basic thermo-
dynamic data on relevant reacting systems so as to under-
stand the behaviour of a number of reacting species under
fast reactor operating conditions have been obtained
using different experimental techniques. Research and
development activities have also been carried out in other
areas of nuclear fuel cycle namely chemical quality control
of nuclear fuels and recovery and purification of
actinides from process streams and other analytical wastes.
The data base for nuclear materials accounting has been
further expanded and a statistical quality control study has
been undertaken on zircaloy cladding tubes. Further, the
expertise developed and the experience gained in adopting
sol-gel technology into nuclear application is being
exploited in the conventional ceramic technology also for
the preparation of high temperature superconductivity
materials.

In continuation of the work on SGMP, about 100 kg
of (UO3+C) gel particles were prepared for obtaining soft
U O 2 microspheres suitable for pelletization.

Development work on internal gelation process for
preparation of advanced fuels has been continued. High
density UN microspheres were prepared by carbothermic

reduction of (UO2+C) gel microspheres under nitrogen
atmosphere. Kineticsofthereactionbasbeenstudiedand
a mechanism has been suggested to explain the route of
conversion of U O 2 to UN. The data was usedtoarriveat
the optimum experimental conditions that result in the
formation of product with (O2+C) impurity less than
2000 ppm. Similar studies were carried out for the pre-
paration of UC microspheres.

A process based on internal gelation route has been
optimised for obtaining high density ( > 95 %T.D)UO2

microspheres of 300 pun and 150 0m size. The sol-gel
process was exploited for the preparation of a number of
important ceramics.

Alkoxy route was adopted for the preparation of
AI2O3 sol which was used to obtain transparent alumina
monoliths. These have been heat treated upto 1100°C
without any defects like cracks, etc.

Studies on the M-Cr-O, M-U-O, M-U-Mo-O,
Na-Mo-O systems (M= Cs,Rb,Na) relevant to the fuel
cladding, fuel fission product and fission product-
cladding interactions were continued. The Rb2U4Ojj
phase identified from studies in the Rb-Cr-U-O system
has been prepared in the pure form and characterized by
determining the structural and thermodynamic parame-
ters. Some relevant phases in the Na-Mo-O system have
been synthesized and studied. Uranyl molybdates of com-
positions M2CO2(MoO4)2, M 2 (U0 2 ) 2 (Mo0 4 ) 3 and
M2(UO2)3(MoO4)3 have been prepared for M=Rb or Cs
and characterized by chemical, thermal and X-ray
analyses. Fluorite type solid solution Nay Uj . y O 2 + x has
been detected in the Na-U-O system. The solid state
reaction of (NH4)2SO4 with U 3 O 7 at 250°C has been
interpreted to show that U3O7 has tetravalent and
hexavalent uranium in the 2:1 ratio. Thermodynamic
values on a number of ternary oxide systems, nitride
systems, noble metals and UN and UC have been obtained
using different experimental techniques.

The oxygen dissolved in fast reactor coolant
sodium above threshold reacts with stainless steel clad to
yield the corrosion product NaCrO2 leading to the clad
breach. The free energy of formation of this compound
has been determined earlier by using a solid oxide
electrolyte galvanic cell. The enthalpy increment values of
this compound has been determined in the temperature
range 325 to 850 K using a high temperature Calvet
calorimeter. Using this calorimeter enthalpy increments
of Ru, Rh and Pd and their alloys with molybdenum are



35

being measured as these alloys are formed in the fuel matrix
during irradiation.

Lithium oxide has been proposed as a solid state
blanket material for fusion reactor. At high temperatures
it may react with the container materials (Fe-Ni-Cr alloys
and molybdenum based alloys) and form compounds like
LiCrO2, Li2CrO4, and Li2Mo04 . Standard molarenthal-
pies of formation of Li2CrO4 and Li2MoO4 have been
determined using an isoperibol solution calorimeter.

Fission products, barium and zirconium, interact
under favourable oxygen potential in an operating fast
reactor fuel pin and form BaZrO3. The standard molar
Gibbs free energy of formation of this compound has been
determined by measuring Ba(g) pressure over the phase
field BaZrO3(s) + Zr(s) + ZrO2(s) in the temperature
range 1203 to 1347 K using Knudsen-effusion mass loss
technique. The standard molar Gibbs free energy of
formation of Ba(g) has been determined by measuring
Ba(g) pressures over Ba(l) using transpiration and boil-
ing-temperature techniques.

A high temperature oxide galvanic cell was
operated in the temperature range 858° to 921° K to
determine the oxygen potential existing over the
Na 2 Mo0 4 +Na 3 Mo 3 G 6 +Mo0 2 phases to determine the
Gibbs molar free energies of formation of Na3Mo3O6.

Using the high sensitivity Knudsen effusion mass
spectrometry, vapour pressures of Rh have been measured
down to 1357 °K. Partial pressure of UN(g) over UN(s)
has also been experimentally determined.

The oxidation and hydrolysis kinetic studies on UN
microspheres were carried out using thermogravimetry.
Partial pressure of oxygen and UO 2 impurity content in
UN, affect the reaction mechanism. A model was proposed
to explain the behaviour during oxidation. Similar studies
have been carried out on UC microspheres.

The enthalpy data of phase transition for ternary
oxide phases produced in a fuel are useful to understand
the phase equilibrium relationship. Gibb's free energy
relations are used to get these data. This involves solving a
set of equations for a given set of physical boundary
conditions. A computer program has been developed to
obtain these values at different temperatures for the ternary
system Cs-Mo-O.

Optimum conditions have been determined for

the quantitative conversion of plutonium dioxide into
plutonium tetrafluoride. The parameters investigated
were temperature of hydrofluorination, and HF flow rate
It has been determined that the hydroOourination goes
through two steps with the possible formation of an
intermediate PuOF2. The overall HF utilisation of 50 per
cent, which is three times higher compared to 15 per cent
reported in literature, was experimentally observed.

Various parameters were considered in order to
improve the precision and accuracy of the potentkv
metric, amperomeiric and coulometric methods for the
determination of uranium and plutonium. These include
theuseof largealiquotsof uraniumand plutonium (upto20
mg), minimising weighing error, use of high purity acids
and canyingout blank corrections. Uranium or plutonium
was determined in Pu(NO3)4 working standard, solution
of K4Pu(SO4)4, solution of U 3 O 8 NBS standard and
solution of Rb2U(SO4)3. The precision obtained was
about 0.05% in all methods of analysis and for all types of
samples, which is a significant improvement over the ear-
lier precision of 2 %.

A controlled potential coulometric method for
the determination of uranium in the presence of iron or
plutonium using platinum working electrode was devel-
oped. The method consistsofreductionofuraniumin 8M
H2SO4 by Ti(III) followed by destruction of excess Ti(III)
and selective oxidation of Fe(II) or Pu(III) to Fe(III) or
Pu(IV) respectively by sodium nitrite. U(IV) is sub-
sequently determined by electrolytic oxidation at Pt
electrode using Fe(III) as an intermediate. The method
was employed for the determination of uranium in syn-
thetic mixtures containing varying ratios of U/Fe or U/Pu.
The precision obtained for uranium results was ± 0.25%.

This method was further extended for the individual
determination of uranium and iron or plutonium in a
single aliquot. After uranium determination, Fe(IH) or
Pu(IV) in the aliquot is reduced electrolytically toFe(II)
or Pu(III) and subsequently determined by electrolytic
oxidation to Fe(III) or Pu(IV) respectively. Analysis of
synthetic mixtures containing varying ratios of U/Fe or U/
Pu indicated that the values for U, Fe and Pu obtained
by this method are reproducible within ± 0.2% and are
in good agreement with the values obtained using conven-
tional redox methods.

More than 100 g of the newly proposed chemical
assay standard material, K4Pu(SO4)4, was prepared in
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the purest form. Detailed analysis for stoichiometry,
stability, impurity content and solubility have shown that
the product meets all the requirements of a standard for
plutonium. The crystal structure of K4Pu(SO4)4.2H2O
fromwhichtheaboveanhydrousassaystandardisobtained,
has been determined using single crystal X-ray methods.

The 'narrow span' controlled potential coulometry
method developed earlier for any reversible couple has
been successfully applied to the Np( V)/Np(VI) couple for
the determination of neptunium. The samples analysed by
conventional as well as 'narrow span' CPC were found to be
equally accurate and precise ( ± 0.2%).

Two new sensitive methods for the determination
of fluoride at trace level in aqueous solution were
developed which utilised the strong complexing ability of
fluoride with tetravalent ions. Fluoride ion in aqueous
solution was able to extract back proportionate amountsof
Hf*+ or Zr4* from their thenoyl trifluoroacetonate
complexes in benzene medium. Subsequent measure-
ments were made radiometrically in the case of hafnium
using 181Hf tracer and spectrophotometrically in the case
of Zr using intensely coloured Zr-Arsenazo III complex.
The methods were suitable for the analysis of fluoride in
nuclear fuel samples after separation by pyrohydrolysis
and could be used as alternatives for ion selective
potentiometry. Chemical analysis of non-metallic impuri-
ties like C, H, O and N and total gas content has been
carried out routinely on fuel materials.

The thermal ionisation mass spectrometer
coupled with multicollector detection system has been
used for the determination of isotopic composition and
concentration of a number of elements including Li, Rb
and Ti. A new method of monitoring lithium metaborate
ion for isotopic analysis of Li has been standardised. On the
basis of the analyses of various mixtures of Li2CO3 and
boric acid isotopic standard, a precision and accuracy of
0.5% was established.

Methodology has been developed for the simulta-
neous analysis of uranium and plutonium in the dissolver
solution of irradiated fuel employing the multi-collection
detection system. This eliminates the need for their
chemical separation and purification followed by indi-
vidual mass spectrometric analysis.

The multielemental analysis facility of spark
source mass spectrometer has been used for the determi-
nation of trace constituents in zircaloy clad. Methodology

has been developed to confirm the presence or absence
of hydrogen/deuterium in zircaloy cladding to identify
whether the cause of failure was hydride formation or
deuteride formation. Hydride formation would indicate
manufacturing defect of the fuel.

The composition of the km beam formed in the
spark discharge ion source has been investigated as a func-
tion of experimental conditions like power amplifier
anode voltage and sample to graphite ratio. The variation
in intensity of homonuclear isotopic diatomic molecular
ions has beenshowntobe possibly doe to thecontributions
from the charge exchange peaks.

The solvent extraction chemistry of Pu(IV) from
aqueous hydrochloric acid medium into di-2, ethylhexyl
phosphoric acid (HDEHP) taken in the diluents
n-dodecane, toluene and chloroform was investigated.
The composition of the species extracted were found to be
PuClY(HY2)2 and PuC^fHYj)^ where HY and H 2Y 2

are the monomeric and dimeric molecules of HDEHP,
respectively. The latter species, PuCl2(HY2)2was found
to be dominant when the extraction was done from > 5M
HC1.

Thenoyltrifluoroacetone (HTTA), another acidic
extractant, was found to give appreciable synergism in
the extraction of Pu(IV) by HDEHP from sulphuric,
nitric or hydrochloric acid media. The extraction of the
species PuY(TTA)(HY2)2, Pu(NO3) (TTA)(HY2)2 and
PuCl(TTA)(HY2)2 using H2SO4 and HC1 as aqueous
media, respectively, and the species PufTTAfe f jn^
with all the acids were found to be responsible for the
observed synergism.

Tri-n-octylphosphine oxide (TOPO), a neutral
extractant, was found to give antagonism in the extraction
of Pu(IV) by HDEHP in either n-dodecane, toluene or
chloroform from aqueous sulphuric add medium. How-
ever, the change of the aqueous medium to nitric acid
resulted in synergism. More work is in progress to under-
stand this behaviour.

Isotopic exchange behaviour of bis(diethyl dithio-
carbamate) nickel (II) in chloroform and methanol mix-
tures and bis (resacetophenone oxide) nickel (II)inTBP
and ethanol mixture with nickel (II) was studied. The
studies were carried out at different temperatures and
different concentrations of the metal ion and complex.
The data indicated that both the complexes are labile in
the kinetic sense. Increase of either temperature or
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concentrations increases the isotopic exchange rate.

Studies on the uptake of uranium* and plutonium
using macroporous anion exchange resins from nixed
nitric acid-acetone medium were carried out to find the
possibility of their separation. Distribution data for
Pu(IV) and U(VI) were obtained as a function of acetone
concentration at a fixed IMand 3MHNO3 concentrations
using quarternary amine type macroporous resins A-27
(TA27) and Amberlyte A-26 (AA-26) and tertiary amine
type resin Amberlyte XE-270 (AXE 270). The distribution
ratios were found to increase with increasing acetone
concentration and also high separation factor between
uranium and plutonium was obtained at 1M HNO3 and
20-30% acetone concentration. The results indicate that
a reasonably good separation of plutonium from uranium
could be achieved.

Studies on the extraction of Pu(IV) from aqueous
carbonate medium using Aliquat-336 in xylene has indi-
cated the feasibility of removal of plutonium from such
aqueous waste generated in the reprocessing plant. Using
the same extractant, Aliquat-336, a method has been
developed to recover plutonium from large volumes of
oxalate supemates generated in the laboratory, by enhanc-
ing the extraction of Pu by addition of trivalent cations like

An anion exchange method has been developed for
the recovery of plutonium from phosphate containing
analytical waste generated in the laboratory using macro-
porous anion exchange resin, Amberlyte-A-26. As part of
the workon alloy based plutonium fuels experiments were
carried out for the recycling of alloy scrap.

A quality control study wa» carried out on quality
control data obtained from AFD on 0.2%yieldstrengtli
at 343°C for zircaloycladding tube* for BWR fuels. When
the control limits were found for the control d u n s with
thegiven minimumspecifjeationof IS ksi, most of the data
were falling beyond these control limits. A new set of
control limitswercfound iocover80%ofthedau ignoring
the minimum specification. If these control limits are to be
accepted, the minimum specification will shift to 12 ksi.

The inventory information from the nockar mate-
rial accounting reports received during the year was
entered into the NUMAC database after checking the
internal consistency and the monthly inventory status
reports were prepared.

2.4 Radiochemistry

The fission cross sections of erbium (Z=68)
induced by helium ions in the energy range 34-65 MeV was
measured. The measured cross sections ranged from
< 7xlO"33cm2 at 34.3 MeV to 2.40 ± O^xKT^cm2 at
65 MeV. The fission excitation function is shown in
Figure 1.

The fission barrier (Ef) was estimated to be
27.8 ± 3 MeV for the compound nucleus Yb1 7 1-3 formed
by the interaction of Er(Nat) with He-ions. The corre-
sponding values of level density parameters for neutron
emission (an) and fission (af) are 13.05 MeV (weighted
average value) based on a simple liquid drop model mass
formulation. The present work represents one of the
lightest compound nuclear systems for which fission
barrier has been determined experimentally and extends

Reaction

A u197 + O16

Lu^'5 .j. Q 1 6

Ho165 + O16

Compound
nucleus (MeV)

Fr213

Au 1 9 1

Re181

Elab

75.0
81.0
96.0

108.0
81.0
96.0
81.0
85.0

100.0

Table 1

i
(m.b.)

0.112
17.7

420.0
919.0

0.6
45.0
0.012
0.106
6.339

W(180)/
W(190)

1.24
1.76
2.66
2.90
3.66
3.87
3.02

-

<l>exp

5.9
14.93
24.3
27.6
23.19
26.53
19.08

-

<l>cal.
(optical
model)

8.0
10.52
25.6
33.4
17.14
28.8
19.83

_
-
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the range of elements studied and brings out several
systematic trends in low Z-systems.

Some measures iits on the cross sections and
fragment angular distributions in jthe fission of Au-197,
Lu-175 and Ho-165 induced by O-16 ions at several bom-
barding energies above the fission barriers were carried
out using iheBARC-TIFR 14UDPelIetron accelerator. A
preliminary analysis of the anisotropy data indicated the
mean square angular momentum < I2 of the fissioning
nuclei and is compared with similar data available. The
results are given in the Table-1 and also shown in Fig. 2.

The o/f ratio of Cf-252 and Cm-244 have been
determined to be 31.56 ± 0.34 and 6.98 ± O.OMxlO5

respectively by using the fission track technique and
CR-39 as the solid state nuclear track detector.

An SSNTD technique of measurement of thealpha
decay constant to fission cross section ratio of some
known actinide elements was standardized. By knowing
standard values of the \/Oc ratio for the actinides, it was
possible todetect the isotopes of these actinides present in
ultra trace amounts in certain samples. It was established
that the routine detection limits for natural and enriched
uranium was of the order of 100 picograms and one femto-
gram respectively.

The fission cross-sections and fragment angular
distributions in the fission of Au-197 (Z=79) excited with
He-ions in the energy range 30-70 MeV have been
measured using the sensitive fission track technique. The
angular distribution measured in the laboratory system was
transformed to the center-of-mass system and fragment
anisotropies were calculated. The absolute fission cross
sections were calculated by integrating fitted anisotropy
function and from a knowledge of the integrated beam
current and target atoms. The measured fission cross-
sections vary from 11 microbarns at 30 MeV to 16.8
millibarns at 70 MeV. The excitation function is shown in
Figure3. The data were analysed using a statistical model
expression to get the fission barrier, E f of TI-201,
compound nucleus formed by the interaction of Au-197
with He-ions, and the level density parameters, an and af

for neutron emission and fission respectively. The calcu-
lated values are: E f = 19.3 ± 2.5 MeV; af = 16.75 MeV-1,
a n = 14.57 MeV*'. These values agree very well with the-
best data available.

Work on mass-resolved angular distribution of

fission products in 72 MeV 1 2C induced fission of ^ T h
was carried out at the PeHetron accelerator. The results
obtained are given in Table 2 showing dependence of
angular anisotropy on (A, Z) of different fission products.

Table-2

Angular anisotropy for individual
fission products in 2 3 2 Th+ 1 2 C

Fission
Product

W(O)/
W(90)

» M o «*Rh m P d

1.933 1.828 1.54 2.051 1.756 1.716

Investigations on isomeric cross-section ratios
(ICR) of evaporation products in 12C induced reaction
on 8 9 Vat various projectile energies of 43-73.5 MeVhave
been carried out. ICR was found to increase with
projectile energy due to higher input angular momentum.
The results are shown in Table 3.

Tabte-3

Isomeric cross-section ratio (ICR) in 89Y+12C:

Energy (Lab) MeV

43.2
52.0
55.4
63.0
66.9
73.5

"Rh

5.66
11.82
17.67

-

ICR values

97 R h

8.76
10.07
16.04
17.33
22.06

9STe

2.04
4.31
4.72
8.57

-

^ e

.
5.75
8.76

16.45

-

Further reaction channels involving alpha particle
emission show much lower ICR than those involving
neutrons emission at any projectile energy indicating that
alpha-particles carry away much more angular momentum.

Investigations have been carried out to examine the
dependence of average angular momentum (J-RMS) of
specific mass-asymmetric fragments on their direction of
emission. In these experiments J-RMS for fission product
132I were deduced in 2 3 8 U (alpha 40 MeV) system at
VECC Calcutta from radiochemically determined
independent isomeric yield ratios at different angles of
emission. A detailed statistical model analysis showed a
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variation of J-RMS from 16 to 10 h for emission angles
from 90° to 20° with respect to alpha beam direction
(Table-4). These studies bring out (i) the role of initial
angular momentum dependent collective rotational degrees
compared to the statistically populated (temperature
dependent) rotational modes, (ii) dependence of angular
momentum partitioning on mass asymmetry.

Table-4

Isomeric yield ratios and RMS angular
momenta for 132I at various emission angles

e

84.47
64.18
48.95

38.48
31.29
25.70

A9 Ym'/(Ym'+Y)

90-79.1 0.802 ±0.011
68.7-59.7 0.801 ± 0.020
52.1-45.8 0.698 ± 0.054
40.6-36.3 0.619 ± 0.030
32.8-29.8 0.532 ± 0.044
30.0-21.4 0.562 ± 0.030

JRMS

16.5 ± 0.6
16.5 ± 1.3
12.4 ± 1.3
10.6 ± 0.6
9.0 ± 0.6
9.5 ± 0.5

Studies have been carried out on the isomer ratios
of residuals from multinucleon and cluster decay modes in
30-50 MeV alpha-particle induced reaction on ^ A u
using stack foil and off-line gamma-spectrometric tech-
niques. The gamma ray intensities, total electron con-
version coefficient, gamma-transition multipolarities,
internal transition and electron capture branching
fraction and log (ft) EG values were determined for low-
lying excited state of 197Hg.

Studies on the decay of6-164Trn(t 1 /2=5 min)
have been completed. A detailed decay scheme of the
isomeric state of 164Tmhas been constructed on the basis
of gamma-gamma coincidence countings. The investi-
gations suggest the existence of many new features in
daughter product 164Er levels not known earliler. Four
new levels at 1684, 1764,1799 and 3303 keV were found to
be directly fed by EC/ /?+ decay of 164mTm. The spins of
new levels of 1684 and 3303 were deduced as 5 + and (6,7)"
respectively. The present gamma-gamma coincidence
studies indicated the existence of 5 rotational bands from
this decay as against three bands known earlier.

Fast radiochemical separation techniques have been
developed for the fission products Ti, I, Xe, Ba, Cs, Sb, Ce

within a time scale of 10-20 seconds employing gas-jet
transport and automated solvent extraction techniques in
tandem for studies using short-lived fission products.
Cumulative yields of short-lived cesium fission products in
the spontaneous fission of Cf-252 have been determined
by gamma spectrometry after fast separation by solvent
extraction.

A method has been developed for carrier free
separation of palladium from large quantities of fission
products. A method has also been developed to separate
high-specific activity " M o (carrier free) from typical
fission product mixtures.

High purity, trace amounts of 2 3 6 P u required for
use as tracer for biological and environmental studies has
been obtained after its preparation using 2 3 5U(0,3n)
236Pu reaction followed by radiochemical purification.

Electron paramagnetic resonance (EPR) investi-
gations have been carried out on 233{j5+ doped in

I h b i d i f i d h ^ 5 *
p

LiNbO3. It has been identified that ^ U 5 * entered the
lattice at Nb 5 + site with nearly octahedral oxygen coordi-
nation. From the six line hyperfine structure electron-
nuclear hyperfine coupling constants were determined.
This is the first determination of ^ U hyperfine constant
inthepentavalentstate of uranium. The systematiceffects
of progressive F" substitution in (UO6)7- on the hyperfine
interaction were investigated. It was found that
substitution of O " , with a more ionic ligand, P , reduced
the h.f constant symptomatic of increased covalency.

EPR investigations were carried out on the Chevrel
phase compound UMo6Sg. The EPR of U 4 + was
investigated between 20-80K. The prominent tempera-
ture dependence of the g-shift observed has been inter-
preted as due to interaction of conduction electron with
local moment of U 4 + .

EPR investigations have been carried out on Cu 2 +

and Mn2 + doped (NH4)3 UO2F5, (NH4)4UF8 and ( N H ^
PuFg over a wide temperature range. These studies sug-
gested the presence of structural phase transitions around
100° K in (NH4)4 UF 8 and (NH4)4 PuF8, and a high
temperature transition at 390° K in (NH4)3UO2F5. The
high temperature transition was confirmed by DTA
Structural phase transition studies were also investigated
by EPR, in Yb-hexa antipyrene triiodide. The phase
transition occurring at 100 K in this compound was found
to be of commensurate-incommensurate type.

Sri
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An ICP-AES method was developed for the
determination of plutonium in aqueous solutions. The
analytical range is 0.1-100 fig/ml, with precision better
than 1% RSD. It was shown that this determination is
unaffected by the concomitant presence of U, Th, lantha-
nidesandother elements. An ETA-AAS method has been
developed for the direct determination of uranium in
plutonium, in the range 0.5-20ug/ml with a precision of 7%.

The synergistic extraction of Am(III) at pH of 2.75
by a mixture of HPMBP and dialkylamides (A) in benzene
indicate that the species extracted is Am(PMBP) HPMBP A
Solid uranyl and plutonyl synergistic complexes with
acylpyrazolones and dialkylamides have been found to
have 1 and 2 amide molecules respectively.

A method for the extraction and estimation of
palladium from 1-3M nitric acid using dioctyl sulphide
(DOS) in dodecane has been developed.

The mechanism of extraction of americium(III)
withdiazal8 crown 6/dimethyl naphthalenesulphonicacid
(DNNS)/toluene system has been investigated which was
observed to form a much stronger complex in aqueous
phase compared to that formed with 18-crown-6. The
logarithms of the extraction constants obtained for Pu(I V)
with benzoyl(PMBP) and dinitrobenzoyl (PMDP) pyra-
zolones in the organic phase were found to be 13.1 ± 0 . 3
and 13.4 ± 0.2 respectively at 25°C and 1 M ionic
strength.

2.5 Analytical Chemistry

Analytical support for the different research
programmes and the on-going and new projects of the
various units of the Department of Atomic Energy,
including NFC, NPCIL, H WP, IRE etc was continued to be
provided. Over eighty different types of samples,
aggregating nearly 2000 samples involving 5000 determi-
nations, were analysed. Several existing analytical
methods were standardised and several new analytical
procedures were developed. These include, ICP OES
method for the determination of rare earths in yttrium
oxide and the Ion Beam Analysis methods for metal and
alloy coupons implanted with nitrogen for uptake and
depth profiling of fluorine. Traces of platinum in human
blood serum were determined by GFAAS and ICP-OES,
and the method of GFAAS was utilised for the deter-
mination of fluoride in water. Ion exchange separation and
preconcentration method has been utilised for the
determination of as many as 7 elements in gallium matrix.

Basic studies in electrochemistry included the
investigations of adsorption and underpotential deposi-
tion of T1(I) on mercury electrode, electrochemistry
using aluminium wire electrode and impedence studies
on platinum, iron and nickel in 0.1 N sulphuric acid.
Thermal decomposition studies of the oxinates and
adduct oxinates of uranium and thorium revealed many
newfactors and could establish the mechanism of thermal
decomposition. Several ion exchange systems in aqueous
and mixed solvents have been studied from the point of
view of thermodynamics. Support was provided to the
Beryllium Plant for the design and fabrication of the
powder classifier for optimising conditions for obtaining
maximum efficiency. A general scheme was prepared and
provided to NFC, Hyderabad for the recovery of uranium
fromwastesolutions. Analysis of deposits incoolant loops
yielded significant information on the nature and cause of
the deposits. The information could be used for preven-
tion of choking and corrosion. Several elements in Polish
tobacco were determined by Instrumental Neutron
Activation Analysis (INNA) and other methdds for inter
laboratory comparison of results. Technical guidance to
the personnel of Central Forensic Science Laboratory,
Calcutta based at Trombay for the application of neutron
activation analysis (NAA) for forensic purposes, was
continued. The collaborative programme with Geological
Survey of India in which an INAAunitwasset up in Pune
was reviewed and was pronounced to be highly
satisfactory.

The National Centre for Compositional Char-
acterisation of Materials (NCCM) is being set up at NFC
Campus, Hyderabad. This centre will develop new
analytical methodologies, with results of assured quality,
for compositional characterisation of pure materials used
inhigh technologyareas like atomicenergy and electronics.,
It will also provide validation support to national
programmes through standard reference materials and
specialised training in trace and ultra-trace analysis.
The centre will comprise of three laboratories: (' 1 Trace
analysis laboratory, (2) Profile measurement lab.,
housing a 3 million volt terminal Tandem Accelerator,
and (3) the Ultra-trace laboratory to handle very
high purity samples. The design frame work and the
materials for construction have been so chosen to minimise
the fire hazards. About 40% of civil works with respect
to the Bulk Analysis and Profile measurement lab,
air conditioning plant room, workshop building,
electrical sub-station and administrative building have been
completed. Designs and drawings with respect to
the Ultra-trace lab. are at the final stages for tendering.
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MATERIALS &
MATERIALS SCIENCE

3.1 Heavy Water

Considerable progress has been made in setting up
a pilot plant at BARC for removing tritium from heavy
water by chemical exchange followed by cryogenic distilla-
tion. Erection of major equipment such as helium refri-
geration system, deuterium blower, freon refrigeration
unit, etc. has been completed. Erection of cryogenic
distillation column, associated heat exchanger and
pipeline system is in progress.

Reconcentration plant at BARC has been
operating satisfactorily. Downgraded heavy water
received from Dhruva and Cirus reactors was enriched to
greater than 99.86% concentration. Cleaning of acidic
heavy water received from various heavy water projects was
carried out for further enrichment to reactor grade.

Studies for determining the optimum process
parameters for photochemical enrichment of deuterium
on a pilot plant scale using monomeric formaldehyde as
feed material have been continued. A xenon chloride
excimer laser pumped UV dye laser in association with an
in-house built multipass absorption cell system has been
utilised for these studies.

Studies on the feasibility of an on-line upgrading
plant to increase isotopic purity for better fuel economy
were carried out. Performance evaluation of various
heavy water upgrading plants at reactor sites and final
enrichment plants at heavy water project sites was carried
out. Reactivation of two more distillation columns of
Manuguru heavy water project was achieved, and
improvement in performance is under review. Fabri-
cation of tower internals and performance evaluation of
individual sections of heavy water upgrading plant to be set
up at KAPP are in progress.

Work on setting up an additional 1.0 metre
diameter enrichment column unit at Thai and Hazira
upgrading plants and 0.6 metre diameter unit at Baroda
plant, and setting up of the chemical laboratories at Heavy
Water Projects at Manuguru and Hazira is in progress.

A number of deuterium labelled compounds were
prepared and supplied to various research institutions in
the country. The aggregate value of the products was
approximately two Mhs of rupees. Deuterium gas and
heavy water demanu of various users was also catered to.

3.2 Rare Earths and Other Materials

Work on preparation of ammonium uranyl
carbonate (AUC) for converting to sinterable uranium
oxide, recovery of uranium from crude uranium tetra-
fluoride, preparation of stable isotopes, scintillation
chemicals, carbon specialities and elemental fluorine was
continued. An experimental set up has been installed and
a number of runs were carried out to determine process
conditions giving free-flowing AUC from which sinterable
uranium oxide could be produced. Bench scale work on
recovery of uranium from crude tetrafluoride has been
completed and the process is being tested on a pilot plant
scale. Study of hydrogen-deuterium isotope effect in
decomposition of sodium amalgam using a continuously
operating experimental system is in progress. Enrichment
of boron-10 by ion exchange is being studied. Work on
synthesis of newscintillationsdlutesand preparation of
colloidal graphite suspension for zircaloy coating has been
taken up. The large fluorine cell of improved design and
the accessory systems were operated satisfactorily and the
fluorine gas produced was utilised for production of metal
fluorides. Operation of the pilot plant for production of
scintillation chemicals PPO and POPOP was continued to
meet the demand of nuclear power plants and research
organisations. Production and supply of polystyrene
based plastic scintillator blocks were continued.

The research programme on separation of rare
earths to obtain high purity individual rare earth oxides has
made rapid progress. New approach to develop process
flow sheets based on mathematical modelling and
computer simulation studies have been standardised.
Based on this, a process flow sheet to produce high grade
neodymium oxide has been evolved and tested successfully.
This technology would be utilised by Indian Rare Earths
Ltd. to produce large quantities of neodymium oxide
required for making permanent magnets. India would be
one of the few countries in the world to have such a
know-how.

A new concept in solvent extraction technique
called "3-exit process" has been developed for simulta-
neous recovery of three metals as high purity products.
Work on preparation of rare earth phosphors used in
trichromatic lamps and TV screens has been initiated.

A pilot plant to test process flow sheet for recovery
of uranium from wet process phosphoric acid is being set
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up at FACT, Cochin Division. This pilot plant is expected
to be ready for trial runs by end of October 1991. It will
help in finalising the indigenous technology for recovery
of over 150TofU 3 O 8 per year from this source. This
process is based on solvent extraction technique using
DEHPA and TOPO as extractants for uranium. These
costly reagents are at present being imported and the
know-how for their preparation is being developed. The
know-how for the preparation of DEHPA using
indigenous raw materials has been developed. Work is in
progress for the preparation of other reagents.

Development of a suitable process flow sheet for
recovery of uranium from the newly discovered high
grade ore deposits in Meghalaya is under progress. The
technology for production of uranium metal used in
research reactor fuel has been further upgraded.

3.3 Metallurgy

Installation of an experimental electrothermal
fluidised bedchlorimeter has been completed and the unit
has been successfully operated without interruptions for
periods of over 24 hours, producing crude zirconium/
hafnium chloride by direct chlorination of zircon mineral.
Trial runs have been conducted on hafnium separation by
extractive distillation of the crude chloride mixture in a 12
stage distillation column assembled for the purpose. A
signiflcant separation of hafnium from 3.1% in the feed to
1.5% in the product could be achieved which demon-
strated the feasibility of the totally non-aqueous pyro-
chemical process for effective hafnium separation for the
production of nuclear grade zirconium. Work on ultra-
purification of hafnium by hot filament technique has been
continued, and a bright shining hafnium crystal bar, 20.S
mm in diameter and over ? kg in weight has been grown
on a thin filament in a single campaign. For the
production of low carbon speciality ferro-alloys
of refractory metals, a general process involving a
aluminothermic reduction technique has been
successfully developed. The process has been fully tested
in the production of alloys such as a series of Fe-Nb, Fe- V,
Fe-Mo, Fe-W, Fe-Ti, Fe-Cr and Fe-B alloys, all of which
form important steel additives. Action has been
initiated for the transfer of this technology to interested
entrepreneurs.

Work has been continued on the preparation of
ceramic-metal seals for ultra high vacuum applications.
The process based on electroless nickel overplating and
flame brazing of moly-manganese metallised alumina

tubes has been modified by changing the procedure to
nickel electroplating and vacuum brazing. By this method
it has been possible to prevent surface contamination and
to produce clean brazed joints capable of withstanding
vacuum better than 10"9 torn It is planned to take up mass
production of brazed joints for use as feed-thru's in ultra
high vac jum systems.

3.4 Materials Science

In the area of materials research, the main emphasis
has been onstructure-property correlations, deformation
structure and characteristics, phase transformations,
characterisation of laser treated materials and corrosion
studies. High temperature deformation studies have been
carried out at different strain rates on important reactor
materials like zircaloy-2, Zr-2.5Nb and Zr-2.5Nb-0.5Cu
alloys and on pure zirconium with a view to optimising
their hot forming parameters. Tests have been
conducted under compression and the efficiency para-
meter, which is closely related to strain rate sensitivity,
determined in each case. Based on this, a map
representing the temperature -strain rate field, has
been constructed connecting points of identical efficiency
with individual contours. The map shows well demarcated
regimes and is very useful in deciding on the hot optimum
forming conditions. This new concept of deformation
modelling has given excellent results when applied to hot
extrusion of zircaloy-2 and Zr-2.5% Nb tubes.

Annealing studies have been carried out on
Zr-2.5Nb coolant tubes to develop a model to determine
the exact level of anneal required to be given after cold
work for achieving the specified strength. For this, apart
from microstructure studies, some empirical constants
relating stress and plastic strain have been chosen as
markers to follow the process of annealing recovery. The
constants have been evaluated from tensile test results,
and, for any given amount of cold work, a definite
correlation of time and temperature of anneal is evident.

A new technique based on projections from higher
dimensional lattices has been made use of in explaining
the structure and stability of long period superlattices
occurring in alloys. In this model, the energetics are
worked out by considering pairwise interactions in a
4-dimensional lattice. The predictions based on this
model have been found to be in good quantitative agree-
ment with the reported experimental data for a
2-dimensional long period superlattices in Al-Ti inter-
metallics. The studies on evolution of microstructure
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during room temperature deformation in the widely
used nickel-based superalloy Inconel 718 have led to
some interesting observations. The precipitates of the
strengthening interntetallic phase, when small, are
deformed by thepassageof pairsorquartetsofdislocations
and beyond a critical size the deformation mode changes
over to deformation twinning within the precipitates.

The effect of cascade forming radiations on the
order-disorder transformation and on the formation of
non-equilibrium phases in thestoichiometric N14M0 alloy
has been examined by using self ion (Ni+) irradiation. On
the basis of TEM studies, phase stability diagrams have
been prepared for the relevant ordered structures over
the temperature range of 300-1050 K.

Laser Surface Alloying (LSA) has been studied as
a means for surface modification and improvement of
corrosion resistance. Laser irradiation has been carried
out on chromium electroplated mild steel coupons using
a pulsed Nd-YAG laser (300 watts). Anodic
potentiostatic polarisation studies conducted on these
specimens have shown that surface alloying to form a
Fe-Cr film is total when the chromium plating thickness
is about 18 microns and laser irradiation is carried out at
a power density of 294 kW/cm2. The study has shown that
LSA is an elegant and inexpensive technique for
producing surfaces highly resistant to wear and corrosion.

A comprehensive project study has been initiated
under the Indo-Soviet Science Co-operation Programme
in the field of laser materials processing. Different modes
of laser processing involving heat-treatment, surface
melting and surface cladding are under investigation to
study the microstructuf al and compositional changes that
occur as well as to optimise the process conditions and to
work out structure-property correlations.

Significant progress has been made in the corrosion
evaluation of stainless steels and nickel based alloys which
find use in nuclear reactors. The Ti/C ratio (7) and the
molybdenum content (2-3%) necessary to drastically
reduce intergranular corrosion in austeniticstainlesssteels
have been established. Studies on localised corrosion in
nitrogen containing stainless steels have been continued
and resistance to pitting corrosion was observed in these
steels attributed to nitrogen enrichment at the pit surface.
A model has been developed to predict stress corrosion
crack velocity under different environmental conditions.

The specification tests for the acceptability criteria of
SS304Lfor use in nitric acidmediahavebeenupgraded for
better reliability, and laboratory tests have shown Alloy-
690 to be far superior in its resistance to pitting corrosion
as compared to the most widely used steam generator tube
material, Alloy-800.

Nd-YAG laser crystals were grown and rods of size
4 mm dia x 30 mm have been fabricated.

3.5 Desalination and Hydrogen Production

Operation of 425 m3/day Multistage Flash (MSF)
desalination plant was taken up after the testing of various
subsystems. The plant is under evaluation for its perform-
ance with the reliability assessment of various process
equipment. It has been designed for a higher performance
ratio (PR = 9) than plants abroad due to high cost of
energy in India. The efforts will be made to achieve even
higher PR in the range of 10 -12 during the test runs to
further reduce the energy consumption in the plant.

30 Te/day shipborne thermal desalination plant has
been operated round the clock for performance evalu-
ation and endurance test. A product purity upto3.5ppm
total dissolved solids (TDS) from sea water feed of 35000
ppmTDS at design capacity was achieved. Plant operation
was demonstrated for Technology Transfer. The plant is
based on low temperature evaporation concept and waste
heat at 60 -65°C can be used as heat source. It requires no
chemical pretreatment of sea water except chlorination.
This is an advantage over reverse osmosis (RO) plants.

Reverse osmosis process was demonstrated for its
utility in the decontamination of radioactive effluents.
For 10"4 to 10"3 /ici/ml level effluent streams, a decon-
tamination factor of more than 10 was achieved
corresponding to a volume reduction factor of 20. Based
on the experimental data, design of a 300 m3/day RO
plant has been taken up. The installation and operation of
the RO plant will considerably reduce the throughput time
of the waste during its conditioning phase of management.

The usefulness of reverse osmosis and ultra-
filtration techniques for the decontamination of Uranium
Oxide Plant effluents at Hyderabad was successfully
demonstrated using bench scale units. By a two stage
process, the uranium concentration in the effluent stream
was reduced to about 1 mg/1 from initial levels of about 200
mg/1. Itwasshown that grinding sludge effluents can also
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be decontaminated using ultrafiltration and reverse
osmosis combination. Further experiments are planned to
generate design data.

A 500 g batch aromatic polyamide hydrazide has
been successfullyprepared. This would enable large scale
production of membranes capable of single pass sea water
desalination. The membranes are undergoing long
term performance evaluation studies in plate module
system.

A 6 m3/day shipborne desalination plant based on
reverse osmosis process has been designed and is under
fabrication. These types of plants will be useful for
producing fresh water on board of naval and merchant
ships and on offshore installations.

The Hydrogen Pilot Plant of 33 NM3/hr capacity

was installed and commissioned, using the advanced filter
press typeelectrolyser based on the porous nickel electrode
concept. The electrolyser is capable of operating at high
current densities.

The pilot plant electrolyser is compact with
reduced space requirements and gives hydrogen gas at a
purity level of 99.7%. The plant after commissioning
manually has been put on the automatic mode for all the
process loop systems like electrolyte recirculation, gas
separation and delivery systems. The operating current
density of upto 4000 amperes per square meter and test
runs at 6 kg/cm2 pressure have been obtained. Efforts
are further underway to improve the plant capacity at
increased current densities, temperatures and pressures
of operation. Various safety features like hydrogen
gas monitors, ventillation system, on-line gas analysers
and flame-proof electrical items, have been incorporated.
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RADIOISOTOPES

4.1 RadioisotopeProduction

Planning, scheduling and irradiation of targets both
for regular isotope production and for service irradiation
of various materials have been carried out in Dhruva, Cirus
and Apsara reactors. During the year, a total of 1360 units
were irradiated in all the reactors. The main isotopes
produced include 13.70 TBq (370 Ci) of 1 3 1I, 31.11 TBq
(840 Ci) of "Mo, 1.037 TBq (28 Ci) of 3 5S and 498.14 TBq
(13,450 Ci) of 192Ir. Irradiation is also being carried out
for the special neutron source start up assembly for Fast
Breeder Test Reactor at Kalpakkam with an estimated
total activity of 51.85 TBq (1400 Ci) of 124Sb.

4.2 Radiochemicals

125I is the most commonly used isotope for labelling
antigens and antibodies for radioimmunoassay and for the
preparation of a number of radiopharmaceuticals. It is
planned to produce this isotope by irradiating xenon gas
in a specially designed container under a pressure of
5-10 atmospheres. The special container has been
designed, fabricated and tested. For the post irradiation
handling of xenon gas to separate 125I, a new 4" lead
shielded facility has been set up incorporating a remotely
operated can cutter, gas handling facility, cryogfnicsystem
etc.

High specific activity fission " M o is generally
preferred for the preparation of "(m)Tc, a versatile nuclide
used for the production ct a wide variety of technetium
based radiopharmaceuticals.

A method based on the oxychloride hydrochlori-
nation - sublimation technique has been finalised and it is
proposed to carry out a few trial runs at 74 GBq (2 Ci)
levels in the 4" lead shielded facility which has been
specially set up. Decontamination of ^ M o from 131I to a
level acceptable as p~r U.S.P. standards has been achieved
using ion exchange chromatography on Chelex-100 and
a procedure has been standardised for the above.

An R&D facility fortheextraction and handling of
tritium from irradiated alloy consisting of all metal gas
handling line, gas circulation systems and pyrophoric
uranium traps has been set up. Experiments are in
progress to enrich the tritium from tritium-hydrogen
mixtures by gas chromatographic technique using palla-
discd asbestos as the backing material.

1925.92 TBq (52,000 Ci) of ^ C o were fabricated
and supplied to Radiation Sterilization Plant, RASHMI,
Bangalore, in the form of six integral source pencils.

Three units of Gamma Chamber-900 loaded with
166.66 TBq(4500Ci)of60Co, one unit of GC-4000 loaded
with248.14TBq (6700Ci)of ^Coand one GammaShine-
lOOOcontaining 37.03 TBq (lOOOCi) of^°Co weresupplied
to Defence Laboratories, Jodhpur and University of
Kerala.

4.3 Radiopharmaceuticals

Radioimmunoassay procedures for the measure-
ment of drugs like Clonidine and Theophylline have been
developed and standardised. RIAs for some steroid
hormones namely Testosterone, Estradiol and Cortisol are
being developed. Methods are being standardised to label
the hormone and purify the radiouacer to the required
quality and the antibodies to these steroid hormones.
These RIA techniques for thesteroid hormones are useful
in the diagnosis of endocrinological disorders.

Exchange labelling methods with amine phenol
Jigands were standardised. These studies demonstrate that
^(•"JTc complexes of the amine - phenol class of Iigands
can be prepared by the above methods which will be of
interest in labelling antibodies conjugated with the above
type of bifunctional chelating agents.

The ideal half life (65 h) and gamma energies of 171
and 245 keVmake m I n an isotope of choice for labelling
monoclonal antibodies for immuno-scintigraphy. A
method has been standardised for the labelling of
antibodies with longer lived 113In through bifunctional
chelating agent (BCA).

4.4 Tracer Applications in Industry and Hydrology

Environmental isotopes like 2H, 3H, 18Oand34Sas
well as major, minor and trace chemical species were used
to study the salinity of groundwater in coastal Midnapore,
West Bengal. The results indicate that the salinity maybe
due to some entrapped old sea water and contribution
from saline waters of Hooghly and Haldi rivers.

Similar studies carried out on saline groundwaters
in different parts of Haryana using environmental
isotopes led to the conclusion that the saline nature isdue
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to high concentration of salts by evaporation during
recharge of irrigation waters. At the request of Ground-
water Survey and Development Agency, Government of
Maharashtra, a similar experiment was carried out to
investigate the effect of salt pans on the quality of ground-
waters in some coastal parts of Palghar. It was observed
that the salinity of groundwater is due to the contribution
from the Creek water feeding the salt pans or from the salt
pan itself. Isotope studies have been initiated in various
geothermal areas, namely U.P., Himalayas, Rajauri,
Jammu & Kashmir, to investigate the origin of geothermal
waters, mixing of deep hot waters with shallow cold water
and to measure the sub-surface temperature. Environ-
mental isotopes are being used to study the recharge to
groundwaters in different areas of Rajasthan like G-nga-
nagar, Bilara, Jodhpur and Barmer.

A sediment transport study has been completed in
Karwar Coast, for the Seabird Project of Indian Navy, using
370 GBq (10 Ci) of ^Sc. The result showed that the
movement of sediment is towards the shore between Anja
deep and Ange Islands. A similar radiotracer experiment
using 296 GBq (8 Ci) of ^Sc in the form of glass has been
carried out at Hooghly estuary off Nayachara Island to
study the movement of bed load sediment. The results will
be useful to select a suitable dumping site for the dredged
material.

A number of radiotracer experiments using 198Au
were carried out at Naval Dry Dock, Visakhapatnam, to
study the points of seepage in the sea bed resulting in heavy
seepage in the dock.

4.5 Radiation Technology

Work has been undertaken for the development of
Computerized On-Line Isotopic Radiographic Imaging
System (COLIRIS) and Computerized Isotopic Tomo-
graphic Imaging System (CITIS). Design of the various
components like rotary scan beam generator, detection
devices, signal processing circuits and other mechanical
supporting systems has been completed. Several com-
puter programs for contrast stretching, density slicing,
image magnification and automatic source decay correc-
tion have been completed.

As part of radiography services, shielding integrity
tests of a number of coolant tubes/flasks and end fitting
were radiometrically tested for NPC.

Cu-Be blocks for various uses were radiographically

inspected for cavities, voids and other discontinuities.
Auto-radiographic examination of cesium-137 glass
system and vermiculite based glass system for uniform
andhomogeneousdistribution of activity wascarried out
Development of a nucleonic gauge set up using 252Cf -
source has been initiated for the measurement of bottom
plate clearance of oil storage tank and foundation in
petrochemical industries. Development work of a new
remotely operated camera with tungsten-lead composite
shielding has been undertaken. Precommissioning
safetyreports for the multi-purpose irradiator for Defence
Lab., Jodhpur and for the R VNRL irradiator for Rubber
Board, Kottayam, have been prepared.

In the Electron Beam Accelerator facility, detailed
dosimetry studies on the linear and circular conveyor
systems were completed using radiochromic dye film
dosimeters, which were calibrated with respect to gamma
radiation using gamma chamber-900.

EB irradiation of diamonds were carried out to
study the effect of EB dose to upgrade clear diamonds to
preferred colours. In connection with the development of
an alternate solid state physical dosimeter, irradiation of
glutamine was done for different doses.

Thyristor irradiation work was continued. Minority
carrier life-time can be controlled byEB irradiation for
regulating important parameters like forward voltage
drop, turn-off time and reverse recovery charge.
Irradiated thyristors were tested at BHEL, Bangalore,
and the results are encouraging.

For M/s. Remco /Technocraft, Bombay, polythene
'O' rings were irradiated in single layers from both sides to
establish the optimimum dose required, for improving
their melt-index and mechanical properties.

Experiments are in progress to use the EB
accelerator as a source of Bremsstrahlung radiation by
employing targets of high atomic number with different
thicknesses. Necessary modifications in the extraction
device are planned to enhance the Bremsstrahlung
radiation. A continuous wire mesh type variable speed
endless conveyor has been installed in the EB accelerator
facility to improve the batch tobatchreproducibilityofthe
results in the irradiated samples.

Radiation degradation studies of different types of
Teflon scrap as well as Hiflon620werecarriedout. More
than 100 kg of the material was irradiated to doses of IS
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Mega rads in the presence of chloroparaffins. The
degradation products were found to be easilypulverisable
to fine powder. Studies on other grades of HIFLONsuch as
carbon filled, bronze filled and silica filled werecontinued.
It was found that the filled HIFLON grades were more
easily depolymerised compared to unfilled grades. New
radiation polymerised systems for controlled release of
drugs like Ibuprbfen are being developed using HEMA -
MMA system.

Under the Fission Product Sources Project, the
facilities for the preparation of caesium-137 medical and
industrial sources have been set up and commissioned. A
few trial runs have been carried out using inactive caesium
glass. Modification of the unit and the glass drawing

capsule were carried out and is being further tested for
proper functioning. Regular fabrication of active cesium-
137 sources is to be commenced shortly.

Inorganic exchangers like tungsten oxide and
tantalum oxide are being investigated for thedevelopinent
of generator systems like " M Q - ^ M T C , M 0B» - 140L»
a n d ^ r - ^ Y . Preliminary work has been initiated for
developing a method for the separation of stable
palladium and rhodium from fission produa solutions
using precipitation and ion exchange techniques. The
installation of Sewage Hygienization Research Irradiator
(SHRI) facility atBaroda has been completed. RAD work
for arriving at optimum condition for sewage hygieni-
sation in digested and raw form has been taken up.
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./ Reactor Engineering

The main thrust of R&D programme in reactor
engineering continued to be towards generation of design
information and design details for the Pressurised Heavy
Water Reactors (PHWRs) fuel handling system of 500
MWe Prototype Fast Breeder Reactor, technology
deve-lopment for performance improvements, repairs
and maintenance activities of operating reactors, and
studies for developing a thorium based heavy water reactor.

As a part of the programme for qualification and
development testing, a number of equipment and
components were tested under simulated high pressure
high temperature conditions similar to power reactors.
Among them are two fuelling machines for KAPP, various
hardware components used in the primary heat transport
system, special solenoid valves, and resistance temperature
detectors. To cater to the enhanced requirements of
qualification of fuelling machines, for future reactors, one
of the test facilities has Been renovated.

Taking advantage of the development work
carried out for secondary shutdown system for NAPP,
modifi-cations have been planned for incorporation in
later units with a view to simplify the system. These were
qualified in a full scale mock up facility. Evaluation of level
transmitters of various types was carried out to identify
more reliable instruments for field use.

A high temperature facility has been set up to
take up corrosion studies on zircaloys. Experimental
studies have been started to optimise water chemistry
conditions. Somedescalingstudies have also been carried
out. An on-line data logging system for MAPS fuel
handling system has been developed. This is now being
installed at MAPS. For safety improvement, engineering
scale experimental studies are planned for evolving
hydrogen mitigation systems for use in power reactors.

Testing and evaluation of electrical components/
insulating materials used for nuclear power reactors were
continued. A resin cast cable penetration assembly was
tested for simulated, accelerated thermal ageing and
gamma dose upto 100 M rads. Electrical insulating
material, cross-link polyethylene (XLPE) used for fire
resistant low smoke (FRLS) cable in containment build-
ing, was also evaluated and tested at simulated accelerated
gamma radiation for its life time dose including LOCA.

Design and development work for i neutron
proportional counter has been completed. Fabrication
work is in an advanced stage. Installation of
instrumentation and control for 2MW inpile loop in
Dhruva complex is under progress.

Design and development activities relating to 235
MWe/500 MWe PHWR coolant channels were continued.
To improve assurance of safety of ziicaloy-2 pressure
tubes, a comprehensive study was done and a number of
recommendations covering modifications in operating
practices, in-service inspection and augmentation of
leakage detection capabilities were made. Optimum
locations of four garter spring spacers of KAPP-2 type
coolant channels have beenworked out. Anarytkalstudies
for evaluation of design of tight fit garter springs of
Zr-2.5%Nb -0.5%Cu were completed. Prediction of
creep limited life for all coolant channels of MAPS-2 was
made accounting for actual positions of garter spring
spacers. Development of procedure and tooling for
assembly of zero clearance type of rolled joints for 235
MWe PHWRs to be used in KAPP-2 coolant channels was
completed. Shop assembly of all rolled joints for KAPP-1
liquid shut off rods was completed.

The programmes for repair technology
development were further pursued. A Coolant Channel
Replacement Machine (CCRM) is beingdeveloped under
this programme. This is a remotely operable
semi-automatic machine capable of carrying out a large
scale replacement of PHWR coolant channels. Design
scheme for alignment system using image processing
technique was finalised. Self elevating work table,
transmission system and shielding curtains, etc. were
designed. Development of an electromagnetic garter
spring repositioning device is being continued.

Design and development work relating to
permanent rehabilitation of MAPS reactors was carried
out. Theoretical and experimental studies were done to
estimate wear life of dump ports under possible fretting
and rubbing contact with the debris trapped into the ports.
Various designs of flow diverters of sparger channels were
tested on mock up facility. The vibration acceptability of
the sparger was established using a full scale model.
Procedures, tools, fixtures were developed and qualified
for sparger installation and sparger rolled joints
by carrying out trials on full scale calandria mock up
facility.
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For the test section of2MW in pile loop of Dhruva
Reactor development of dissimilar metal weld joints was
done. The materials involved are stainless steel grade 321
and 403. To estimate temperature distribution across
thermal barrier tube, an experimental set up was installed.
Work for the establishment of pressure and temperature
cycling facility and burst test facility was continued.

The vibration laboratory continued to provide
diagnostic help in fixing and solving the various
problems during commissioning of power reactors. An
extensive model analysis of the shut off rod guide tube for
NAPP-1 was carried out. A potential area for the vibration
signatures is the on-line diagnostics of structures and
machinery. Preliminary studies for identifying the most
sensitive discriminating parameter are under way for observed
and known deviations in nuclear power plants.

RAPS-I is at present operating at 50% power.
Thermal and stress analysis of its end shield has been
carried out with the aim of increasing reactor power
further in steps. Studies have been initiated for improving
the fuel discharge burn up in operating and future
reactors. Interim report for operating reactors has been
issued. Modifications of the code PECITIS-II is in progress,
using diffusion model for fission gas release.

The work for 500 MWe PHWR gathered further
momentum. New facilities have been commissioned for
evaluating and optimizing the design of various
components and subsystems of fuel handling system and
spent fuel transfer system. Extensive testing has been
carried out to generate pressure drop data on coolant
channel assembly components. Endurance testing was
carried out on a prototype shuttle. Modifications in the
shuttledesign are in hand. Work is in progress to set up the
test facility for evaluating the various concepts of the new
fuelling machine. Besides providing the necessary design
engineering effort, Reactor Engineering Division is
also participating with NPCIL in the procurement of
pressuriser.

Seismic analysis and design of the primary heat
transport piping is being revised to minimise the number
of snubbers. Refinements have been carried out in the
seismic analysis of the reactor building by taking into
account the possibility of lateral torsional coupling due to
non-coincidence of shear centre and mass centre. A
computer program has been developed for seismic analysis
of piping subject to multisupport excitation.

Earlier design data for the secondary shut down
system proposed for the 500 MWe PHWR had been
generated in terms of discharge rate growth of jets and
spreadangleforvarioussizesofholesandslits. This system
envisages quick injection of the poison in the moderator
system. A computer code has been developed for
calculation of reactivity by taking into account the
interaction effects between the poison jets. The design of
thesystemhasbeenoptimised. Afullscalemockupis being
set up for qualification of the design.

After finalising the conceptual design of fuel
handling system of PFBR, detailed design of various
components of inclined fuel translift mechanism is being
carried out.

The design of a shipping cask for transporting
irradiated antimony oxide capsules was completed. The
design has been approved by AERB. Technical
specifications for manufacture have been prepared. The
design of a shipping cask drop test facility for Board of
Radiation and Isotope Technology (BRIT) is in progress.
Studies have also been started for qualification of an
existing cask of NPCIL. Induced activity and thermal
loads of the cask have been checked.

Studies have been started for evaluation and
optimisation of a thorium based heavy water reactor tosuit
the nuclear powerprogramme. Preliminary physicsdesign
has been carried out. Optimisation work incorporating
the interaction of physics, thermal hydraulics, fuel design
and secondary system has been taken up, with the aim of
generating broad engineering outlines for the advanced
heavy water reactor concept.

5.2 Reactor Analysis

Safety studies and R&D jobs for the 500 MWe
PHWR were continued. Considerable effort was also put
in with regard to the jobs related to the rehabilitation of
MAPS reactors.

Safety studies related to NAPP reactor were carried
out. One of the abnormal conditions considered for safety
analysis is Station Blackout which involves failure of both
normal and emergency AC power. Under this condition
core heat removal is effected by the thermosyphon mecha-
nism, with the steam generator acting as the heat sink. For
this purpose it is necessary to augment the secondary
coolant inventory in the steam generator using the fire-
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fighting water pumps. This calls for the depressurisation of
the secondary side of the steam generator. Further to the
analysis carried out earlier, analysis was carried out for
the following cases: (1) Steam generator depressurisation
initiated using two small Atmospheric Steam Discharge
Valves (ASDVs) 30 minutes after the beginning of station
blackout, with and without considering the effect of
steam generator blowdown, and (2) Steam generator
depressurisation initiated using one small ASDV 30
minutes after the beginning of station blackout, without
steam generator blowdown.

The thermosyphon tests conducted in NAPP-1
reactor were simulated using Computer Codes TINFLO-
IHandRELAP4/MOD6. The codes predict correctly the
general trends observed during the transients. The
predicted steady state flow rate and steam generator
delta-T are within ± 30% of the test data. Blowdown
analysis have been carried out foradoubleended guillotine
rupture of pump discharge line.

During blowdown experiments rapidly changing
transient two-phase flow is to be measured. For this
purpose a Drag Disc flowmeter is being developed.
Calibration experiments on drag disc flowmeter have
been completed, under single-phase flow conditions, with
discs of various sizes ranging from 23 mm to 78 mm.
Empirical correlations are being developed between the
output voltage and momentum flux. Calibration
experiments are also being performed under two-phase
flow conditions. Software was developed for the Fast Data
Acquisition System to enable data acquisition with reliable
time-tagging.

Standard problem exercises involve blind
predictions for experiments carried out for various
abnormal/accident conditions in test loops simulating
reactor systems. Participation in such exercises enables
validation of safety analysis codes for various transients.
In this regard analysis was carried out for the Standard
Problem Exercise-3 sponsored by the IAEA. The test
involved simulation of a rupture on the top of the steam
generator collector of a WERtype reactor. Work on the
analysis for International Standard Problem-27, involving
a multiple failure transient in a FRAMATOME PWR,
for which the experiment has been carried out in the
BETHSY facility in France has been initiated.

Computer code ATHLET, received fromGRSof
Germany, for the analysis of transient/accident conditions
in nuclear reactors has now been commissioned on ND

Systems. Two sample problems provided along with the
code were solved successfully.

Experimental and analytical studies have been
initiated to study the fuel and coolant channel
behaviour duringa postulated severe accident involving
LOCA followed by Loss of Emergency Coolant Injection
(LOECI). Two modes of pressure tube deformation,
viz., pressure tube sagging and ballooning have been
considered. Temperature transients in the hottest channel
have been estimated analytically for the scenarios
considered. Experimental studies are being planned to
study the behaviour ofaPHWR coolant channel under a
totally voided condition. Preliminary design of the
experimental set up has been done.

A computer code CONTRAN has been developed
for the prediction of pressure and temperature transients
in the PHWR containment, with suppression pool,
following a LOCA. Further modifications of the code to
obtain better prediction of the experimental data generated
in the one-tenth scale model of the containment are in
progress. Studies on hydrogen and aerosol behaviour in
the containment have been initiated.

Facility for integral system behaviour experiments
(FISBE) is being set up to study the PHWR system
behaviour under abnormal/accident conditions and to
generate data for the validation of computer codes for
safety analysis. Conceptual design and preliminary
layout of the facility has been completed. The
architectural and structural design of the annexe to HaIl-7
to house this facility is in progress. Detailed design of
the facility and procurement action for long delivery
items are also in progress.

Evaluation of the earthquake design basis of the
sites for TAPP 3 and 4 and RAPP 5-8, including the
design basis peak ground acceleration and design response
spectra, has been done. Seismic risk analysis was carried
out. Scaling law for Fourier Amplitude Spectra (FAS) of
earthquake ground motion and a program for the
generation of time history compatible with response
spectra and FAS have been developed. Preliminary
seismotectonic evaluation was done for the newly
proposed sites in Andhra Pradeshand Kerala. Anumberof
safety reports and reports on design basis, and dynamic
analysis were reviewed for various safety committees.

A computer code is being developed for System
Dynamic Analysis of standardised 235 MWe PHWR. The
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followingsubsvstem models have been developed: primary
heat transport (PHT) system flow and pressure
distribution model, core heat transfer model with
neutronics and reactor regulating system model, feed/
bleed system with PHT system pressure control model,
bleed condenser model, and steam generator model. The
turbine model, generator model and a simplified grid model
are under development. All these subsystem models will be
integrated together to form a system code for dynamic
analysis of 235 MWe PHWR. This code can be used
to study the operating transients arising out of
malfunctioning of any component, maloperation or any
disturbances in the electrical grid. Development of a
similar code for the dynamic analysis of 500 M We PHWR
power plant is also in progress. For this code, the PHT
flow and pressure distribution model, and pressuriser
model have already been developed. Modelling work for
other subsystems has been initiated.

In addition to the development of PSA models for
235 and 500 MWe PHWRs, work related to the PFBR has
also been initiated. Emphasis is also being given to the
application of PSA to the operating plants. Reliability
analysis of Dhruva protective system was carried out based
on the operating experience with process instrumentation
and shutdown devices. A trip coverage analysis of various
initiating events applicable to Dhruva was also carried out.

A symptom based diagnostic system for the
Initiating Event (IE) involving different types of LOCA
was developed and demonstrated at MAPS. Additional
features such as incorporating other IEs, multitasking
etc. are being incorporated. A program for'Living PSA'is
also under development. All Fault Trees of NAPP Systems
have been programmed. Effect of change in the status of
any component on the reliability of the associated system
can be assessed and displayed on the screen. The change
in core damage frequency is also computed and displayed.
It is planned to use this software towards PSA based
system inspection plans.

Detailed testing including accelerated thermal and
radiation ageing has been carried out for indigenously
manufactured solenoid valves. The study revealed various
weak links such as lead terminations, seat material, coil
insulation, etc. Reduction in operating voltage was found
to result in a significant enhancement in the operating life.
Ageing tests have also been carried out for other process
instruments such as pressure transmitters, regulating valves,
RTDs,etc Basedontestscarriedout,designmodifications
have been suggested in various radiation monitors which

are being considered for Technology Transfer.
Scintillation surveymeter and atmospheric km analyser
have also been tested for their worthiness in the
Antarctic environment

Work on the development of a Safely Parameter
Display System (SPDS) is in progress. This is a real time
operator aid for safety monitoring in nuclear power
stations. Functional requirements were worked out and
system design was done. Details of input signals required
have been drawn up, and requirements for hardware and
software have been worked out Macrologic for critical
safety functions which protect the multiple physical
barriers in the reactor, has been developed.

Work was done on the development of guidelines
for qualificationand assessment ofsafety critical software.
The software for two safety related systems, viz., Auto-
matic Liquid Poison Addition System (ALPAS) and Pri-
mary Shutdown System Failure Sensing Unit (PSSFSU) in
Narora Atomic Power Station, was qualified. Work was
also done on the review of software of Programmable
Digital Comparator System (PDCS) of KAPP, jointly
with Reactor Control Division. Recommendations have
been made for the improvement of PDCS software design.

In studies related to 500 MWe PHWRs, a high flow
low pressure test facility for carrying out studies on
moderator flow field inside the calandria has been
fabricated and erected. Experiments on inlet diffusers
are to start shortly.

Based on experiments conducted over a range of
parameters, a correlation was developed for the friction
factor in 37 rod fuel bundles. Experiments were carried
out to study the effect of diametral creep of fuel channel
on pressure drop. It was observed that the pressure drop
reduces by 20% and 32% for 1.5% and 3% diametral
creep respectively. Based on these data, subchannel
analysis was carried out for the creep affected fuel channel.

The experimental data generated at high
temperature for the fuel locator pressure drop were
analysed and correlations were obtained for the loss
coefficients for the fuel locator at inlet/outlet end
fitting. The effect of longitudinal creepof channel on the
fuel locator pressure drop was also studied.

As part of the work related to the interim rehabili-
tation of MAPS reactors, experiments were conducted on
a scale model of calandria to determine the flow field inside
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thecalandria, for different flow rates. Possibility of wave
formation at thefreesurfacewas also studied. With regard
to the permanent rehabilitation programme, experiments
were conducted on a prototype sparger through which
heavy water is proposed to be introduced into the
calandria. Whirlers were developed for installation at
the two ends of the sparger to achieve the desired flow
distribution. Maximum flow that can be achieved through
the moderator circuit with the proposed modifications
was estimated.

As part of the Co-ordinated Research Project (CRP)
sponsored by the IAEA for generating a database for the
thermo-physical properties of reactor materials, coolants
and moderators used in water cooled reactors, work on
the compilation of physical properties of light water and
heavy water is in progress. Computer programs have
been developed to generate the thermodynamic and
thermophysical properties of light and heavy water.

A computer code for the prediction of two-phase
flow regimes in co-current gas-liquid flow has been
developed based on analytical models available in
literature. This code has been validated with the
published flow regime maps.

A proposal for the adoption of Constant Boiler
Pressure Programme (CBPP), instead of the existing
Variable Boiler Pressure Programme (VBPP) in the 235
MWePHWRs is under consideration. Necessary analysis
for turbine end-stage conditions and steam generator
performance under CBPP were carried out.

Temperature transients were evaluated for the
thermal reactor for the extraction of uranium, based on the
preheat cycle data using a FEM based generalised heat
conduction code. Temperature transients were evaluated
for the preheating phase of the leak tight containment for
the spent fuel handling system of the 500 MWe PFBR.
Transient thermal analysis has been carried out to predict
the temperature distribution and melting of lead for
various spent fuel transfer casks and transportation
crates for the Gamma chambers (of BRIT) subjected to
Gre-test as specified by AERB.

5.3 Experimental Reactor Physics

Detailed analysis of axial flux measurements
made during commissioning of Narora-I in different
configurations of reactivity devices was completed. The
measurements, made in an empty channel, were done for

the first time in Indian power reactors and provide a
reference for assessing code computations. Based on
experience during the physics-related measurements in
Narora-I during its commissioning, proposals have been
mads regarding measures to be taken during
commissioning of Narora-IL Software has been developed
for on-line monitoring by computer.

Measurements in Narora-I for additional data
required by Nuclear Power Corporation have been
considered and discussed for preparation and scheduling.
Studies are proceeding regarding commissioning stage
measurements in 500 MWe heavy water reactors. For
studying radiation effects in zircaloy, monitors for
measuring neutron fluence were installed in Dhruva
together with zircaloy samples. First set of monitors were
retrieved and measurements were made with them.

Improved data-processing methods were
investigated in Dhruva for use of noise-analysis
techniques for measurements and diagnostics in power
reactors. Proposal for simultaneous flow rate measure-
ments on all pump-lines of 235 MWe heavy water reactor
has been prepared and is under review by Nuclear Power
Corpo-ration. Computations of gamma heating in 500
MWe heavy water reactors have been made and
improvements are being studied. Continuing work was
pursued for evaluation of nuclear data for thorium cycle.
Studies were made in transport theoiy for improvements
and benchmarks related to nuclear reactor computations.

5.4 Reactor Control

The instrumentation and control systems for
Purnima III critical facility, the automated moderator
pump and dump system with level and temperature moni-
toring, control and trip were installed, tested and commis-
sioned. The drive mechanisms for safe ty-cum-control rods
and fine control rods were renovated.

Two Channel Temperature Monitoring (CTM)
systems using 8086 processors have been commissioned
atNAPP-2. The systems worked satisfactorily during hot
conditioning in December 1990. A microprocessor based
Programmable Digital Comparator (PDC) system has
been installed and commissioned at KAPP-1. The system
handles 360 field signals and thus replaces equal number
of conventional indicating alarm meters. The expertise
obtained through PDC will be fully exploited for the
development of fully computerised protection system in
future.
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A system to record reactor disturbances for 64
parameters every 200 m sec has been developed and tested.
It replaces strip chart recorders recording 64 parameters
everyone second for 5 days. Six units are being assembled
for installation at NAPP, MAPP and KAPP reactors.

The Ram Test Facility (RTF) at Engg Hall-7 is
being upgraded to facilitate testing Ram assemblies of 500
MWePHWR. The facility will use Programmable Logic
Controller (PLC) to permit ease of programmabiltty.

The computerised control system for fuel handling
system of NAPP-1 reactor has been installed and commis-
sioned for full auto mode operations. For future 235
MWe PHWRs, a new control system using an indigenous
computer is being developed. Automated software test
system is being developed for validation of software issues.

A scaled model of liquid zone control system of 500
MWe PHWR has been commissioned with one liquid
zone control unit of three zonal control compartments,
associated equipment such as pump, compressor, control
valves, process instrumentation and control console. This
facility will be used for conducting various tests to validate
the design.

The design and development of state-of-art drive
mechanisms for shut-off rods and control rods of 500
MWe PHWR has been taken up. The design of perfora-
tions in the guide tube for shut-off rod as well as control
rod has been optimised on the basis of simulated drop
testing. The first prototype drive mechanism has been
utilised for these tests. The second prototype drive
mechanism incorporating design changes for higher
reliability and to reduce maintenance requirements has
been designed and fabricated.

The shut-off rod drive mechanism for 235 MWe
PHWRs utilises an electromagnetic clutch to release shut
off rod on scram. In order to improve the performance
of the clutch over the imported Warner clutch, an
indigenousclutch to give higher torquerating for thesame
mounting dimensions has been designed and satisfactorily
tested. The imported clutches will be replaced by the
indigenous ones in a phased manner in NAPP-1&2. A
large number of precision potted reed switch assemblies
for installation in shut off rod drive mechanisms of
KAPP - 1 & 2 and test console for out-of-pile testing and
qualification of mechanisms at KAPP - 1 have been fabri-
cated and supplied to NPG

A prototype device consistingof an inspection head
and a drive mechanism has been designed, fabricated and
tested for measuring theannular gap between the pressure
tube and the calandria tube in 235 MWe PHWRs. It uses
an eddy current probe for the gap measurement/The eddy
current signal is corrected for the pressure tube wall thick-
ness variation measuredthroughan ultrasonicsensor. The
drive mechanism mounted on the end fitting enables
positioningof the inspection head inside the pressure tube.
The device can be used for the gauging of a dry channel
after isolation from PHT and draining. Efforts for
the phase wise development of inspection equipments
and drive mechanisms, etc. for gauging active
coolant channels without isolation and draining are in
progress.

5.5 Reactor Operations, Services and Maintenance

The 100 MWt research reactor Dhruva continued
to operate at its rated power level and was well utilised for
production of radio-isotopes and research- in basic and
applied sciences. Dhruva was declared a National Facility
for neutron beam research under DAE-Inter-University
Consortium. Work on installation of guide tubes was in
progress for transporting cold neutron beams to the
laboratory adjacent to the reactor building for pursuing
material science research in low gamma and neutron
background. A notable achievement was of the com-
mencement of handlingof isotope tray rod assemblies with
reactor in operation. On-power handling of the tray rods
has become a regular feature now. Irradiation of zircaloy
samples of seam welded and seamless calandria tubes
manufactured by Nuclear Fuel Complex, Hyderabad, for
use in Indian Pressurised Heavy Water Reactors was
commenced at Dhruva for assessment of irradiation
induced growth under fast neutron fluence. Considerable
improvement in failed fuel detection and location system
performance was achieved through several modifications
in the system design and operating procedures. Work on
installation of the in-pile engineering test loop of 2 MW
thermal capacity is in an advanced stage. Suitable modifi-
cations were carried out in the fuelling machine towards
controlling drift of its carriage and trolley. Developmen-
tal work was also undertaken for improving the reliability
ofthesnubber system of the head gear assembly of shut off
rods.

In July, 1990, a significant landmark was achieved
when the 40 MWt research reactor Cirus completed three
decades of successful operation.
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Both Cirus and Apsara reactors continued to
operate in a safe and efficient manner and provided
facilities for neutron research, neutron radiography,
testing of nuclear detectors, isotope production,
activation analysis, irradiation of several materials, e.g.
gem-grade diamond, impact test specimens of structural
steel, etc. and training of scientists, engineers and technical
staff. Monitoring of various equipment and components
of Cirus reactor has been initiated for assessing effects of
ageing and refurbishing requirements towards extending
the useful life of the reactor. A laboratory for condition
monitoring of various plant equipment is also beingset up.
Inspection of concrete structure and support pillars of the
caisson and jetty located intheseahasbeencompletedand
necessary repairs are being carried out.

About 36,500 samples of light water, heavy water,
helium, ion-exchange resins, etc. from Apsara, Cirus and
Dhruva reactors were analysed for chemistry control of
process systems. Over 2,100 samples were evaluated for

reactivity effect, heat production and radiation shielding
requirements and were irradiated for radioisotope
production.

Assistance was provided to Nuclear Power Corpo-
ration in the analysis of raw water samples received from
project sites and in the evaluation of hot conditioning of
primary heat transport system of the second unit of
Narora Atomic Power Station. Trained man-power
assistance was also provided for the commissioning of
this unit. Studies were carried out on various chemical
aspects of gadolinium nitrate solution in order to assess
its suitability for use as anuclear poison in the moderator
system of pressurised heavy water reactors.

Detailed studies were undertaken towards
freezing the conceptual design of a high flux
multipurpose swimming pool type research reactor using
low enriched uranium fuel. Detailed engineering of
associated systems has also been initiated.
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FUEL CYCLE

6.1 Ore Dressing

Studies were continued on the feasibility of
preconcentrating uranium values in copper plant tailings
ofSinghbhum area by the application of wet high intensity
magnetic separation (WHIMS) before chemical leaching.
Analysis of the WHIMS products showed that verj fine
uraninite particles (< 5 pun) are not recovered in WHIMS.
Further studies showed that a part of these values can be
recovered in the overflow of small diameter hydrocyclones
(SOmmdia.). Evaluation of the cost of recovering uranium
from Mosaboni tailings by introducing a WHIMS precon-
centration step has shown a significant cost reduction
compared to the process using direct acid leaching of the
entire mass of tailings. Though there is an overall loss of
about 8% of uranium, the problem of tailing disposal,
effluent treatment and impounding in a tailings pond are
minimized in the WHIMS route.

Beneficiation studies on sandstone type samples
from Domiasiat in Meghalaya are in progress. The
samples contain high density pitchy coal which assay
abnormally high uranium. A preferential distribution of
uranium values in finer sizes of ground ore has been
noticed. Classification followed by flotation of uraninite,
uranium bearing coal, pyrite and clay fromthecoarsersize
fraction has shown a potential for significant reduction in
the mass to be subjected for acid leaching.

Detailed beneficiation studies were carried out at
the request of Mineral Exploration Corporation Limited
on beneficiation of a wolframite-graphite ore from
Burugubanda, Andhra Pradesh. Development of a process
flow-sheet to recover both the valuable minerals
wolframite and graphite is nearing completion. The proc-
ess involves preconcentration by gravity techniques
followed by final upgradation using high tension and mag-
netic separation to recover wolframite while multi-stage
flotation yields graphite concentrate.

Exhaustive studies have been carried out at the
request of Indian Rare Earths Limited on beach and placer
deposits of three places namely, Kudiraimozhi (Tamil
Nadu), Ratnagiri (Maharashtra) and Bhimunipatnam
(Andhra Pradesh). The Kudiraimozhi deposit is an inland
deposit with mineral sand occurring in loose soil, while the
other two are beach sand deposits. The major heavy
mineral constituent in all the three deposits is ilmenite,
with minoramountsof other valuable minerals like rutile,

monazite, zircon, garnet and sillimanite. Precon-
centration was achieved by spiralling and further up-
gradation and final purification by a complex circuit
involving magnetic and high tension separations.

Beneficiation studieswerecarriedoutat Merequest
of Orissa Mining Corporation Limited on a high grade
chromite ore from Orissa to produce a concentrate meet-
ing market specifications. The flow-sheet involves washing
the crushed ore with pressurized water, screening at 3mm,
followed by grinding the +3mm material and processing
the mill product in spirals, and desliming the -3mm
material in a hydrocyclone. It was possible to get a
chromiteconcentrateassaying54%Cr203 with Fe/Cr ratio
of more than 3.1 at a recovery of greater than 91%.

Several fundamental studies on various unit opera-
tions of ore dressing were continued. Important among
them are studies on modelling and simulation of differen-
tial comminution and liberation of minerals, selective
flocculation of minerals and flotation of minerals likecas-
siterite and wolframite.

6.2 Uranium Fuel Fabrication

Fabrication of nuicear fuel elements to high
standards of quality and reliability was continued. Devel-
opment and fabrication of special reactor components for
power reactors and superconducting wires were carried
out. Quality surveillance jobs and specialised NDT
services were provided.

Fuel requirements of both the reactors, Cirus and
Dhruva, were met as per required schedule. 171 fuel clus-
ters were delivered to Dhruva and 167 X-rods were sup-
plied to Cirus. Concerted efforts were put in for improving
recovery and productivity to the maximum possible extent
by undertaking systematic studies and investigation on
defects encountered by resorting to mechanisation of some
of the operations. Various important measures taken for
improving yield and productivity in fuel fabri-cation are: 3
mould casting of uranium, re-designing of roll sets to
reduce number of rolling passes, casting of larger dia. billet
soastoget7pinsperbillet, single step beta-heat treatment
of uranium rods, extrusion route instead of rolling route,
annealing of finned tubes after hydrostatic pressure
testing, heating of Urods just prior to canning, dispensing
with pickling operation, design and fabrication of end
rounding fixture and SPM for removal of excess weld
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bead and slitting of bulges, etc. These measures have
resulted in improving the yield to the tune of 25 to 30%.

6.3 Quality Assurance

Rigorous in-process quality control checks and
final inspection was carried out for all fuel elements and
components made and supplied to Cirus and Dhruva and
all the special reactor components supplied to power
reactors. Quality surveillance was carried out regularly
onPHWR and BWR fuels, and on zircaloy components
fabricated by NFC and various components being
procured by PRP and KARP from outside parties.

6.4 Plutonium and 233U Fuel Fabrication

(U Pu)N is a strong candidate fuel in place of mixed
monocarbide for operating FBTR, and the forthcoming
PFBR, because of its high density, excellent thermophysi-
cal properties, relative inertness compared to carbide and
easy dissolution in HNO3 facilitating reprocessing.
Considerable progress has' been made towards the
development of this fuel. A flow sheet was developed for
the fabrication of high purity (Uo 45 Pu0 55) N and (Uo g
PUQ 2)N pellets in batches of 1 kg via "Powder - Pellet"
route starting with UO2 and PuO2 powders by
carbothermic reduction followed by crushing, milling,
cold pelletisation and sintering. A flow sheet was also
developed for the fabrication of high purity UN and (U
Pu)N pellets on 150 g scale via sol-gel microsphere
pelletisation (SGMP) route using microspheres prepared
by both internal and external gelation routes.

The fuel core of the forthcoming neutron
radiography reactor Kamini atlGCAR, consisting of 9 Al
-U233platefuelsub-assemblies were fabricated for physics
experiments at Purnima III. In addition, 3A1-Pu plate fuel
sub-assemblies were also fabricated and handed over for
testing at Purnima III.

A continuous motion X-ray radiography set up was
designedand used for the inspection of Kamini fuel plates.
This technique allows movement of the fuel plate together
with the X-ray film at a constant speed across a narrow slit
through which a nearly parallel X-ray beam passes.

Thermal conductivity upto 1873 Kand hot hardness
upto 1473 K was determined for the mixed nitride fuels
having compositions (U0.45 P"o.s5)N and (U0 8Pu0 2)N
corresponding to FBTR and PFBR fuels respectively. Out
of pile chemical compatibility between (Uo 45 Pu0 55)N

and SS 316 was established upto 973 K for 1000 hours.

The fuel temperature history and fuel micro-
structure evolution in the highest rated fuel pins of an
irradiated PHWR fuel bundle was generated using fuel

' modelling code. The actual irradiation power history of
the fuel bundle and the design data of the fuel pins were
used as inputs in the code. The sensitivity of the fuel
temperature to the changes in fuel density was also evalu-
ated.

Quantitative fractography was carried out on
several impact tested specimens of stainless steel AISI 403
to study the correlation between the fracture surface
characteristics and the energy absorbed by the specimen
during fracture in the ductile brittle transition region. A
linear correlation was obtained between the average frac-
ture surface roughness and the energy absorbed in fracture.

The advanced Fuel Fabrication Facility set up at
Tarapur for the production of mixed oxide (MOX) fuels
has commenced initial operations with Nat. UO2 prior to
the introduction of Pu in the manufacturing line of glove
boxes. The AERB has given clearance for continued
operations based on the earlier provisional clearance. The
production of sintered Nat. UO2 pellets for PHWRs is
underway in the glove box line. The machine for the
resistance welding of end caps of zircaloy tubes for the
manufacture of PHWR fuel pins is undergoing
qualification trials. The glove boxes set up for performing
fuel chemistry quality analysis have become operational.
One of these houses a direct reading spectrometer which
has two components, an inductively coupled plasma unit
and an emission spectroscopy unit for the determination of
metallic and rare earth impurities in the fuel. Studies are
in progress for the determination of uranyl nitrate using
microwave energy as a part of the process development
work for the recovery of scrap generated during fuel
fabrication, which has to be processed by wet methods.
The active metallography kiln has become operational. A
laser based non-contact gauging system for fuel pellet
geometry control is being set up.

6.5 Post Irradiation Examination

Examination of several high burnup Dhruva fuel
assemblies were carried out in the hot cells facility. An
assembly of fuel pins made by extrusion process was also
examined and found to have preformed satisfactorily.
Pieces of MAPS #2 calandria tube were examined using
visual metallographic and electron microscopic tech-
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niques to determine the nature and cause of defect in the
tube.

Under an IAEA co-ordinated research programme
impact specimens of pressure vessel steel irradiated at
Cirus upto a fluence of 1 x 1019 n/cm2 (E > 1 MeV) were
tested. Impact tests were also carried out on samples of
Tiscon - 50 ?teei reinforcement bar after irradiation in
Cirus reactor, to check the suitability of the materials for
use in RCC structures surrounding nuclear reactor.

Materials and components received from reactor
sites and various DAE units were evaluated using optical
and electron microscopic techniques.

6.6 Fuel Reprocessing

In the Fuel Reprocessing Plant at Trombay an
additional plutonium purification cycle was introduced to
achieve improved product purity. This involved introduc-
tion of additional extraction columns and otherequipment
and laying the associated piping inside the process cells.
After the modifications, the plant has resumed its normal
operations of processing the spent fuel from Cirus reactor.

The Power Reactor Fuel Reprocessing Plant
(PREFRE) at Tarapur successfully completed a campaign
undertaken to polish the off-grade uranyl nitrate solution
accumulated from the previous campaigns. A uranium
product of prescribed purity was achieved as a result of this.
As a prelude to starting the next reprocessing campaign
with spent fuel, the maintenance of some vital in-cell
equipment has started.

Civil construction work on the Kalpakkam Fuel
Reprocessing Plant Project is nearing completion.
Erection of process vessels and equipment in two of the
six cells has been completed and work in other cells is in
progress. Process piping work is also proceeding as per
schedule. Installation of various services and utility sys-
tems is in different stages of completion. Four large carbon
steel tanks of 250,000 capacity each for storing inter-
mediate level alkaline liquid waste have been transported
to project site and the positioning of thesame in the under-
ground reinforced concrete vault has been carried out.

The engineering design of the facility for U233
separation from irradiated thorium fuel is progressing
steadily. The erstwhile rad waste evaporation plant cells
of the Fuel Reprocessing Plant, Trombay, where the new
facility will be installed, have been completely decommis-

sioned and thoroughly decontaminated.

A new type ofelectroryser set-up wasdeveloped in
which 100% reduction of uranyl nitrate to uranous nttrate
is possible in contrast to the 50-60% reduction achieved in
a conventional electrolytic cell used hitherto. This will
greatly help in reducing the amount of uranous nitrate
solution used as a stripping reagent in the plutonium
purification cycle of the process thereby improving the
product concentration as well as substantially reducing the
amount of uranium recycled which cuts into the plant
throughput. After the successful demonstration of the
prototype, a production unit is under fabrication whkti will
be used during the next reprocessing campaign.

The indigenously developed CALMIX mixer-
settlers are now being tried for a variety of solvent
extraction applications. The ten stage CALMIX-20 unit
has given excellent results in the Thorex separation system
with very good scrubbingandstripping performances and
a uranium recovery of better than 99%. Studies on the
spent solvent clean-up with CALM1X-90 mixer-settler
have also given very encouraging results.

6.7 Radioactive Waste Management

The radioactive waste management facilities at
Trombay, Tarapurand Rajasthanfunctionedsatisfactorily
throughout theyear, treatingand conditioning the lowand
intermediate level radioactive wastes from the nuclear
installations at these sites. The liquid effluents, after
chemical treatment, were discharged into aquatic envi-
ronment with activity levels far below the limits prescribed
by the Regulatory Authority. The solar evaporation
facility at Rajasthan site was operated continuously with
theaim ofachieving 'zero release' to the environment. The
waste concentrates, namely the chemical sludges, solar
evapo-ration pan sludges, etc., were immobilized in cement
matrix before disposing them into RCC trenches, tile holes
etc. in the solid Waste Management Facility at each site.
These facilities are being regularly monitored through the
borewells around them and no migration of radioactivity
into the surrounding soil has been observed. This bears
testimony to the integrity of the engineered containment.

At the Narora Atomic Power Project site, the first
phase of the waste management facilities was commis-
sioned during this period. Active laundry, chemical
treatment plant, decontamination centre, liquid effluent
monitoring and discharge, and solid waste storage facili-
ties are some of the systems that have become operational.
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Other systems such as ion-exchange, evaporation and
solidification are being commissioned.

Waste Immobilisation Plant (WlP)at Tarapur was
successfully operated for the vitrification of the high level
wastes from the PREFRE located at that site. The wastes
were suitably diluted in the preliminary runs. Several
batches of the vitrified product were collected in SS
canisters and the canisters, each containing several
hundreds of curies offission product activity, and were
remotely welded. The bituminisation plant was also
operated to 'fix' the secondary wastes generated in the
vitrification process. Vitrification operations with wastes
at higher specific activity will be soon followed.

Civil construction work of the process building in
the Waste Immobilisation Plant at Trombay is nearing
completion. Construction of the 100 metre high RCC
stack is in an advanced stage. Design ofthe process systems
is in progress. Major utilities' equipments have been
procured/ordered.

Efforts are on for the standardisation of Waste
Management Facilities for the future nuclear power
stations. Work on detailed process design for a Central-
ised Waste Management Facility, one each for RAPP 3-8
and Kaiga 1-6 power stations, has been taken up. Work on
a similar facility for TAPP 3-4 is already in progress with
the engineering flow sheets, instrumentation and control
logic for most of the systems having been released for
execution. Architectural and equipment layouts are being
worked out.

Augmentation ofthe waste management facilities is
in progress as a part of the Away From Reactor (AFR)
spent fuel storage facility at Tarapur. Civil and process
design works have been completed. Installation of
service systems is also nearing completion. Procurement
of process equipment has commenced.

The first phase of experiments connected with the
thermo-mechanical studies at the 1000 in deep under-
ground chamberinKGF mines was successfully completed.
Data collected on the behaviour of host rock under the
radionuclidedecay heat, simulated by electrical heaters in

these experiments, are being processed now. Work is in
progress to start another series of experiments with
multiple beaten in an adjoining chamber.

In connection with the studies pertaining to
repository site selection, a collaborative programme with
other expert agencies in thecountry has been chalked out
Action has been initiated for the mapping of graniticareas
of central and western India and for the characterisation
andevaluation of host rocks in these areas for the intended
purpose.

The long term concern with regard to high level
wastes is mainly on account of the presence of very long
lived actinides in them. Because of this consideration,
studies have been taken up on actinide partitioning from
the fission product waste concentrates with emphasis on
solvent extraction route. Some organo-phosphorus
compounds and amides are being tried as solvent can-
didates. Preliminary work with Am3+-TBP/Dodecanc
under a variety of conditions is in progress and has givenen-
couraging results.

As an alternative to the vitreous matrices, studies
were continued on SYNROC, a polycrystalline material
having excellent capacity to retain the active waste without
leaching, over very long periods.

Pot induction melting process is the one being
followed at present for vitrification of high level wastes in
the Waste Immobilisation Plant at Tarapur. An alter-
native process for the vitrification of these wastes using
joule heated ceramic melteris also being studied because
of its amenability for continuous operation as well as for its
several other advantages. The feasibility of the process
was established in an engineering scale facility. Other
aspects like the feeding system, p oduct withdrawal, choice
of the refractory material that can withstand repeated
thermal cycles and corrosion by the molten glass are being
studied now.

Services pertaining to the production and testing of
iodine and special filters for the power stations and other
DAE units as well as NBC filters for the defence needs were
continued.
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RADIOLOGICAL SAFETY
AND PROTECTION

7.1 Health Physics

Environmental surveillance and monitoring around
the research centre wss continued. About 125 samples
comprising of sea water, shore sediments, marine organ-
isms, solar salt and fresh water samples were collected and
analysed for long live fission products like (Sr-90, Cs-137)
and Pu and Am-241 activity. Rain water samples were
collected and monitored for gross radioactivity. Tritium
in air samples was collected from different locations
around Trombay and analysed for H-3 regularly. Effluent
samples received from various units of the centre have been
regularly monitored for gross radioactivity, Ra, Thand U
radionuclides. Fluoride in the effluent and sea water is
also monitored. Apart from environmental samples,
various items like food materials, building construction
materials, chemical and consumer products have been
examined for radioactivity by gamma spectrometry using
bulk counter. Internal exposure due to radon emission
from building material and also K-40, Bi-214, Tl-206 and
Ac-228 in the air is evaluated.

Bottom sediment cores of Bombay harbour bay
were analysed to study the vertical distribution of Pu and
Am and trace elements. Analysis of the sediments of pre-
monsoon and post-monsoon period is made to predict the
deposition and transport of radionuclides. Sorption and
desorption studies of Cs-137 on Bombay harbour bay
sediments were carried at two concentrations of Cs, viz
carrier free concentration and up to 10 mg I"1. The study
shows the presence of various processes with half life
ranging from 30-40 minutes to 90 days, and the Na + plays
an important role in desorption of Cs.

Major and minor element studies on marine sedi-
ments collected during pre-monsoon and post-monsoon
seasons indicated that major elements viz. Si, Al.Fe.Mg
and Na did not show any change in these seasons. Li, Ca,
Cu, Ni and Zn contents decreased in post-monsoon
whereas K, Mn and Cr contents showed an increase in
post-monsoon samples. Speciation of biologically signi-
ficant elements such as Zn, Mn, Co, Fe, etc. in sea water
with humid materialsarestudied and the geochemical asso-
ciation of Am in the Trombay sediment is also studied. Soil
samples from Trombay area before and after Chernobyl
accident were compared for radioactivity for any possible
contribution due to the accident. Pre-operational soil
survey at Kakrapar, Kaiga and Koodankulam is carried
out to establish background levels. Radioactivity

measurements inmarineecosystemsaround Trombay and
Tarapur were continued.

Monitoring work of the Tarapur environment has
been continued to evaluate the effect of radwaste releases
from the power plant andreprocessing plant. Nearly 500
environmental samples have been collected, processed
and analysed for radionuclides. TAPS occupational
workers and temporary manpower engaged for refuelling
and maintenance work were whole body monitored. Afew
members of the public were also whole body monitored.
Bioassaywork for evaluation of internal contamination of
PREFRE workers has been continued. Continuous
recording of meteorological parameters upto a height of 30
m has been carried out Work on reinstallation of
damaged met-detectors on S3F stack has been initiated.
Ground level dose due to stack releases at Tarapur were
computed.

The Environmental Survey Laboratories at the
different PHWR sites in Kota, Kalpakkam and Narora
continued to monitor the environment around nuclear
establishments by conducting detailed measurements on a
large number of samples: air, water, grass, vegetables,
meat, fish, soil etc. Analysis of data has shown that radio-
logical impact of nuclear operations is negligible and far
below standards stipulated by international regulations.
The Health Physics units and Environmental Survey Labo-
ratories participated in emergency drills and exercises
carried out at all the NPP sites. The Health Physics Unit
as well as the Environmental and Radiological Laboratory
at Kakrapar are being set up.

Radiation protection monitoring work for the
uranium ruining and milling workers at Jaduguda has been
carried out. Improvements in radon and daughter product
exposure monitoring have been done. Plans are made to
provide personnel radon and daughter dosimeters to each
of the mine workers at Jaduguda. Internal contamination
of workers is monitored by Rn in breath counting. The
environmental monitoring has been carried out to evalu-
ate the contamination due to tailings pond effluents.

The Health Physics unit at Udyogmandal
provided plant radiation monitoring and occupational
staff exposure monitoring for the IRE plants at Udyog-
mandal, Chavara and Manavalakurichi and Mineral
Plant of M/s. KMML at Quilon. About 600 workers
are provided with personnel dosimeters. Internal
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contamination monitoring was carried out by whole body
counting using shadow shield counter thoxon in breath
analysis. Environmental monitoring is done to detect
any air contaminationorriverandgroundwater contami-
nation. Leachability of radionuclides from the waste
sludges produced in monazite processinghasbeenstudied.

The Health Physics group at NFC continued their
work on plant radiological safety, industrial hygiene
and safety and environmental surveillance. The uranium
plant workers have been monitored forUin the lung using
the new uranium lung counter. Even though no one
exceeded the permissible lung burdens, a few cases have
been detected when the lung burden is nearly 75% of
permissible limit. Regular monitoring has been conducted
on the U content in storm drain and also in well water. A
few bore wells have been dug to check the U movement in
ground water. Stack effluent monitoring as well as ambient
air quality at site boundary are monitored for pollutants.

The Health Physics units attached to the various
nuclear power plants at Kota, Kalpakkam and Tarapur
provided round the clock radiation surveillance and
health physics services. The health physics unit at Narora
provided radiological safety support during the commis-
sioning and early power operation of Unit-I of Narora
Atomic Power Station. A special programme of survey
and measurements was undertaken for verifying adequacy
of shielding and suggesting corrective measures whenev er
needed.

Derived working levels for surface contamination
with radioactive materials were determined for appli-
cation in radiation protection programmes in nuclear
plants and laboratories. A review of dose apportionment
was undertaken for various pathways of exposure at
different nuclear sites for members of the public from
release of radioactive effluents for the purpose of
regulatory control. The necessary database and related
documentation was provided for AERB review of
collective doses at nuclear installations.

Routine operational health physics service and
surveillance were provided at Bombay, Vashi, Tarapur,
Calcutta and Indore for the various activities of DAE.
These include research reactor operations, U, Th
handling and fuel fabrication, radiochemical, radio-
metallurgical, radiopharmaceutical, nuclear medicine
and BRIT operations, fuel reprocessing, advanced
fuel fabrication and waste management and accelerator
facilities in the country.

Protective equipment worth Rs 7.6 lakhs has been
supplied to the various constituent units of DAE.

Health physics coverage for the following special
operations were also provided : i) Removal of high field
strainers and'on-power tray rod' handling at Dbruva and
failed fuel detection and D2O loss measurements atCirus
and Dhruva, ii) Fabrication of U^^/Pu bearing alloys,
iii) -450 cases for thyroid cancer and thyrotoxicosi*
involving (- 2 TBq ( - 54 Ci) of 1-131 and elution of
- 3TBq (- 80 Ci) of Tc-99m, iv) Special maintenance
jobs at Plutonium Plant and modification jobs at
PREFRE, v) Evaluation of contamination profile of hot
cell areas and, vi) Radio-metric inspection of 24 nos. of
lead casks for shielding integrity.

Whole body and lung monitoring of various
radionuclides, like Cs-1371-131, Co-60, U,Th,Pu,Am,
etc. was continued at the whole body counter. Internal
monitoring using urine and fecal analysis was continued.
Particular attention was given to radionuclides Sr-90,
H-3, U, Th and Pu in this programme. There were no cases
of over exposure detected in any routine monitoring.

Under the programme of biokinetics of radio-
nuclides, analysis of food, water, air, human tissues and
excreta samples was continued. Data collection on
anatomical, physiological and metabolic characteristics
of Indians of different age groups was continued, for
generating databases of Indian Reference Man under IAEA/
RCA programme.

Assessment of tritium intakes by workers in watch
dial painting industry due to handling H-3 labelled
polystyrene powder is being continued. The intake (AL!)
for this compound is estimated to be less than that specified
by ICRP for tritiated water.

The lung monitor installed in the steel room
is being regularly used to check the PREFRE workers
for plutonium. The shadow shield counter with
computerised data processor is used for whole body
monitoringgamma emitters. Bioassay work for Pu in urine
analysis has also been started. The TAPS personnel TL
Dosimeters are processed now at HP Lab. and complete
TAPS personnel exposure data is maintained using main
line computer SN-23.

Surveys were carried out during the various opera-
tions with a view to assessing occupational health
hazards which might exist in these operations and to
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recommend suitable control measures, wherever
required. The airconcentrationof thechemicalsestimated
included beryllium, ozone and dust, and oxides of
nitrogen. The values obtained were generally found to
be below the respective threshold limit values.

Ventilation measurements were carried out to
assess the face velocities in the fumehoods, process
tank openings and the control laboratories at various
locations. Noise level measurement, illumination survey
and athermal condition surveys were also carried out in
relevant work places.

Safety promotional activities were continued as
part of Accident Prevention Programme. Investigation of
accidents, follow-up actions on implementation of various
recommendations made, releasing of quarterly reports on
analysis of accidents with findings, were carried out.

Under IAEA Co-ordinated Research Programme,
a number of shellfish and fish samples from Indian Ocean
were analysed for natural radionuclides, viz., Pb-210,
Po-210, Ra-226 and U-238.

PC based computer software was developed for
analysing meteorological data routinely and impact assess-
ment was carried out for accidental situations for heavy
water plants at Kota and Manuguru. In addition, impact
assessment from atmospheric releases was also carried
out for NFC expansion, and Zirconium Sponge Plant
at Playakayal, Tamilnadu.

Failure of upstream dams such as Supa and
Kodasalli and theconsequent effect at Kaiga Nuclear Site
was reviewed and safe elevation levels were arrived at.
Mathew-Adpic model for atmospheric dispersion as
applicable to complex terrains at Trombay and Kaiga are
under test. Surge height and wave runup studies due to
cyclones at coastal NPP sites have been carried out.

A series of models have been developed for
specific site conditions wherein low level radioactive wastes
are buried at shallow depths. The concentration profiles
due to migration of these nuclides in ground waters has
been evaluated fora typical composition of low level waste.
A model for predicting the migration of radionuclides to
immediate neighborhood from a granitic repository
containing high level wastes has also been developed.

The distribution of 1-129 in different environmental
samples like soil, vegetation, rainwater and algae collected

aroundFRPat Trombayandat dischargecanalatTarapur
is being studied using neutron activation techniques.
Country-wide evaluation of tritium levels has been under-
taken to asses the concentration of tritium in natural
waters.

The research and development activities in
radiation protection include: a) Development and
installation of pP based environmental dose logging
systems, b) Installation of remote dose logging with VHF
telemetry for Site Emergency Control Centre at Trombay
and Tarapur, d) Tritium measurements in 'cold fusion'
samples and tritium mapping of the Arabian Sea and
the Antarctic on a continued basis, e) Develoment of
centralised personal digital dosimetry system in order
to computerise the personal dose record and its
instant updating, f) Development ofa simple pulse shape
discriminator (PSD) circuit based on measuring zero
crossover point to differentiate particle type, to estimate
low levelsof alpha emitting radionuclides by reducing the
background due to either beta or gamma events in
a liquid scintillation counter, g) An 8085 based 256
channel portable analyser with 2" x 2" NaI(Tl) detector.
The ADC, detector, EHT, pre-amplifler, amplifier and
the PM are housed in a single assembly. The complete
system operates on 7AH(6V) Ni-Cd portable battery.
The spectrum acquired can be transferred to a PC
via serial port for processing- The system is being
evaluated for field use, h) HPD 4K-MCA based gamma
spectrometer using HPGe detector has been recently
calibrated and used as stack effluents activity monitor both
at CIRUS and at TAPS. The gaseous as well as paniculate
activities have been measured with an accuracy of 90%,
i) The bulk waste monitor commissioned earlier is now
being used routinely to measure gamma active waste in 200
litredrums. Thesystemhasbeenso calibrated that itneeds
only weight of the drums as an input in order to apply
correction due to matrix attenuation. The system not only
prints activities of Co-60, Cs-137, Ce-144 and Ru-106
but also prints acquired spectrum on a dot matrix p inter,
j) LL and ESR correlation studies on organic phosphors
viz 'tris' and pentaerythritol, have been completed. LL
dosimeters developed with these phosphors are useful in
measuring high dose levels in various radiation facilities of
nuclear technology, k) Indoor radon-thoron measurement
studies were carried out by using Solid State Nuclear
Track Detectors (SSNTD) CR-39. The work is in
progress by using image analysis system for measure-
ments of tracks in CR-39 detectors. Low level alpha
activity measurement using SSNTD films, for
application in bioassay measurements, is in progress.
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Feasibility studies in neutron dosimetry using polye-
thylene (PE) radiator using fast neutron (0.42 to 2.68
MeV) induced recoil tracks have been carried out. 1)
Efficiency evaluation of special polymer for decontami-
nation of plutonium has been completed.

7.2 Radiological Protection

The implementation of radiation safety programme
in non-DAE institutions all over the country using radio-
isotopes and radiation sources for medical, industrial
and research applications was continued. Personnel
monitoring service was provided to both DAE and non-
DAE institutions. 37,107 radiation workers in 3,006
institutions were monitored with TLD and film badges. In
addition to the above radiation workers receiving beta,
gamma and X-ray exposures, there were around 1239
additional radiation workers in about 52 institutions whose
fast neutron exposures were monitored on a bimonthly
basis. A systematic computerized dose record of all
radiation workers is being maintained. A new TLD
card based on indigenously made CaSO4:Dy teflon,
0.4 mm thick tape has been developed. It has mica as an
antibuckling device. The card has improved characteristics
such as shorter read-out time, better reproducibility and
reusability of dosimeters. During the year, 171 cases of
excessive exposure with more than 10 mSv were detected
and 15 of them underwent chromosome aberration test.
Out of these only 69 were found to be genuine over
exposures.

Installation plans were approved for 18 beam
therapy, 8 brachytherapy and 14 open sources in various
institutions. Authorisations were issued for procurement
of 858 radionuclide consignments and 67 new radio-
graphic cameras. 193 radiological protection surveys were
carried out. Source loading operations in 12 telegamma
installations were supervised. 88 transport certificates
were issued for safe transport of radioactive materials.
673 radiation sources were received from various
institutions for disposal. Radiographic cameras were
inspected and tested periodically for their functional
defects and adequate radiation shielding. 3.150 g of
radium from 9 institutions was collected for disposal as
radioactive waste. Type approval tests for 22 X-ray
units manufactured by 4 firms were carried out. Perfor-
mance test on 4 teletherapy units - Theratron-780 C,
Phoenix, Eldorado-78 and AIcyon-2 were carried out. 569.
nucleonic gauges containing 44.4 TBq of Cs-137 and
47 gauges containing 4.4 GBq of Co-60 from two user

ions were decommissioned and sent for final

disposal. An Am-Be neutron sourcewilh 37 GBq activity
was recovered from a well logging tool. There were four
cases of source stuck-up in radiography cameras. These
were successfully attended to. Loading of 37 TBq of
Co-60 in a radiography equipment was supervised. The
source loading oper-ations for commercial irradiation
facility at Shriram Institute for Industrial Research, New
Delhi, was supervised and a radiological survey of the
installation was conducted. Safety assessment of transport
container for FBTR startup source was carried out and due
recommendations were made to BRIT for a shipment
under special arrangements. A computer code VAHAK
was developed to provide complete details regarding safe
transportation of radioactive materials.

Fabrication of kits for quality assurance tests in
diagnostic radiology which was undertaken last year was
continued. 14 kits were loaned to outside institutions for
performing quality assurance tests on the X-ray units in
their institutions. Field data received from 9 institutions
were analysed. Some defects which were observed during
these tests were rectified to give expected diagnostic image
quality. A number of instruments required for country-
wide personnel monitoring services and radiological
protection surveys were developed. A semi-automatic
TLD badge reader (Model TLDBR-5) incorporating a
motorised mechanical assembly forautomatic read-out of
the three dosimeters of the badge sequentially was
developed. Additional features such as automatic dark
current subtraction, auto-ranging, built-in numeric printer,
digital glow curve storage, self-test diagnostic software
and a serial RS232 interface to IBM PC have also been
incorporated. Another TLD Badge Reader (Model
TLDBR-6), incorporating simultaneous processing of all
the three dosimeters of the badge, was also developed.
This effectively reduces the read-out time per badge.
More than forty manual TLD badge readers are in
operation in the country. An interface unit has been
developed for connecting these readers to IBM PC to
facilitate glow curve display, data storage and dose
computations, etc.

A portable therapy dosimeter incorporating a low
power CMOS microprocessor (Motorola 146805E2) and
covering upto 0-20 Gy range has been developed. This
dosimeter has advanced features such as exposure and
exposure rate measurements, preset exposure and preset
time, crystal controlled timer, automatic temperature and
pressure corrections with manual entry of temperature
and pressure, autoranging and 16-digit alpha numeric
liquid crystal display.
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A portable battery powered Lead Equivalence
Tester has been developed for quality assurance testing
of lead rubber sheets used for the manufacture of lead
rubber aprons, gloves, etc. used in the diagnostic X-ray
department. Thfi instrument is based on the principle of
gamma ray transmission and has a useful range of 0-0.8
mm of lead equivalent thickness.

A scintillator, Nal (Tl), based X-ray monitor with a
fast response time (less than 20 msec.) and having a peak
hold facility for exposure rate has been developed for
monitoring radiation levels around diagnostic X-ray
installations. The instrument also measures the inte-
grated exposures. It has a range of 0-100 mR of integrated
exposures and 0-10 R/hr of peak exposure rates.

A beta-gamma emitter, Sc-46, was standardised by
4M beta-gamma coincidence technique for participation
in an intercomparison organised by Bureau Inter-
national Des Poids ct Measures (BIPM), France.
Standard samples of Sc-46 were sent to Central Bureau of
Nuclear Measurements (CBNM), Geel, Belgium, as
requested by them. In addition, this standard was used
to determine the calibration factor for the gamma ion
chamber which is used as a secondary standard. An inter-
comparison of radioactivity measurements in various
nuclear medicine centres in the country was organised by
using 1-131. This intercomparison is fourth of its kind.
Inair, TLD measurements.were introduced for special
investigations in thedosimetricintercomparisonofdiffer-
ent centres of oncology in the country.

Various types of radiation detectors used in reactor
control and radiati n monitoring, which were imported or
manufactured in ECIL, were calibrated for neutron and
gamma sensitivity. For measurement of thermal neutron
flux density, a PC based on-line system was incorporated
in the 4M beta-gamma coincidence set-up. This system
computes directly the flux from the count rates of the
activation foils.

The work on the development of chemical dosi-
meters for radiation processing and radiotherapy appli-
cations was continued. Dose intercomparisons were
carried out for high energy accelerators using the FBX
system. Coloured indicators for irradiation verification
were supplied to many companies who are using
radiation for the sterilization of medical products. Radio-

biological studies related to the effects of low dose rate
irradiation were continued. Induction of genetic damage
in experimental cell system was investigated under
continuous low dose rate (0.01 Gy h"1) irradiation using a
Co-60 gamma source. Dose rate effect for the exposure to
beta rays from H-3 was investigated in the range of 150 Gy
h 1 to 0.01 Gy h"1, for the induction of genetic damage in
yeast cells.

Radial dose distributions in water vapour for
electrons in the energy range from 30 eV to 10 keV were
computedusingtheMonteCarlomcthod. The computed
dose distributions were represented approximately by a
simple analytic form for various source energies so as to
provide a convenient input for various applications.
Computations of the Fano factor that characterizes the
ionizalion yield fluctuations in water vapour were also
carried out for various source energies.

BARC participated in lhe9th Antarctic Expedition
and carried out baseline measurements on ambient radia-
tion and radon in air besides collecting samples of rocks
and water for radioactivity assay. Trace analysis for toxic
heavy metals as well as radioactive tritium in water
samples were also attempted. The results provide invalu-
able data for a region not affected by human activity.

Efforts have been initiated to create a national
network of environmental radiation monitoring stations
to assess the ambient radiation levels as well as
radioactivity levels in air on a continuous basis. Thiswill
help in getting to know, within reasonably short time, any
accidental nuclear releases either from within the country
or from across the borders. Such an effort is being
pursued as an international co-operative study called the
Global Environmental Radiation Monitoring Network
(GERMON).

Non-ionising radiation safety survey was con-
ducted around radio-frequency devices in DAE as well as
in All India Radio, Bombay. Active participation by way
of planning as well as pollution assessments is being done
in an Inter-Agency Project initiated by IAEA in the trans
Thane industrial belt.

Certification for radioactivity contents in export/
import food items were continued on a request basis and
until 1990, about 5000 items have been certified.
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ELECTRONICS AND
INSTRUMENTATION

8.1 Instrumentation

A process mass spectrometer for on-line analysis
of gaseous nuclear fuel was installed, commissioned and
made operational at site. Mass spectrometers for heavy
water analysis have been delivered oneeach at Manuguru
and Hazira. A number of modifications have been effected
in the double focussing mass spectrometer resulting in an
improved resolution of 6000. All the subsystems of
the thermal ionization mass spectrometer have been
developed.

Performance of the 600 kW power unit supplied
earlier has been improved through better ventilation.
RF generator for ICP torch assembly has been tested at
2kWand its performance was found satisfactory. A DC
constant current power supply rated at 40 Amps, 300 V
with regulation better than 0.1% has been made for use
with argon ion laser. Another laser power supply rated at
7.5 kV, 120 mA with stability of0.1% has been developed
for the use with He-Ne gas laser. A number of room
temperature operational MCT detectors for CO2 laser
have been developed. Development and production of
surface barrier detectors has been continued.

Production of flash lamps, hollow cathode lamps,
pocket dosimeters and different types of GM seals was
continued to meet the requirements of the users in the
DAE. A number of ultra high vacuum components like
metal tees and crosses, precision linear and rotary motion
feedthrough, etc. have been developed for use in the
analytical instruments being developed.

A 3600 1pm capacity flow calibration facility has
been installed. Development jobs for the instrumented
fuel assembly for Dhruva for measurement of aluminium
clad temperature were completed. The assembly is ready
for loading in the reactor.

Necessary expertise for upgrading the instrumen-
tation and controls of uranium metal plant was provided
as many of the existing instruments have become obsolete.
Consultancy services are being provided to Indian Rare
Earths for improving the performance and upgrading the
instrumentation and controls in its various plants.

8.2 Computer Based Instrumentation

Thirty-six power reactor instrumentation modules

for NAPP-II were tested tospecificationsandlherequired
documentation has been completed. Eight DC amplifiers
for reactor protection system have been supplied to
FBTR. A similar unit with on-line insulation measure-
ment of detectors and cables for SPNDs has been success-
fully developed for 500 MWe reactors. A microprocessor
based hand and foot monitor with features like back-
ground correction, programmable parameters, test mode
for calibration aid, etc. has been supplied to NAPP. One
liquid scintillation counting system has been supplied to
ESL, Kalpakkam. Ten preamplifiers Model PI 16, were
fabricated and supplied and the next batch often is under
fabrication. Wilkinson's type ADC (100 MHz, 8 channel)
with DNL ± 0.6%, INL ± 0.004% with spectrum stabilisa-
tion features have been designed and developed for pulse
height spcctroscopic applications. A charge sensitive
preamplifier with a sensitivity of45mV/<MeV (Silicon)
has been developed and is under evaluation.

PC - based Electromyograph was clinically
evaluated and approved. The technology for the unit
has been transferred for commercial exploitation. Video
Frame Processor for fringe analysis and beam profile
monitoring of dye-lasers and multiple frame averaging
has been successfully evaluated. Such systems provide
"visual feedback" for apodization of the beam. The
commercial production of "Video Frame Processor", the
technology for which was transferred on 1989, has been
successfully started.

Details of Ultrasonic Imaging System for NDT
applications has been finalised. Hardware for Golay Code
excitation/correlation receiving and position encoding
were designed. Software to process and display C-scan
information has been finalised. Details of control and data
acquisition and interfacing with IBM-PC/AT are finalised.
A PC-based radiation monitoring system has been
developed to monitor the radiation in different areas of
KAPP reactor buildings, with user-friendly, operator-
interactive softwares and self-test diagnostic routines.
PC-based MCA with DNL< 1% and conversion time of
15 sec has been developed and evaluated.

8.3 Control Engineering

An access control system for personnel, based on
IBM-PC at the front end and microprocessor at the back
end, was developed. It was installed and commissioned at
the fuel reprocessing plant using magnetic cards. Access
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control systems were installed and tested at Heavy Water
Plants at Baroda and Tuticorin. Design of physical
protection system of Kakrapar Atomic Power Plant was
completed.

A system for image processing and spectroscopy
was installed atlGCAR, Kalpakkam. It acquires electron
image and X-ray spectrum, and correlates the data for
elemental analysis of materials. Image processing
facilities were provided for structural investigation of
fractals, study of characteristics of pico-second laser
phenomenon, and alpha-track counting operation.

Feasibility study was carried out for developing
image processing system for alignment of coolant
channel replacement machine. Software was developed
to determine central line offset for the channel. For
non-contact flow measurement, high temperature ultra-
sonic probes were tested at 200°C and software was
developed for computation of transit time and flow.

The knowhow of the Image Analysis System was
transferred to industry. It finds applications in quantitative
metallography, nuclear interaction studies and robotic
vision.

An explosive detector was made providing analog

and digital indication of count rate for detection of
explosives. Electronic hardware was assembledand tested
for five units. A multi-stream hydrogen monitoring
system, which continuously monitors hydrogen concen-
tration in the environment was developed for HWP,
Baroda. A prototype model for adaptive controller was
developed and tested on a mini-gas plant

A process modelling and simulation software
package has been developed to simulate various sub-
processes in nuclear reactor systems. With this package,
the effect of many parameters on the working of reactor
systems can be studied with IBM-PC and real situation-
like graphs, depicting the interrelationship of parameters
can be plotted. Facility to test the performance of
controllers has also been incorporated. Simulation of
steam generator level loop has been undertaken in
collaboration with NPC's 500 MWe Project.

Data were collected for the state of Jammu and
Kashmir for the preparation of Phonetic Place Code
Grid. The Place Code Grid incorporating first two digits
of the phonetic characters, indicating the broad zone and
medium zone were also prepared for Jammu and Kashmir.
The instruction booklet, originally written in Hindi,
was revised, enlarged and translated into Urdu and
English.



Haridasan, G., Singh, B., Joshi, V.M., Alex, A. and Lai, A., "Role
of Parallel Architecture in Image Processing", National
Symposium on Parallel Processing, Bombay (1990).

Joshi, V.M., "Difference Imaging, Technique and Appli-
cations", Int. Symposium on Physics of Medical Imaging
and Advances in Computer Applications, New Delhi
(1990).

Singh, B., Alex, A. and Haridasan, G., "Software Filtering in
Image Processing", ibid.

Haridasan, G., "Image Quality in Ultrasonic Imaging", ibid.
(Invited Talk)

Haridasan, G., "Salient Features of Modern Imaging
Systems", Int. Symp. on Frontiers of Imaging, Trivandrum
1990. (Inviied Talk)

Narsaiah, N., Ananthakrishnan, T.S., Bairi, B.R. and Maurya,

D.R., "PC Based Radiation Monitoring Data Acquisition
System for Nuclear Power Plants", National Workshop
on Computers in Real Time Applications, Madras (1990).

Padmini, S., Diwakar, M.P. andflalhod, N.C. "Menu Based
Natural Language Interface", National Symposium on
Knowledge Based Computer Systems, Poona (1990).

Kumar, R., Rao, Y.V., Roy.SujataandSangodkar.D.B.,"Real-
Time System for Access Control", National Workshop on
Computers in Real Time Applications, IGCAR, Kalpakkam
(1990).

Mehta, H. R. and Bhattacharya, B. K, "Adaptive Control by
Pattern Recognition and Robot Manipulator Control",
Symposium on Advanced Remote Handling Systems and
Automation in Nuclear Installations (ROSYMP-90), Bombay
(1990).

I



? ' • •

ENGINEERING SERVICES

9.1 Civil Engineering

The main construction activity was the continu-
ation of the superstructure works for the Waste Immobili-
sation Plant which was commenced in July 1987.
Construction of 100 metre high RCC stack is almost
complete. Construction of (i) underground water tank of
SO lakh litres capacity for alternate water supply line to
BARC, (ii) low cost covered shed for DPS at Trombay
village, (iii) RCC trenches in zone 12 in RSMS area, Trom-
bay and other miscellaneous works were completed.

Work on expansion of BARC Hospital at Anushakti-
nagar and Bank and Post Office building at Trombay is in
progress. Certain major structural repairs and refurbish-
ing works on Modular Laboratory building, Central
Stores and Central Complex have been taken up. Struc-
tural repairs for RCC jetty, pre-stressed saucer type water
tanks, and FIPLY Complex were carried out in phases.
Several new schemes, viz. (i) Hot Cell Facility for post
irradiation of nuclear fuels and reactor components,
(ii) New Guest House and Technical Staff Hostel at
Anushaktinagar, (iii) Component Decontamination and
Conditioning Facility, (iv) Experimental facility for
internal system behaviour, (v) a Workshop building for
DEED, (iv) Extension to library, (vii) Development of
Production and Scintillation Materials Facility, and (viii)
Extension to Plutonium Plant and other miscellaneous
facilities are in planning, estimation or sanction stage.

Architectural, structural and public health design
services including bills of quantities for township and infra-
structure works of the Nuclear Power Corporation
Ltd. for their 2x500 MWe project at Tarapur were
provided. The maintenance of all installations at Trombay
including BARC Hospital and Trainees' Hostels at
Anushaktinagar were continued.

During theyear, certain new developmental activi-
ties have been taken up. It is planned to construct a scale
model of a nuclear power reactor concrete containment
and test it under instrumented conditions to study its
behaviour as well as pattern of failure. The results of this
study would be useful to build up public opinion on safety
of nuclear power stations apart from giving insight to the
designers.

Extension to Beryllium Machining Facility at
Vashi has been completed. Construction of new dispen-

sary building has just commenced and is in progress.
Additions and alterations work for setting up new dispen-
sary at Andheri is in progress.

Construction of 230 quarters and school building
including all ancillary works have been completed. Sanc-
tion for augmentation ofwatersupplyat plant site has been
received and construction work is being commenced.
Construction ofan inactive incinerator plant is also being
taken up. At Waste Management site, construction of 8th
set of RCC trenches, cement based waterproofing over
trenches in zone VII and construction of roads is being
taken up. Detailed planning for construction of further
479 quarters under VIII Plan and extension to transit
accommodation have been completed and estimates have
been submitted for sanction. For the expansion of TAPS
Hospital, planning has been completed and tender action is
on hand. Due to change in the policy adopted by MIDC,
efforts for identification of other sources for water supply
to BARC installations are being made.

Financial sanction for construction of National
Centre for Compositional Characterisation of High Purity
Materials at Hyderabad has been received. Detailed
planning for all the buildings and facilities has been
completed. Construction of compound wall around the
allotted area and other infrastructure works are
completed. The Bulk Analysis and Profile Laboratory,
Administrative Building, AC. plant and substation, are
nearing completion. Tender action for main Ultra Trace
Analysis laboratory is in progress. Construction work for
expansion of NRL Phase-III at Srinagar was commenced.

Certain major refurbishing works in the existing
laboratory building in Gauribidanur have been carried out
during this year. The maintenance of all non-residential
and residential buildings was continued.

The Architectural Section continued to handle archi-
tectural design work of various projects of Department of
Atomic Energy. Some of the major architectural jobs were
related to Waste Immobilisation Plant, Bank and Post
Office Building, remodelling of lecture halls of Modular
Labs., extension to electrical sub-stations at North Site
and South Site, BARC Hospital expansion at Anushakti-
nagar, CHSS Dispensaiy at New Bombay, Laboratory/
Buildings of Centre for Compositional Characaterisa-
tion of Materials Project at Hyderabad, BARC housing at
Tarapur, TAPS Hospital expansion at Tarapur, Lab.
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building at Nuclear Research Lab., Srinagar, Trombay
Township Project at Anushaktinagar, Bombay, Atomic
Minerals Divisions Projects at Tatanagar, Shillong,
Nagpur, Hyderabad and executions of DAE Exhibitions
at various locations in the country.

Work was also done for aided institutions under the
DAE such as Tata Institute of Fundamental Research at
Bombay, Hyderabad, Ooty, Bangalore, G.M.R.T. atPune,
Kukadi, Narayangaon, Khodad, New Annexe for Tata
Memorial Centre at Bombay, Saha Institute of Nuclear
Physics at Calcutta, Institute of Physics at Bhubaneswar,
Mehta Institute of Mathematics at Allahabad, and also for
Nuclear Power Corporation of India Limited at Tarapur.
Work was undertaken for other departments such as
Institute of Cateringand Hotel Management, Department
of Tourism at Bombay, Sanjay Gandhi Post Graduate
Institute of Medical Sciences at Lucknow, University
Grants Commission at Delhi, and Society for Applied
Microwave Electronics Engineering and Research at
Powai.

9.2 Electrical and Mechanical Services

Technical services were continued to be provided to
the various electrical and mechanical utilities at Trombay
and to other units of DAE. Various projects completed
till now include mechanical and electrical utilities for AF3

Tarapur, RPL and LCLP Vashi and additional water
supply project for 3 installations at Trombay.

Design assistance to other units of DAE like AERB,
IRE, BRIT, CAT, NPC, etc. was continued. Co-ordination
work and close liaison with Tata Thermal Power
Station, Bombay Municipal Corporation and MSEB
were continued for ensuring reliable electrical power
and water supply.

Major upgradation work of electrical and
mechanical utilities of the Trombay complex will be
undertaken during 8th five year plan. A national
syposium on "Advances in Utility Systems for Industries
andNuclearInstallations"is being arranged, preparations
for which are in advance stage.

Round the clock operation and maintenance work
of all electrical and mechanical installations including
sub-stations, electrical power systems, electrical network
system, transformers, switch gears, panel boards, distri-
bution boards, lighting fixtures, lighting and power points,
motors and their control systems, central airconditioning

plant, services water pumps and supply equipment,
telephone exchange ISDX/ISDT systems, etc were
continued to be carried out. Airconditioning and
ventilation plants, vacuum systems, lifts and EOT Cranes,
fume hood exhaust systems, air washer plants, waste
disposal pumps, room airconditioners, fan coil units,
bottle coolers, walk in coolers, deep freezers, etc. were
also serviced and maintained. Operation and mainte-
nance work also included various addition andalteration
work for users, installation of unitary airconditioning and
refrigeration equipment at various locations, etc.

Energy conservation schemes were also initiated
in central airconditioning plant and various other loca-
tions. Attempts are being made to rationalise the chilled
water distribution and control system.

9.3 Central Workshops

Central Workshops (CWS) continued to design
and manufacture mechanical equipment required by the
various divisions of BARC and manufactured compo-
nents and equipments for power reactors and other units
of DAE.

Some of the major equipments which have been
designed and fabricated include Neutron Spectrometer
for export to Bangladesh including a model of the same,
a Diamond Anvil Cell for high pressure studies, Resonant
Frequency Quadrupole Accelerator assemblies, a Preci-
sion Scanning Stage for scanning of irradiated fuel
elements, etc. Detailed engineering and fabrication was
completed for 21/28 meter long cold neutron shrouds for
experiments on cold neutrons, multi-stage centrifugal
extractor bank, monel vessel for uranium extraction, and
a 7.5 tonne dipole magnet with its chamber for Recoil Mass
Spectrometer. A number of test coupons for metallurgical
studies of materials were manufactured. Welding and
machining on special canned motors for HWPwas carried
out and components and equipment for remote handling
facilities and number of equipments for various BARC
units were fabricated.

CWS designed precision equipments like different
types of goneometers, hydraulic manipulator for handling
of uranium ingots, ion target chamber for beam foil
spectral studies, storage tanks for methane and ultra high
vacuum scattering chamber for molecular studies. Manu-
facturing of these are in progress. Detailed drawings
were made for process equipments like dissolver
baskets, tilting flask with supporting structure and heat
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exchangers, Faraday cups, RF resonator assemblies, onion
irradiators, reduction retorts for zirconium sponge units,
etc which are presently in advanced stage of manufacture.

CWS manufactured various equipments like
fuelling machine heads, secondary shutdown system
components, outer flow tube extensions, incore flux
mapping equipment for 235 MWe power reactors, liner
tubes and end fittings for 500 MWe reactors. CWS also
provided metrology, NDT and machine tool maintenance
services. Production trial for manufacture of seal discs
using diffusion bonding technique developed earlier has
commenced. A prototype for an intricate support guide
tube casting for TAPS has been made.

A remote boring and grooving machine which was
developed earlier was successfully tried on mock-ups for
eventual use on MAPS calandria rework. CWS has also
undertaken design of equipment for end shield replace-
ment project, cryostat for superconducting linear accele-
rator, S.S. chamber for high energy particle duct, mono-
cnromator and Indus-1 UHV chamber, etc. CWS in
association with IGCAR is developing a remote
controlled CNC machine for hot cell use.

9.4 Remote Handling and Robotics

With a constant stress on self reliance and self
sufficiency, efforts towards development of a number of
systems to cater to the immediate needs of the nuclear
programme in the areas of remotisation, automation and
robotisation were continued. Appreciable progress has
been achieved in respect of automation of monotonous
and repetitive operations using pick and place devices.
The automation system for placement of helical spacer
pads on PHWR fuel elements for welding has been
despatched to NFC for installaltion. The automation
system for orienting, feeding and placement of end
bearing pads on PHWR fuel elements for welding has
been refined by incorporating an infrared sensor system
for achieving exclusive feeding of pads with the right
orientation and elimination of pads oriented otherwise.
The sensor consists of infrared detectors, the appropriate
electronics and a stepper motor. Performance of this
system is being tested. Another option of feeding the pads
from a magazine is also being tried out and perfected.

Further work is in progress in respect of the 'Pick
and Place* device for pellet (4 or more in number) gather-
ing and placing them in molybdenum boats for sintering.
All the above systems developed for NFC incorporate

simple and inexpensive PLCs. The automation systems
developed have application potential for fuel fabrication
in other facilities also. Another pneumatic 'Pick and
Place' robot has been evolved, fabricated and installed for
carrying out the operations of handling the impact test
specimen. This system facilitates execution of the 'han-
dling' process with the required speed of less than 5
seconds/cycle.

The computerised cylindrical configured robotic
system for laboratory applications (LABOT) incorpo-
rating indigenous components, stepper motors, pneu-
matic cylinders, solenoid valves anil electronic hardware
has been demonstrated. The work cell housing the robot
and peripheral pieces of equipment like bottle decapper,
sample vault, sample receipt matrix, etc. is being inte-
grated. Extensive trials of various segments of the system
are underway. A second unit is being built for handling
radioimmunoassay samples. Development of appro-
priate software for elimination of elaborate written
records is also underway as part of the overall development
of the LABOT set up.

Further work is in progress in respect of Articulated
Robots with appropriate choice of robot configurations,
drives, control and software needed for overcoming the
constraints such as limited space for maneuverability,
presence of obstacles, complexities of tasks to be per-
formed, radioactive environment and one of a kind of sign
demands characteristic of certain areas of nuclear installa-
tions. A 5-Axis Robot for use in the Kamini reactor for
neutron radiography work is being assembled.

Development work pertaining to mobile robots-
walking and crawling mechanisms-adaptable for survey,
inspection, maintenance and waste disposal tasks in
difficult and unusual terrains in nuclear installation is in
progress.

Servo-amplifiers, software and interfaces as well as
certain mechanical components are in an advanced stage of
development for the 6 legged (18 degrees of freedom)
walking mechanism. Another version of a mobile robotic
system using caterpillar tracks is also under development.
This will be used forsurvey, sample collection, heavy water
mop up, etc in PHWRs. Refinements initiated include
wireless control, vision, feed back, sensors for leg
reaction, proximirysensingandon board power supply. A
further range of application in non-nuclear environments
too is envisaged for such walking mechanisms.
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In view ofthe tremendous application potential of
pneumatics, stress has been laid on further. R&D studies
related to logic-controlled as well as servo-controlled
pneumatics. Mock up trials for the pneumatic servo-
robotic system developed for debris handling and mainte-
nance of calandria vessel of the MAPS reactor are in
progress at site. The overall system, 8m long, consists
of a mechanical manipulator for handling debris inside
the calandria, another manipulator for handling a video
camera and a third one for the repairs ofthe damaged inlet
manifold. This servo-robot developed has provision for
information feedback to the operator for remote
operation and a 2D CCTV display.

Computer Aided Telemanipulation (CAT)
systems with computerinterface between theoperatorand
the manipulator are being developed to achieve total 'trans-
parency'ofthe inaccessible operational areas for effective
task performance. Parametric feedback to the operator
is the noteworthy characteristic of such CAT systems
which behave like standard reprogrammable robotic
systems. With suitable proximity sensors, CAT systems

can correct for errors in operator commands and avoid
costly collisions.

The orbital scanning system developed for remote
ultrasonic inspection of FBTR secondary sodium loop
lines has been tested and installed at site. Fabrication of
the gamma teletherapy unit is in progress. A variety
of gadgets for remote operations like pipe cutters, mul-
tiple torque wrench and bottle decappers have also been
developed.

The knowhow pertaining to pneumatic'Pick and
Place' robot and A.C. Servo-Amplifier is in the process
of transfer to private industry. The technology pertaining
to the A.C. Drag Cup Induction Servo- Motor has been
transferred to a private firm. The four axis articulated
robot is being taken up by ECIL for manufacturing.
Technologies related to 5 axis articulated robots, inexpen-
sive PLC, variable frequency, variable voltage servo
drives, D.C. brushless servo motor and 3 phase servo
motors and pneumatic servo drives, will be ready for
transfer shortly.
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LIFE SCIENCES

10.1 Molecular Biology

A novel mutant of Tn9 in which the insertion
sequence IS/ encodes a transacting function which influ-
ences the phenotype of the host cell has been isolated and
characterized. The insertion sequences are mobile genetic
elements which are generally believed to encode
functions only for theirown transposition. The IS/ mutant
obtained by us seems to be the only known exception to this
rule.

A gene which increases the drug hyper-resistance of
E. coli cells harboring drug-resistance transposons Tn9
or Tn/ 721 in the RecE pathway genetic background has
been identified and mapped to 15.6 min on the chromo-
some. Another gene which makes E.coli resistant to high
concentrations of tetracycline only when present on a
multicopy plasmid has been cloned a mini-Mu vector.

A new recombination gene which is involved in
production of conjugation mediated recombination by the
RecBCD pathway has been identified and mapped near 99
min on the E. coli chromosome.

Using cloned uvr-3 gene involved in repair of UV
induced DNA damage, from the bacterium Haemophttus
influenzae, attempts were made to see if homologous DNA
exists in mammals. Southern hybridisations showed that
uvr-3 homologous DNA was undetectable in human or
rat DNA. Some homology was observed between a DNA
sequence flanking uvr-3 and human DNA.

A 255 kbp giant linear plasmid reported in Strepto-
myces rimosus earlier is being assessed for its role in
oxytctracycline production, tetracycline resistance and
nutrition. A lysogenic WHRO5 S. fradiae, an industrial
strain that produces antibiotics like neomycin, tylosin and
fradicin, was found to produce a new antibacterial com-
pound which is being purified. The lysogen also shows a
new additional DNA band on pulsed-field gradient gel
electrophoresis.

Genes for utilisation of phenyl acetic acid (PAA) as
sole carbon source were cloned from a B and a K-12 strain
of E.coli using a mini-Mu cloning system and comple-
mentation of an E. coli K-12 strain deficient in PAA
utilization.

Effect of UV on O2 evolution, ihermoluminc-

scence and slow component of delayed light in spinach
chloroplastsand leaves was examined. UV inhibited all
activities of photosystemll whereas photosysteml activi-
ties were only marginally affected. Single turnover flash
excitation studies showed four thermoluminescence bands
(2 below room temperature) and a fifth one at 4S°C all of
which exhibit a period four oscillations. This suggests that
'S3' state of water splitting system is possibly the most
luminescent state. All four bands decay except band V
which builds up at room temperature.

Cyanobacteria (blue-green algae) can utilise solar
energy for fixation of carbon and nitrogen and are a good
source of fixed nitrogen in tropical rice paddies. For better
exploitation of their biofertilizer potential, response of
cyanobacterial N2 fixation to a variety of environmental
stresses is being examined. Cyanobacterial stress toler-
ance is brought about by selective expression of certain
genes leading to synthesis of stress induced proteins. Many
of the stress proteins are expressed under very different
stresses, viz, heat shock, salinity or osmotic stress (Fig. 1)
indicating common mechanisms of stress regulated gene
expression. Exogenously added combined nitrogen (NO3"
or NH4

+) confers significant osmoprotection on cyano-
bacteria (Fig. 2a). This is a result of induction of osmotic
stress proteins by combined nitrogen which appears to be
sensed as equivalent to osmotic stress (Fig. 2b). Several
salinity stress regulated genes have been cloned from a salt
tolerant strain Anabaena torulosa and are being char-
acterised for their role in salt tolerance.

Presence of combined nitrogen, oxygen and salt
stresses impose severe restrictions on the synthesis and
activity of nitrogenase enzyme. Nitrogen fixation by a
marine heterocystous strain AnabaenaCA is however
insensitive to these stresses. Nitrogen fixation genes
(nifKDH) and xisA from this strain have been mapped by
restriction enzymes to facilitate their cloning and analysis
of this regulation.

Transfer of a rccombinant mobilisable plasmid
containing a 1.5 kb replicon isolated from nonhctero-
cystous cyanobacterium Plectonema boryanwn was
attempted from E.coli to P. boryanum (Fig.l). This
construct was found to be less stable but stability
improved by repeated passages through cyanobacterium.
Exoconjugant cyanobacteria (resistance to ampicillin,
kanamycin and chloramphenicol) gave plasmids which
could transform E. coli to these antibiotic resistances.
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Plasmids containing cloned B. thuringiensis ento-
motoxin gene were modified for expression of toxin gene
in plant cells. One such construction carries a transit
peptide for transport of toxin into chloroplasts. Another
construct carries synthetic oligonucleotide sequences
placed at 5' and of the gene needed for plant gene
expression. Toxicity of the products of engineered gene is
being tested on larvae of agriculturally important insect
pests.

Theoretical analysis of published nif gene sequence
was extended to analyse codon usage across a wide variety
ofdiazotrophs. Contrary to the 'unexpected' similarities
obtained in global nucleotide sequence comparisons,
codon usage analysis of nif genes agrees well with classical
phytogeny. The differences in nucleotide-sequence-based
and codon-usage based multiple alignments suggest lateral
transfer of nif genes among widely different taxa. Several
interesting features of codon usage in Anabaena indicate
a high degree of selective constraints on nif genes and
selection in favour of highly translatable codons in
cyanobacteria. Codon selection in favour oftranslational
efficiency was demonstrable in case of the nitrogen
regulatory operonglnA ntrBntrC but not in nif operons of
Klebsiella pneumoniae.

Three enzymes involved in photosynthesis by C3 and
C4 pathways and contributing to plant productivity have
been characterised for their structure-function relation-
ships. Kinetic studies on RuBPcarboxylase, a key enzyme
which operates in a multienzyme complex, indicated a
strong possibility of RuBP channeling. The enzyme is
being crystallised for further analysis. Chemical modifi-
cation of NADP malic enzyme and PEP carboxylase using
tetranitromethane (TNM) resulted in loss of activity of
enzymes due to modification of tyrosineresidue(s). TNM
modification desensitised the allosteric glucoses-phos-
phate binding site and also modified-SH groups in PEP
carboxylase but these did not affect the activity. State of
water molecules was examined using pulse NMR tech-
niqueandwatermoleculesinplantleaveswere found to be
completed to macromolecules very differently from water
in concentrated protein solutions and animal tissues.
Addition of BSA or polyethylene glycol to enzymes
affected enzyme activity due to changes in state of water.

Plant growth regulators, PGR, (GA3, KN and TRIA)
enhanced the RuBP carboxylase enzyme activity and
prolonged its maintenance in barley. The effect
was observed at all stages of growth from initiation to
senescence except for a brief period from 50-57 davs after

sowing. Reasons for the intraspikal differences in grain
size and numbers were investigated. Control spikelets
were found to have high 14C-importation rates while the
rates decline at both proximal and distal ends. PGRs,
especially TRIA, was found to modify this behaviour,
particularly at the distal end.

Pollen formation in maize isenergy dependent and
reduced ATP synthesis leads to cytoplasmic male sterility
(CMS). CMS plants showed somewhat altered NADH-
dehydrogenase with lesser oxidative efficiency in state-S
respiration.

Biological dosimetry as part of health care system
was performed for 23 radiation exposure cases (13 indus-
trial radiography, 6 medical exposure, 2 nuclear industry).

To understand the cytogenetic implication of high
background radiation, chromosomal aberrations were
compared between rats from high background radiation
areasof Kerala coast with rats from normal areas ofKerala.
No significant difference was observed.

Fractionated low dose exposure of mice to
cumulative dose of 0.3 Gy resulted in 40-50% suppression
of immune response. Similar suppression was obtained
only at a dose of 4.0 Gy when given as acute dose.

Chromosomal instability in beta-thalassemia
patients was compared to healthy individuals. While
spontaneous to radiation induced chromosomal
aberration was comparable in both, lymphocytes from
beta-thalassemia patients showed higher frequency of
spontaneous radiation induced micronuclei.

Studies on mutagens and their inhibitors showed
that methyl methano sulfonate (MMS) induced heritable
effects following post-meiotic exposure of marine
spermatozoa expressed as dominant lethal mutation.
Chromosomal damage produced by MMS and whole body
radiation (0.5 Gy) could be reduced by cobalt II chloride
if given within 1 hr following mutageneexposure. Ethanol
failed to show any germ line mutagenic effect in mice.
Alcohol dehydrogenase activity was monitored in mice
obtained by C57B16 (high ADA) and CBA(low ADH).
These mice showed sexual dimorphism in ADH levels
with males showing high ADH activity.

Mechanisms involved in inhibition of delayed
hypersensitivity to dinitrofluoron benzene in whole body
irradiated mice were investigated using transfer of antigen
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presenting cells from animals exposed to various doses
(4 Gy and 6Gy) to irradiated and unirradiated control
animals prior to sensitisation. In vitro proliferation assays
usingantigen presenting cells from theseanimalswerealso
carried out Results indicate an impairment of antigen
presenting function when animals are exposed to high
doses (6 Gy) of whole body gamma irradiation.

Studies are in progress to modulate transplan-
tation immunity against minor histocompatibility
antigens using anti-lymphocyte sera raised against sensi-
tised T cells.

Intraperitoneal injection of Mycobacterium vaccae
in mice led to immuno-suppression probably due to
suppressor T cells which deprive DTH effector cells of
T-cell growth factor.

Swiss mice exposed to the immunosuppressive agent
cyclophosphamide at birth develop wasting disease at 6-8
months of age. The disease is characterised by atrophy
of lymphoid organs or their enlargement, lymphocyte
infiltration into liver, kidney and lungs, hypoplastic bone
marrow and reduced lymphocyte/granulocyte ratio.
Attempts to transfer wasting syndrome by sera and
lymphoid cells to naive mice are in progress.

Blood ethanol level measurements using
enzymatic alcohol dehydrogenase method revealed that
ethanol clearance rate of normal and chronically
ethanolfed mice were quite comparable.

Search for mutagenesis inhibitors revealed that
cobalt(II) chloride and linoleic acid can inhibit methyl
methane sulfonate and ionising radiation induced elasto-
genicity in the bone marrow of mice. The inhibition was
observed even when cobalt (II) chloride was given after
exposure to nitrogen. To assess the radiation exposure
dose in referred cases of suspected radiation exposure,
biological dosimetry techniques were applied. These
involved analysis of dicentrics and fragments, and
metaphase and scoring of micronucleic in the cytocha-
lasim-B blocked human lymphocyte binucleated cells.

Tissue biopsies and fine needle aspirates (FNA)
obtained from the patients of thyroid cancer or oesophagal
cancer were screened with flow cytometry. Anueploid
cells, indicating presence of malignancy, could be identi-
fied aswellasquantitatedin6ofthe 15 samples charac-
terised so far. In thyroid cancers, such characterisations
were useful to monitor onset of remission or relapse.

Similar characterisation of rymphnode biopsies ofocro-
phagal cancer patients helped to trace the presence and
extent of metastasis.

Cervical smears of patients of gynaecological dis-
orders are being screened for the presence of dysplastic
cells. Pysplesiahasbeenshowntorepresentprecancerous
lesions and hence its characterisation by single (DNA
content) or dual (DNA and RNA or protein control)
would help in identifying female patients at risk for
deve-lopment of carcinoma of cervix. So far over 50
samples have been screened. Abnormal distributions
were observed in caseof 9 patients. Ofthesedinkalh/, one
patientwasdiagnosedasacaseofdysplesia and 3others of
inflammation of cervix. All these patients are being
reevaluated both clinically and with flow cytometry.

10.2 Biochemistry

Studies were directed towards elucidation of
biochemical mechanisms in living organisms responsible
for crucial regulatoryevents during growth, development
and differentiation. Greater emphasis was laid on newer
methodologies and approaches. Among the on-going
programmes were thoseaimed at identifying the molecular
basis for certain human disorders.

Studies on delineation of the biochemical mecha-
nisms underlying generation of immunodiversity in verte-
bratesare being continued. The key todiversityofantigen-
binding proteins has been postulated to stem from
recombinations of germ-line arrays of variable (V),
diversity (D) and joining (J) segments. It has not been
possible so far to identify the enzymatic process that
brings about V(D)J recombination. Using specially
designed extrachromosomal DNA as the substrate and
thymic subnuclear fractions as the source of enzyme,
in vitro V(D)J recombination has been achieved. It,has
been demonstrated that a high level V(D)J recombinase
activity is tightly associated with high-salt resistant nuclear
matrix isolated from thymus glands of 2 to 3 week-old
rats. This recombinase activity was further found to be
lymphoid specific, detectable only during early stages of
development. The above system has thus enabled an
in-depth study on the biochemical pathways of rearrange-
ment and recombination for thegenesofTcell-receptors/
immunoglobulins.

Denovo biogenesis of mitochondria in Saccharo-
myces cerevisiae during transition from anaerobic to
aerobic growth was found to be preceded by induction of
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enzymes of DNA replicating apparatus which includes
DNA polymerase, RNA polymerase and DNA primase.
The latter two were shown to be essential for synthesis of
RNA primers for the initiation of DNA replication at
more than two origins on either strands of mitochondrial
D N A

Studies on halobacterial proteins showed that
glyceraldehyde 3-P dehydrogenase, devoid of a strong
hydrophobic core, could be stabilized by a protein-
hydrated salt network in KC1 solution. Halobaterial
aldolase, a non-acidic protein with 10 small subunits,
was found to be dependent on stronger hydrophobic
interactions even in KC1. In halophilic bacteria, an
unusual mode of fructose metabolism has been discovered.
An enzyme, ketohexo-kinase, normally occurring in
mammalian system, was identified as responsible
for conversion of fructose to fructose-1-phosphate.
Halophilic archaebacteria, inspite of being heterotrophs,
possess ribulose bisphosphate carboxylase(Rubisco),the
key enzyme of reductive CO2 fixation in all autotrophic
organisms. The enzyme from these primitive organisms
shows structural similarities with its counterparts-from
higher plants as confirmed by immunological and Western
blot analysis. A genomic library of Haloferaxmediterranei
in thevectorEMBL3 was constructed. Fourclones having
DNA homology with the gene encoding ribulose
bis-phosphate carboxylase large subunit (rbCL) of rice
chloroplast genome have been obtained.

Extensive biochemical studies, including determi-
nation of thyroid hormones by highly sensitive radio-
immunoassays, have led to the conclusion that thyroid
hormones are essential for early development (onto-
genesis) of the embryonic brain in mammals.

An experimentally induced diabetic condition in
rats led to excretion of higher urinary folates 2 to 4-fold,
over prolonged periods. Certain components of partially
purified preparation from the pulp and seed of Jamun
(Eugenia jambolana) and bark of Banyan (Fiats
Bengalensis) were found to effectively lower levels of sugar
in the blood of diabetic animals. The underlying
mechanism was found to be due to stimulated insulin
secretion from pancreas. Administration of toxic doses of
paracetamol resulted in impairment in liver mitochon-
dria! energy metabolism concomitant with decrease in
theintramitochondrial cytochrome content and in Mg 2 + -
ATPase activity indicating damage to hepatic mitochon-
drial membranes.

Programmes on identification of boors ia
relation to thecardiovascularimpainnentwerecontinued.
Mg 2 + levels in the plasma of hypertensive patients were
significantly low compared to normal individuals. Long-
term administration of the beta-blocker propranolal
resulted in impaired energy metabolism in the heart owing
to altered intramitochondrial cytochrome profiles. In
other studies, it could be shown that in cardiac patients,
the delicate balance is tost between levels of prostacydin
(vasodilator) and thromboxane (vasoconstrictor) which
are free radical- mediated products from arachidonk
acid. Exposure of rats to nitrous oxide (N2O), a routine
anaesthetic agent used in surgical operations, resulted in
the enhancement of superoxidc dismutase and catalase
activities in the liver. Plasminogen activators from tumour
ceils have been purified and characterized on the basis of
structure-functions displaying fibrin dissolving potential.

Studies on biochemical mechanisms underlying
indignant transformation have been continued. One of
the characteristic early features of liver cancer induced
by diethylnitrosamine (DEN) was activation of three
oncogenes. This activation did not take place in rats fed
with nicotinamide along with DEN. During preneoplastic
stages of DEN feeding along with nicotinamide, the
activated liver isozymicforms ofglutathioneS-transferase
(GST), a marker enzyme, was also suppressed. A marked
lowering of GST and significantly high amino-pyrine
demethylase activity were the characteristic features of
lymphocytes in patients bearing various types of malignant
tumours.

Investigations pertaining to molecular changes
during chemical carcinogenesis and their modulation by
natural factors are being continued. NADPH cytochrome
P-450 reductase, a component enzyme of the monooxy-
genase system, was also detectable in liver mitochondria
and localized on the outer membrane of mitochondria.
Mitochondrial cytochrome P-450, in conjunction with the
flavoprotein, catalyzed formation of covalent adduct
between aflatoxin B | and DNA. Induction of poly
(ADP-ribose) synthetase and DNA polymerase and their
decline was closely related to DNA damage and its repair.
The latter takes place through ADP-ribosylation of
several proteins including DNA polymerase beta.

The control of carcinogenic process through
regulation of membrane-bound monooxygenase activity
was studied by interactions with natural and physiological
compounds. Polyphenolic substances of plant origin
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showed an affinity for cytochrome P-450, carotenoids,
their beta-oxidation products and riboflavin, while retinol
and retinoids interacted primarily with the phospholipid
fraction of microsomal membrane. Trace metal copper
showed a distinct role of interacting with heme protein and
with flavoprotein. Antitumour activity of heat-killed
Streptococcus thermophilus cells against fibrosarcoma
could be attributable to the modulation of host-immune
response. A role of T-lymphocyte cells was indicated in
tumour immunity developed by thisorganism. Increase in
urinary pteridine levels following T-lymphocyte/macro-
phage activation in various diseased states appeared as an
index of suitability of volunteers as blood donors.

The effect of whole body radiation in rats was
examined in terms of biochemical functions particularly
for superoxide dismutase (SOD) which protects bio-
membranes against radiation injury. The disturbances in
the levels of peroxidation, endogenous SOD and catalase
activities were pronounced due to exposure to radiation.
These are restorable to normal levels by treatment of the
animals with exogenous SOD. A common congenital
defect known as SJT ncephalia has been detected in Swiss
mice after paternal gamma radiation, due to defects in the
neural tube. Studies on the etiology of kidney stone disease
in relation to dietary oxalate were continued. A new
process of depleting oxalate content of oxalate-rich leafy
vegetables (e.g. Spinach, Amaranthus andParuppu keerai)
has been developed. The method employs oxalate oxidase
purified from banana peels and entrapped in alginate beads.
Over 80% reduction in oxalate content could be achieved.

10.3 Bio-Organic Chemistry

Investigations in thearea of natural products aimed
at exploring the biotechnical potentials of the flora of
Indian subcontinent for bioactive compounds such as
therapeutic agents, plant and insect grown regulators and
agrcchemicals were undertaken. Research in this area is
complemented by thestudieson biosynthesis and biotrans-
formation. Concurrently, synthetic work is undertaken
to device practical synthesis of bioactive compounds and
their analogs following bio-rational approach. Another
area of interest is environmental and food related
mutagens, carcinogens and their inhibitors.

In continuation of work on natural product
research, a systematic screening of plant extracts for
bioactive compounds has resulted in the isolation of
a number of secondary plant metabolites such
as steroids, nor-triterpenoids, xanthones, coumarins,

alkaloids, glycosides, neoOavonotds e tc which show
insect antifeedant, insecticidal and antimicrobial
activities. The anti-ecdysial activity of the naturally
occurring compound, plumbagin, has led to the extension
of investigations to other quinones. Severe develop-
mental abnormalities were observed when red coiion-
bugswere treated with juglone, 1,4-naphtoquinones and
methylated benzoquinones. Xanthotoxin was found
to be the main insect antifeedant principle of the plant,
Atalantia racemosa. More than twenty analog
methodologies, syntheses of the pheromones of sugar-
cane pests and American boltweevils, have been accom-
plished. Bio-efficacy of these pheromones is under
evaluation in the field conditions. In view of the critical
importance of chiralty in the field of bioactive compounds,
thrust has been ensued in synthesis of optically pure bi-
omolecules. For this, use of chiron approach, asymmetric
reactions and chemoenzymatic routes have been
exploited leading to the chiral synthesis of several
pheromone components.

Preparations of several high-value chemicals have
been carried out successfully. Ethyl c/steinate dimer
(ECD), an important radiopharmaceutical, has been
prepared. Separation of bioactive isomer of another
important radiopharmaceutical, hexamethylpropylene
amine onme (HMPAO), has been achieved. Preparation
of an actinide extractant has been standardised.

Basic researches in the front-line area of synthetic
organic chemistry involving sonochemistry, photo-
chemistry, solid supported reagents, organometallics and
biocataiysts have been carried out and new syntheses of
preparative value have been developed. Precise stero-
control :.. Ti(O) induced reductive C-C bond formation
could be effected for the first time with the use of ultrasonic
irradiation and different solvent systems. A novel titanium
induced deoxygenation of phenol ethers has been carried
out. A short synthesis of chromenes using macroreticular
resins has been developed and used in the preparation
of several bioactive natural products. In the area of
protein and peptide engineering, a new and efficient
selenium-mediated peptide synthesis has been developed
under practically non-racemising conditions. The special
feature of this methodology is of coumarins, fiuro- and
pyranocoumarins were preparedandsomeof the synthetic
analogs showed improved antifeedant activity when
compared to the natural sample. Effects of a natural
juvenoid, backuchiol, on the silk production of mulberry
silkworm are under study. Allitin, the insecticidal
principleof garlic has been found to have fungistaticaction
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on pathogens of rice. AUitin is also a potent inhibitor of
HMGCoA redutcase which plays crucial role in the lipid
metabolism. A rare xanthanoid with three prenyl side
chains (C5H9), has been isolated from the timber plant,
Caltophyllum tomentosum. Besides isotopic exchange and
chemical reactions, extensive use of NMR spectroscopy
including 13C, 2H, ̂ -NMR, COSY, NOESY, HETOOR,
HCC-COSY, were made for the structural elucidation of
the natural products. A novel technique involving 2D
NMR spectroscopy in conjunction with solvent induced
chemical shift has been developed for unambiguous
structural assignments of complex chemical compounds
with intricate sterochemical features. Secondary meta-
bolites of tissue-cultures of medicinally important plants
were studied and a new analytical method based on
GC-MS for the estimation of the anti-malarial compound,
artemisinin, has been formulated.

Syntheses of bioactive compounds and their
analogs are undertaken based on bio-rational approach
with a view to maximise the activity, improve the
selectivity, reduce the side effects and to study structure-
activity relationships. Practical synthetic methods-for
pheromones have been devised employing easily accessible
inexpensive chemicals and modern synthetic regio- and
stereoselective activation of carboxylic acid site at higher
concentration, thereby facilitating formation of even
cyclic peptides. Several bioactive peptides have been
successfully synthesised using the new procedure.

Nuclear techniques have been extensively used in
the studies related to biosynthesis of natural products,
bio-transformation, metabolism and environmental and
biological persistence ofxenobiotics. Both stable as well
as radio-labelled isotopes such as 3H, 2H, 14C, 13C and
35S have been used as tracers in different studies.

The detailed pathway leading to the biosynthesis of
bakuchiol (JH analog), khellin (antiatherosclerolic agent)
etc. have been established. Biosynthesis of medicinally
important furocoumarins is under investigation.

Procedures for the microbial reduction using
Rhizopus arrhizus have been standardised using GC,
HPLC GC-MS and NMR spectroscopy. Flavanones with
different substituents in A and B rings have been studied
to understand the basic mechanisms of the microbial
transformations. Mono-substituted flavones, specially
in 4-position, gave better yield of the transformation
products.

10.4 Nuckar Agriculture

Certified seed production programme of the crop
varieties developed for distribution to brawn was
continued. 480 metric tonnes seed of pube varieties was
producedby the Maharashtra StateSecd Corporation and
110 metric tonnes of rice variety, Hari, was produced by
the Andhra Pradesh Seed Corporation.

Several crop varieties developed at BARC were
identified or recommended for release or pre-release.
The spreading groundnut variety TGS-1 (Somnath),
recommended for release by the Gujarat Agricultural
University last year, was released for kharif cultivation in
Saurashtra and South Gujarat by the Gujarat Stale Seed
Sub-Committee. Another groundnut variety TAG-24 was
recommended for release in the Vidarbha region of
Maharashtra for both kharif and summer seasons by the
Joint AGRESCO of the State Agricultural Universities.
Two high yielding varieties of blackgram (urid) TPU-4
and TAU-2 were identified for release by All India
Co-ordinated Pulse Improvement Project (AICPIP)
and Joint AGRESCO of State Agricultural Universities.
TAU-2 has been recommended for release in Vidarbha
region. TARM-2 (TPRM-2), a high yielding selection
of mungbean resistant to powdery mildew, has been
identified for pre-release by Punjabrao Krishi
Vidyapeeth, Akola. New promising selections of
blackgram (TAU-5, TAU-6, TPU-3, TPU-11 and
TPU-12) groundnut (TG-25, TG-26) and mustard
(TM-17, TM-18, TM-21)are being evaluated in national
and state level yield trials.

The major seed storage protein was purified and
characterized from eight Vigna species. The charge and
mass variations, and polypeptide composition revealed
considerable homology among Vigna species. Rice
seedlings screened for salt tolerance showed unique salt
stress induced proteins which may prove useful in the
identification of genes involved.

Studies using 15N labelled fertilizer showed that
60% of the nitrogen fixed by stem nodulating Sesbania
rostrata was utilized for the successive rice crop. Fertilizer
nitrogen significantly reduced the number, size and
acetylene reduction of stem nodules.

Sustenance of the egg parasite Trichogramma
brasilensis for suppression of population build up of
potato tuber moth (PTM) was augmented by repeated
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releases of sterile females of PTM under field conditions.
Screening for resistance among 100 varieties of
pigeonpea, chickpea, blackgram and greengram for stored
gra.n pest- bruchid (Callosobruchus maculates) resulted
in identification of threewildspeciesof pigeonpeaandone
greengram.

In order to understand the instability or regulation
of expression of the genes for mosquito larvicidal and
other characteristics in Basciilus sphaericus, a genomic
library of this organism was constructed in E.coli using
pBR 322 as a vector. Several specific clones that comple-
ment mutations in the genes involved in aminoacid
bio-synthesis and sugar utilization inE. colt were obtained.

Field trials with ammonium polyphosphate (APP)
fertilizer was continued under different co-ordinated
programmes of the ICAR. The data from All India
Co-ordinated Agronomic Research showed that APP
recorded significantly higher yields in rice-rice sequence,
but with rice-wheat sequence it was at par with DAP.
These results were similar to those reported previously.

Crude rice bran oil was fortified with gamma-HCH
and the fate of the insecticide was followed during the
processing procedures ofdegumming, dewaxing, alkali
refining, bleaching and deodorisation. Deodorisation
procedure almost completely removed HCH residues
and the results with direct deodorisation experiments
confirmed the same.

10.5 Bio-Technology

Studies on the micropropagation of economically
important r ants Santalum album (Sandalwood), Oil
palm(Elaiesguienensis) andMorusindica (Mulberry) were
augmented.

Investigations on production of plants in sandal-
wood tissue cultures were pursued and procedures were
developed for the production of somatic embryos in
bioreactors. Conversion of somatic cells to embryogenic
cells was achieved in a 71 bioreactor. Proembryogeniccell
masses were grown in 11 bioreactor and were developed
into mature somatic embryos. The conversion rate
of proembryos to mature embryos in bioreactor was
comparable to the flask cultures. The viable plantlets were
regenerated from mature embryos upon transfer from
bioreactor to solid agar medium. Nearly 8 -10% of the
mature embryos produced plantlets.

Leaf base explants from two elite genotypes iron
Palode (6plants) and Costa Rica (6 plants)wereselected
as source material and cultured on 40 different media
combinations. Surface callus induction was observed
in few explants from one Costa Rica tree. Of these
cultures one explant gave actively growing callus which
later on differentiated intosomaticembryos. Experiments
are in progress to regenerate plants from these somatic
embryos.

Studies on encapsulation of axillary buds of
mulberry were continued. The encapsulated axillary buds
germinated and formed plantlets under non-aseptic
conditions, when the matrix was incorporated with a
fungicide (carbendezitn). Nearly 60% of tbe buds formed
plantlets. However, the encapsulated buds devoid of
fungicide failed to grow under similar conditions.

Studies on micropropagation of Arachis hypogaea
(groundnut) were carried out using shoot tip explants as
well as other parts such as cotyledons and embryos.
In Cv TAG - 24, methods were standardised for rapid
multipli-cation using shoot tips and subsequently four
hundred plants were transferred to the field for further
studies. Different slices of cotyledons, longitudinal
as well as transverse and entire cotyledons and deem-
bryonated cotyledons were tested for suitability for
regeneration. Shoot buds could be regenerated from all
types of explants.

Transformation studies were initiated mArachis
hypogaea. Currently experiments are being conducted
vrixhAgrobacterium strains with marker genes conferring
resistance to Kanamycin.

Studies on the production of secondary metabolites
using cell cultures of medicinally important plants were
carried out. Shoot cultures of Rauwolfia serpentina and
Withania somniftra were grown in 11 bell jar bioreactor.
Multiple shoots obtained through further multiplication
were harvested after IS days and were chemically
analysed. Ajmaline and trace amounts of reserpine from
the extracts of Rauwolfia serpentina and with anolides
D, E and with anone from the Withania somnifera
extracts were identified by TLC.

Free cell suspensions of Rserpentina were
habituated with tap water and crystal sugar to substitute
the high cost of sucrose and distilled water. Cell suspen-
sions were successfully grown in 20 I air lift bioreactor
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Improved varieties, TG-25 and TGS-1 (Somnath), of
groundnut developed at BARC.

Seed bags of certified seed produced by the Maharashtra State Seed Corporation.
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Gamma irradiation is beneficial in extending shelf-life of minor spices like cumin, ajowan, corriander etc. The picture shows unpacked irradiated
and conlrol Ajowan after six months storage. Notice the cake formation in control due to mould growth.

Pre-packed chillies and turmeric for irradiation.



Irradiated and unirradiated wheat

Irradiated (left) and
unirradiated (right) onions

Onion irradiator
developed
at Trombay
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A view of food package irradiittor
at Food Irradiation Processing Laboratory. IIARC. a)'/'he
Cobalt-60 source rack is in irradiation position between incoming
and outgoing product boxes, h) Product (potatoes) to be irradiated
is sent through a conveyor system around the source. The residence
time near the source determines the dose received by the product.

Inadiutedcardamon packed in three different ptickagingmalerials for six months period. Inadiation apart from d^^^^^
preserve the green colour giving afresh look to cardamom.
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and 71 mechanically agitated bioreactor. TLC analysis of
these cells showed the presence of ajmaline which is one of
the major alkaloids.

An alkaloid production medium for synthesis
of indole alkaloids from cell suspension cultures of
R. serpentina was formulated based on a series of mani-
pulations of various nutrient solutions and L- tryptophan
additions. The release of ajmaline into the culture media
was activated by the addition of L- tryptophan.

Hairy root cultures were induced in Rauwolfia
serpentina shoots using Agrobacterium rhizogenes strain
13834. Chemical analysis of the transformed tissues showed
a higher level of total extractable components than
normal cultures (normal 2.34% D.W., transformed
cultures 4.17% D.W.). Ajmaline and serpentine were
detected by HPLC analysis.

10.6 Food Technology

With the Government clearance for the use of
radiation processing of certain foods for export purposes
and with formulation of PFA rules for food irradiation
in near future, the R&D efforts have been primarily
directed towards development of radiation technology
for preserving economically important agricultural
products as well as towards attempts to translate
irradiation technologies standardised for the preservation
of onions, potatoes and spices into commercial ventures.
Besides, development of conventional technologies for
food preservation has also been a major activity. The
technology for osmotic dehydration of fruits has been
transferred and the Solar Dryer thus developed has found
commercial application for drying a variety of products.

Gamma-irradiation at 10 kGy (maximum dose)
was able to eliminate total viable micro-organisms from
minor spices like cummin, funnel, coriander, fenugreek
etc Theinadiated spices werefound to retain their quality
attributes in comparison with the unirradiated spices even
after storage. Irradiation of pepper at 10 kGy did not alter
the spectral characteristics of its petroleum ether or
benzene extract. No significant change due to irradiation
was observed in the profile of volatile components of
major Indian spices like pepper, cardamom,ginger, chilly,
etc even after 12 months of storage. Lasiderma
serricorne,thcpredominantpestattackingcommonspices,
was found to be very sensitive to gamma irradiation. All
the meMmorphic stages of this insect were destroyed by
irradiation at 6 krads. Pre-harvest application of maleic

hydrazide, a chemical sprout inhibitor, was unable to
control sprouting in Nashik Red Globeonions when stored
at temperatures ranging from 4°C to ambient.

A comparative study of the processing quality of
chemically treated (for sprout inhibition), irradiated
and cold stored (4°C) potatoes showed that finger
chips made from chemically treated and irradiated
potatoes were comparable whereas those made from
the cold stored ones were darker and unacceptable.
Irradiation at a sprout inhibiting dose of 0.1 kGy
enhanced the rate of disappearance of carotenoids in
potatoes. Studies with the after-cooking darkening
compound from potatoes showed that it consisted of
aromatic residues and was resistant to acid hydrolysis
indicating its polymerised nature.

A comparative study of preservation of prepacked
lamb meat by gamma irradiation at 2.5 kGy,
tripolyphosphate (TPP) dip treatment followed by
irradiation and hot water dip (80°C, 10 sec.) followed by
irradiation showed that the initial total bacterial count
(TBC) in fresh meat (lO'Vg) was reduced by 1-2 log cycles
by irradiation alone, by 2 log cycles by TPP plus irradiation
while hot water dip plus irradiation brought the TBC to
nil. The shelf life at 0-3°C of the meat given hot water
dip was the maximum (6 weeks) with an acceptable
sensory score. Irradiation also reduced by 50% the nitrite
requirement for curing the meat. Salmonella species when
irradiated in phosphate buffer under frozen condition
were found to be more sensitive than when irradiated in
shrimp homogenate indicating dose levels of 4 kGy for
complete elimination of this pathogen from frozen shrimps.

Electron spin resonance (ESR) spectroscopy was
found to be a reliable method for detection of irradiated
mangoes. The mango seed coat (endosperm) tissue showed
adosedependent ESRsignal in the dose rangeof 0.25 to 1.0
kGy. Thesignalcouldbedetectedevenafteronemonth of
storage (20°C) after irradiation. The failure of irradiated
(0.1 kGy) potatoes to respond to growth regulators like
gibberellic acid, and ethrel could be used to develop
a procedure to differentiate between irradiated and
unirradiated potatoes within 2-3 days.

Several food items including pulses, rice and rice
products, oils, fish, meat, spices, milk and milk products
and icecreamsobtained from local market were found to be
heavily contaminated with Bacillus cereus, in the range
2x10* - 5 x 105 cells/g. Five of the six random isolates
produced a non-hemolytic toxin that was lethal to mice.
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A comparative study of the depolymerase activity of
Botrydeplodia theobromae and Colletotrichum musae, the
two predominant post-harvest pathogens of banana and
mango, showed that B. theobromae could macerate
the fruit tissue much faster than C. musae (Fig.l). B.
theobromae also spoiled the fruit considerably well
before the climacteric peak was reached. The formation
of pycnidia and onset of ethylene production by B.
theobromae are other noticeable events that may be
associated with the fruit spoilage. A correlation between
the respiratory pattern and fungal infectk -\ in fresh
mangoes was observed in experiments with an uncut
fruit (control), artificially wounded fruit and fruit
preinoculated with Colletotrichum musae. The uncut
fruit showed the peak on 8th day after harvesting, artificial
wounding brought the peak earlier on the 4th day whereas
the preinoculated fruit showed the peak on the 2nd day
only. The lignolytic activity of seven phenol oxidase
positive isolates of wood rotting fungi is being investigated
using a synthetic growth medium containing ' 4 C
lignocellulose prepared from wheat as the substrate.
Black pepper, preinoculated with toxic Aspergilli, upon
treatment with 2-chloroethyl phosphonic acid (CEPA),
showed total absence of toxin formation indicating that
CEPA could be used to control fungal growth in black
pepper.

Functional properties of lysosome membranes of
rats, treated with pesticide, endosulfan, were altered.
Heating of the dye, carmoisine, with food products gave a
compound that was toxic to Tetrahymena cells. Extract
of irradiated pepper (10 kGy) stored for 2 years did not
affect the growth of Tetrahymena cells.

Surimi, prepared from dhoma, an underutilized
fish, could be stored in good condition for 9 months at
-20°C. Bombay duck laminates with improved colour and
texture made and dried using the solar dryer were superior
to mechanically dried laminates. Fish powder, prepared
from threadfin bream (Wemiptereus japonicus), was
found to be low in mineral content. The ideal storage
condition for this powder was packaging in polyethylene
(700 gauge) and storing at 10°C. The powder could be
successfully incorporated (up to 20%) in an extrusion
cooked product with corn starch as base.

Technology developed for a laboratory scale
process for osmotic dehydration of fruits has been
transferred to M/s. J.D.Farm Food Technology Pvt.
Ltd., BombayandasumofRs.37.000/-was received as
technology transfer fee. A method to prepare defatted

peanuts is being standardized using alkali-alcohol treat-
ment of the peanut The product retained good shape and
quality andabout60%ofthe oil could be recovered by this
method. Foldable Solar dryer developed in BARC for the
preparation of raisins was exhibited at the Energy India-90,
Nehru Centre, Dec.7-16,1990and the exhibit was given the
Innovative Display Award presented by Una Research
Foundation, Bombay on December 16,1990.

Purified 38 kDa protein with Mn 2 + oxidase activity
isolated from PS II fraction of spinach thylakoid
membranes, contained a single disulphide linkage and
had no free -SH groups in its oxidized state. The enzyme
was inhibited by orthopthalaldehyde and showed the
presence of a lysine residue in the vicinity of-SH group
in the catalytic centre. Purified glyoxylatesynthetase from
potato tuber chloroplasts required tetrahydrofolate for
activity and apparently contained a disulfide linkage at the
catalytic centre. Increase in the cinnamate-4-hydroxyIase
(CA4-H) activity in potato tuber observed during
ageing of the parenchyma tissue was found to be due to
de novo synthesis of the protein. Physical, chemical and
microbiological studies strongly suggest that the purified
natural cofactor for CA4-H from potato tubers contains a
folate derivative. A simple procedure to obtain a better
yield of the enzyme, phenylalanine ammonia lyase (PAL)
from R. glutinis cells was developed using extraction with
Triton X-100.

The activity of arginine aminopeptidase, partially
purified from Aspergillus parasiticus, was stimulated by
bivalent cations like C o 2 + and Zn 2 + . These metal ions
stabilized the enzyme against effects of heat and change in
pH. A leupeptin-sensitive but EDTA-resistant autolysis
of prawn muscle extracts in the lower pH range that was
enhanced by cysteine indicated the presence of a SH
activated proteinase other than cathepsin D in prawn
muscle. The enzyme also exhibited pepstatin-sensitivebut
leupeptin-resistant hydrolysis of casein and hemoglobin.
A SH radical dependent protease that was maximally
active at pH 7.1 - 7.4 was also shown to be present in white
prawn muscle. The enzyme activity was sensitive to 1,10
phenanthroline and E 8-hydroxyquinoline but was
resistant to soybean trypsin inhibitor and EDTA There
was a drastic change in proteinase-inhibitory activity
of blood samples from human volunteers undergoing
exercise therapy. Antibodies raised against purified
buffalo kidney lysosomal alkaline proteinase cross reacted
with chymotrypsin but not trypsin and elastase. A SH
group dependent azo reductase that reduces azo food
colourants, Fast RedE, Amaranth and Ponceau 4R in the
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presence of Mg 2 + and NADPH was identified in different
regions of rat intestinal tract.

ThioglycoUate (TG) elicitation brought about
modifications in macrophage membrane proteins leading
to the increased formation of higher mol.wt. proteins in
protein fed rats while this mechanism was impaired in the
protein malnutrition conditions. TG elicitation in protein
fed rats also led to increased synthesis of mannose and
mannosamine rich carbohydrates. Analysis of serum lipid
profiles of 127 fish eatersand 54 vegetarians suggested that
serum cholesterol levels are better regulated in fish eaters
due to the higher serum levels of eicopentenoic ( C ^ )
and docosahexenoic (C^^) acids.

There was a wide variation in the content of
essential oils and total phenolics in different varieties of
green pepper berries but phenolic acid content, levels of
polyphenolic oxidase and qualitative aroma profiles were
quite similar. Blackening of green pepper during drying
process was found to be due to oxidation of two major
pepper phenolics, 3,4-dihydroxy phenylethanolglucoside
and 3,4-dihydroxy-6(N-ethylamino)benzamide by poly-
phenol oxidase. 1% sodium metabisulphite was effective
in retaining the green colour of pepper during drying.

Newly synthesised m-RNA, isolated from wounded
potato tissue, was used to make a DNA probe to identify
wound induced genes. Experiments indicated that HRGP
gene in potato tuber tissue showed polymorphism.

Ceratocystis moniliformis cells produced volatile
esters, ethyl butanoate, ethyl acetate, ethyl propionate
and isoamyl acetate when grown in liquid media containing
salts, glucose and urea.

Conversion of whey, a waste material, to ethanol was
achieved with 92% efficiency in a stirred tank reactor using
cells of Saccharomyces cerevisiae co-immobilized with
a-galactosidase entrapped in photo-cross linked ENT
prepolymer beads. Whey was also converted togalactose
and glucose by cellulose biacetate fibre entrapped
a-galactosidase.

A method for the use of PEI coated cotton threads
ina packed bed reactor asamicrobial filter wasdeveloped.
Invertase was purified from baker's yeast by ConA
sepharosechromatography to a specific activity of 708 U/
mg. A biosensor for the determination of blood glucose
by potemiometry was fabricated using glucose oxidase
immobilized cheese cloth as an enzyme membrane wrapped

over platinum disc The biosensor response was linear in
the glucose concentration range of 10-400 mg% and had
a long life of 6 months. An enzyme electrode based on
jackbean urease was also developed for the determi-
nation of urea. Sugar-free spray dried powder from egg
whitewas obtained that was free from yeast cells. Activated
sludge obtained from industrial waste treatment plant
was trapped in polyurethane foam and was used in a
fluidized bed reactor for the removal of phenol. Papain
of commercial grade could be bound to wood through
radiation polymerisation technique (35 kGy) using
monomer of 2-ethylhexyl-acrylate. The immobilized cells
of Bacillus megaterium were found to lose the enzyme
activity by 50% although it could be repeatedly used for 6
months. Maximum hydrolysis ofsoy flour occurred at 50°C
in 2 hr with 15% w/v of immobilized cells.

10.7Radiation Medicine

The total number of adults and pediatric patients
investigated at the Radiation Medicine Centre during the
year are: thyroid uptakes 1450; thyroid scans with 131I
1450, thyroid scans with 9 9 mTcO 4 2800; thyroid function
tests : T32241, T44493, TSH 3097, Tg 1200, anti-
thyroglobulin antibodies 600; ami microsomal antibodies
Free T3, Free T4, T3 charcoal 600 ; 131I screening for
thyroid cancer and post therapy studies 1090; liver, brain,
bone, lung cardiac and others 6030; MTB ag/ab in CSF
pleural effusions and serum 600.

A total of 1.63 TBq (44.041 Ci) of radioiodine was
handled for therapeutic purposes. More than 440 patients
received therapy for thyroid cancer, thyrotoxicosis, and for
polycythaemia vera. A total of 1.48 TBq (40 Ci) of
^9mTcO4was used for preparing various pharmaceutical
for investigative purposes.

Clinical oriented programmes included various
aspects of nuclear cardiology. More than 350 patients of
IHD and CAD were evaluated for cardiac function (bagal
and after stress) using 99mTc-TBI, prepared by BRIT.
A selected group of patients were also investigated with
gated myocardial imaging.

After conducting the clinical trials with freshly
prepared " m T c labelled TBI, BRIT undertook to make
a kit preparation and supplied it for evaluation. Extensive
animal studies were done with """Tc-TBIwith this kit and
the results were comparable to that obtained with freshly
prepared kits. However, in a limited number of clinical
trials in 60 patients the performance of the kits was not
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satisfactory as the myocardial uptake was much less than
that seen with freshly prepared TBI studies with " T c
HMPAO.

HMPAO, synthesised in collaboration with Bio-
Organic Division and BRIT, was labelled with """Tc
with high yield and excellent radiochemical purity. The
biodistribution studies done in rats, rabbits and dogs as
a function of time showed cerebral concentration of 2% at
30 seconds and remained there upto 4 hrs. These results
are encouraging and will soon be taken up for clinical! trials.

In an attempt to develop clot localisation with
"•"Tc-HMPAO, platelets from rat blood were purified
and the labelling efficiency achieved was 45-55% with 90%
viability. Attempts are being made to improve the
labelling efficiency. Leucocytes were labelled with
efficiency of 70% and viability greater than 95%.

For visualisation of adrenals, MIBG was labelled
with 1 3 1I with an efficiency of 95%. The labelled
compound was stable at room temperature and -30°C.
Extensive biodistributionstudies in rats, rabbits and dogs
and autoradiographic studies indicated that the
compound specifically localised in adrenal medulla.

Studies were carried out on 100 medullary carci-
noma patients with 9 9 mTc V DMSA to detect the meta-
stases in lymphnodes and bones. About 85% of the
patients showed localisation in metastatic areas and serial
studies in these patients has proved valuable for the
efficacy of treatment.

Apart from the routine studies, newer radio-
pharmaceuticals are being developed for different
diseases. In order to assess the function of adrenals,
m-(131I)-iodobenzylguanidine was successfully radio-
labelled with 131I by an exchange reaction, purified
chromatographically and converted into liquid (i.v.)
parenteral form. The compound was found to be stable
at -35°C when formulated without any added preser-
vatives/bacterio-static agent. After establishing its
chemical integrity extensive studies have been carried out
in animals for toxicological and biological evaluation and
the product is now awaiting clinical trials.

Sucralfate is a compound which is used for
therapeutic management of gastric ulcer. It is believed
to protect the ulcer, site from acids, pepsin, etc. The
"Tc-sucralfate has a diagnostic potential to identify
gastrointestinal ulcers. The drug has been labelled

under optimised condition and extensively evaluated lor
physico-chemical properties. It is formulated in a solid
dosage form and is found to be stable in vitro. These
ulcerated animal models (rat and rabbit) have been
developed as aid to study the kinetic behaviour of the
compound. The animal studies indicate that the labelled
drug is stable in-vivo also.

Clinical trials have been initiated in patients
by introducing (i) the in-vitro labelled compound and
(ii) by preparing labelled compound in-vitro, i.e. oral
administration of thecoldsucralfate followed by " T c O ^

Synthesis of S.benzoylmercapto-acetylglycine was
undertaken. This is a potent ligand that is capable of
bonding with " T c The resultant 99mTc-MAG3 is
currently the agent of choice for evaluating renal dynamics
related to tubular secretion. The 'cold' product inter-
mediate was prepared starting from glycine by employing
a multistage synthetic work-up. Experiments arepresently
underway to label the ligand with ^ T c and to formulate
it into a 'kit' form so that the final product could be
obtained in a high degree of purity.

In order to understand the basic mechanism under-
lying damage to the liver, several approaches were made.
Todelineate whether acute phase proteins are synthesised
byhepatocyteor kupffer cells, an animal model in rat was
developed using ricin, which is a protein from castor seeds
and is specificallyioxicto kupffer cells. At an appropriate
dose of 1.25 0g/lOOB.W. ricin destroys 60.70% kupffer
cells while sparing hepatocvtes. The acute phase responses
(APR) as indicated by '4C-amino acid incorporation
into seromucoid and fibrinogen, the two typical
acute phase proteins, was lower than that observed with
turpentine treatment which is a known potent inducer
of APR. The effect of the combination of ricin and
turpentine was not additive. Kupffer cells appear to
play a permissive role in APR through mediators like
hepatocytes stimu-lating factor.

Biokinetics of "mTc-labelled compounds in
an animal model of liver cirrhosis was evaluated.
The mechanism and behaviour, under pathological
conditions, of radiopharmaceuticals, 99mTc-S-Colloid
and "mc-Phytate were evaluated for liver and spleen
localisation in CC14 induced cirrhosis in rats. In general,
in cirrrhosis, the liver uptake of radiopharmacemical
was reduced and that in the spleen was increased.
This trend was more prominent for S-Colloid than
for phytate.
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The biological half-lifeof Tc-label led radiophar-
maceuticalswas evaluated by spiking the preparations with
long lived *Tc **"Tc S-Colloid preparation had a longer
half life of 16.4 das compared to 6.5 d obtained with
phytate preparation. The difference in t'x biological half
life of these two colloidal preparations appear to be due to
1) particle size, 2) binding to blood components,
3) propensity towards specific different cell types in
the liver, and 4) redistribution of radioactivity in the
spleen.

Malic enzyme (ME) activity in rat brain and
liver during development stage from neonatal to adult was
evaluated. Cytosolic ME is one of the lipogenic enzymes
involved in thedenovosynthesis of fatty acids. The precise
role of ME in affecting thyroid hormone action at the
cellular level is poorly understood. Although hepatic ME
activity is a measure of increased thyroid hormone action,
adult brain ME does not respond to thyroid hormones.

Hepatic ME levels were detected only on 20th day
afterbirth and this activity is increased to maximum during
20-30 days after which it remains constant till 60 days and
then declines to that of adult values. The observed rise in
hepatic ME activity is coincided with the period of active
lipogenesis. Alternatively this is the time when neonates
start eating solid diet which may be a nutritional effect.
The observed fall in the hepatic ME activity at a later period
may be the influence of sex hormones.

ME activity in the brain is detected in the foetus
and it is increased gradually to adult valuesby SQdays after
birth and then it remains constant. Malic enzyme seems to
be needed in the brain duringfetal lifeas well as throughout
the life span. This may be due to the fact that ME is
involved in fatty acid synthesis. There may be continuous
turn over of lipids in the brain for which fatty acids are
needed.

Rat hepatic ME seems to be °ex dependant as well
as its response to thyroid hormone is also sex dependant
while brain ME seems to be independent of sex. Rat
hepatic ME is observed to be under the control of nutrition
while no such control is observed with brain ME.

Calcium metabolism studies were also conducted.
Analysis of calcium (Ca), phosphorus (P) and magnesium
(Mg) is carried out in selected group of patients with the
thyroid dysfunction to assess their Ca-status, and advised
accordingly to regularise the intake of Ca in their diet.
Some ofthe selected patients have also been screened for

their bone turnover by determining their drculatingleveb
ofOsteocalcin, a bone marker. Simulated animal models
of human disease are being regularly studied to ascertain
the influence of extra-skeletal disorders on calcium
homeostasis.

Quite a few patients of thyroid cancer develop
severe hypocalcemie tetany after total thyroidectomy
followed by radioiodine treatment These patients need
to be put on large amounts of Ca along with vitamin D.

Preliminary studies in a simulated animal model
of severe hypocalcemia have revealed about the
difference in the bio-availability of Ca to the in-vivo
system from the different Ca compounds, varying in their
Ca content. Some patient-trials have been undertaken to
assess the Ca status of these hypocalcemia patients, after
being put on high Ca-containing compounds, orally,
instead of regular Ca-Sandoz tablets (calcium gluconate
containing only 9% Ca).

Calcium status in lactating cows was estimated at
Veterinary College, University of Bombay, Bombay.
Samples of milk and plasma are analysed for Ca/PE levels
in the cows at early, mid and late lactating stages.

Secondary changes in Ca-metabolism are known
to occur in the thyroid disorders. Recently the
altered hepatic function in vit. D deprived animals was
demonstrated. This led to examining the state of the
thyroid function in the altered vit. D status. Preliminary
results suggest that there could be an impaired absorption
of dietary iodine in vit. D deprived rats. In fact Vit. Ddoes
influence the intestinal transport of quite a few essential
nutrients.

Role of calcium in the modulation of antioxidant
defence mechanism was evaluated. Increased lipid
peroxidation and reduced levels of antioxidant enzymes
(Superoxide dismutase -SOD andglutathioneperoxidase
GPX), have been observed in vit. D - deficient rats. These
rats also have altered hepatic function associated with
histopathological changes in the liver. These hypo-
calcemic (vit. D-deficient) rats were brought to normal
calcemic status by feeding high Ca-diet. This resulted
in normalising the levels of lipid peroxidase and anti-
oxidant enzymes. The results suggest that Ca has some
definite role to play in mediating the antioxidant defence
mechanism. The present study demonstrates the relation-
ship between vit. D and the antioxidant defence system in
the liver and involvement of'Ca' in it.
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Medicine in genera] has accepted the orientation
of nuclear medicine towards functional chemistry and a
new era of human biochemistry - the biomedicine is
emerging, it deals with the altered physiological state
of the patients, to be examined for the scinti diagnostic
purposes, after being administered with the radio*
Pharmaceuticals.

The radiopharmacological behaviour of the
hepatobiliary, RES and skeletal agents in the simulated
animal models of thyro-parathyroid dysfunction was
investigated. The results suggest that many so-called organ
specific "mTc-radiopharmaceuticals could have more
than one target tissue/organ system for accumulation.
Efforts are underway to design organ specific radio-
pharmaceuticals with positive localising properties in
selc-t target or secondary targets.

Role of calcium in the modulation of skeletal
propensities of 99m-Tc-Phytate was estimated. This
radiopharamceutical is extensively used at the centre in a
variety of patients (<20,000) for the last 14 years, for
imaging primarily the liver and to a lesser extent, spleen
and bone marrrow. Despite being a compound with
phosphatic moieties, it does not concentrate in osseous
tissue, following i.v. administration. However, it was
observed that significant accumulation of 99m-Tc-phytate
occurs in vit. D-deficient animals with concomitant
decrease in the liver uptake. The probable role of Ca
influencing the skeletal propensity of 99m-Tc-phytate was
considered since these animals were hypocalcemic. These
animals were brought to normocalcemic level by feeding
extra Ca in their diet or substituting vit. D. 99m-Tc-Phytate
uptake by the bone reverted to normal when the circulating
levels ofCa returned to normal, thus confirming that Ca
does play an important role in modulating the skeletal
uptake of 99m-Tc-Phytate.

A major difficulty concerning the use of potassium
iodide (KI) as an effective blocking agent for the
radioiodine uptake by the thyroid is the hygroscopic
nature of this compound and short shelf life. A study was
therefore designed to assess the suitability of potassium
iodate (KIO3), as it is a more stable compound and has a
better shelf-life. The pilot study in the animals suggest
that KIO3 is as effective as KI in blocking radioiodine
uptake by the thyroid glands.

Research activities related to infectious diseases
were continued. A simple dot blot ELISA technique has
been developed for the detection of antigens of Myco-

bacterium tuberculosis (MTB) using monoclonal anti-
bodies. The test involves ihe spotting of processed
sputum samples on nitrocellulose paper and reaction
with monoclonal and poryclonal anii-TB-antibodics.
followed by enzyme conjugates and subsequent detection
ofenzyme activity with a chromophore. The test is simple,
specific and sensitive, though semi-quantitative. Using
this test 80% of the smear positive sputum samples were
found positive for antigen presence.

In an attempt to increase the detection rate of
tuberculosis in biological samples, several approaches
were made to develop reagents specific for tuberculosis.
Earlier studies using monoclonal antibody (HGT3)
approach has shown a 38 kd protein specific for tubercle
bacilli with a minimum cross reactivity with other
mycobacteria. Thus, attempts are made to develop
sensitive tests for detection of 38kd protein or antibody
in biological samples.

A genomic library of MTB in gt 11 after expressing
in appropriate vector was screened with HAG3 for
presence of 35 kd protein. Using this approach 10 plaques
reacting to HGT3 were selected, DNA extracted and doned
into plasmids. These clones are being evaluated for
screening of the test specimen.

The MAb HGT3 specific for 38 kDa protein was
injected into rabbit to raise idiotype antibodies which
mimick the 38 KDa antigen. These idiotypes are being
purified from the serum for its subsequent use in sample
testing.

A nerve antigen assay has been standardised to
evaluate the diagnostic and management potential of
detection of nerve antibodies in seraofindividualsaffected
with leprosy. It appears that the presence of antibodies
to nerve is of little diagnostic value in differentiating the
disease.

An inhibition assay for detection of antibodies to
35kd protein antigen of leprosy has been standardised
using monoclonal antibodies (MLO4) to 35k proteins.

1495 children from a school in Dharavi area have
been evaluated for presence of leprosy, using: l)Iepromin
test, and 2) detection of antibodies to ND-BSA on blood
samples collected on filter paper. Among these children
166 (11.1%) were lepromin negative, and 122 (8.2%)
showed positive reactivity for anti ND-BSA antibody.
7 children were found to have developed the disease later;
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whereas in a follow up of 624 children for 1 year, 2
children were found to develop the disease later. The
predictive value of the two parameters when combined
together was 11.1% whereas that of anti ND-BSA
antibodies alone was 33%.

Development of free hormone assays and their
applications were continued. The methodologies used for
estimating thyroid hormone levelswerechosenbecauseof
their sound physico-chemical basis. The validity of these
methods, in practice, were further supported by the results
of a study where free hormone estimates were compared
with theoretically derived estimates in a very large group
of patients selected without any prior criteria. The
theoretical estimates were obtained from formulations
using the macxo partition functions of the thyroid
hormones binding protein in circulations. Very significant
correlations wereseen between thefreehormoneestimates
obtained by our methods and the theoretical estimates
showing the validity of the methods.

Tyroxine binding globulin, the major thyroid
hormone binding protein in circulation influences the
total thyroid hormone estimations significantly and
variations in this protein sometimes lead to total
hormone estimates that are clinically misleading. A
radioimmunoassay for thyroid globulin is being
standardised and as a prerequisite, this protein from
serum has been isolated and has raised antisera against
it. Work is underway to make a pure preparation of
this protein for labelling with "5 l and using in a
radioimmunoassay.

Grave's opthalmopathy is frequently observed
amongst thyrotoxic patients, and it is suspected that auto
antibodies to acetyl choline esterase cause the clinical
features seen in this disease. Aradioassay to estimate
the levels of acetyl choline esterase antibodies in these
patients is being developed to see if they correlate with
the clinical findings. Antisera to the enzyme has been
raised in rabbits for use as a reference standard as well as
for histological studies of eye muscle that are now planned.

The technique for the measurement of concentra-
tions of free thyroxine in serum wasset up. This technique
involves the use of column chromatography and total T4

RIA kit supplied by BRIT. Total and free thyroid
hormones were studied in thyroidal and non-thyroidal
disorders. The project was undertaken in collaboration
with Artificial Kidney Department of KEM Hospital,
Bombay, so as to study the thyroid status of the patients

with different degree of renal damage, prints oa
chronic nemodiafysis and after successful reaal trans-
plantation. A total number of 191 patients lave beea
studied. Several parametersliketotalTj, toulT^freeTj,
free Tj, TSH and T3-charcoal uptake ratio have beea
measured in these patients. Concentrations of thyroid
hormonebindingproteins, viz. thyroxine binding globulin,
thyroxine binding prealbumin and albumin are also
being studied. The serum TSH concentrations were also
measured by using ultrasensitive immunoradiometric
assay.

A panel of monoclonal antibodies MoAbs to
human tg has beengenerated to l)elucidatestructureand
function of tg in various pathology of thyroid, and 2)
radioimmunoscintigraphy. Five clones (E10> Mj, MJQ,
M12, H]Ol) directed towards different eiptopes of tg
molecule have been affinity purified and characterised.
Ej 0 is radiolabelled and is now undergoing rigorous
quality control for its subsequent use in immunoscinti-
graphy. AlltheseMoABsdonoi react with T4, T3, human
gamma globulin and acetyl choline esterase which share
determinant ontg molecule. However, H10I is directed
towards conformational epitope which loses its reactivity
on denaturation or reduction.

Polyclonal rabbit anti-h-tag antibodies have also
been affinity purified and radiolabelled. This labelled
antibody is being evaluated for its pyrogenicity and toxicity
in animals.

Several antigens such as thyroglobulin, thyroid
peroxidase and TSH receptor are involved in autoimmune
pathology of thyroid disease. Using MoAb produced in
the laboratory, it was tried to characterise the epitopes of
tg involved in natural and pathological anti-tg-antibodies.
Data show that the avidity of both the types of antibodies
for tg is comparable. Also the epitopes involved appear to
be similar except for the increase in the titres in
pathological conditions. In order to identify TPO epitopes
involved in the various pathology, TPO is purified and
electrophoresed on SDS-PAGE. The sera from various
autoimmune disorders is being evaluated for its reactivity
to the TPO antigen.

Serum ferritin levels were determined by immuno-
radiometric assay in patients referred for thyroid
investigation. Patients were classified as euthyroid,
hypothyroid and hyperthyroid. Thyroid cancer patients
who were clinically hypothyorid and were off thyroxine
were also included as a separate group. The ferritin levels
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in all these patients were compared with those of normal
volunteers. In all 144 thyroid patients were screened for
serum ferritin. In both male and female hypothyroid
patients, serum ferritin levels were significantly lower
compared to respective controls; while only in female
hyperthyroid patients the serum ferritin was elevated
compared to control. The serum ferritin in thyroid cancer
patients were higher than those of primary hypothyroid
patients. In female papillary carcinoma patients with
metastasis, serum ferritin levels were found to be
significantly elevated compared to patients without
metastasis.

In the area of medical physics, BARC Nebulizer
system for Mucociliary function study in smokers and
in patients with chronic obstructive disease (COPD)
was modified. Mucociliary function is a most important
defence mechanism of the respiratory tract for inhaled
pollutant particles. A technique to estimate cilinary
function by giving inhalation of radioaerosols and
observing the movement of boli of radioaerosols in air-
ways by scintillation gamma camera-computer system
was established. To generate required size of particles,
a ne-.v aerosol delivery system was developed. The
efficacy of this system was tested on 25 normal subjects,
25 smokers, 8 asymptomatic smokers and 28 patients of
COPD. The motion as seen on cine mode was linear in all
the 25 normals, whereas smokers and COPD patients
showed either reduced or no motion at all. It appears that
this new technique will be helpful in studying physiological,
pathological and pharmacological factors affecting
cilinary integrity.

The new mucociliary delivery system has been
exported to 10 countries under IAEA's project

Gastroesophageal Reflux (GER) is a common
gastrointestinal disorder. A method to detect automati-
cally and reliably small and well developed GERs by
scintigraphic technique was developed. The digital signal
was generated by rinding average pixel values from
the selected oesophagus region, images obtained by
GE gamma camera and DEC computer. The signal was
passed through a low pass filter for noise smoothing.
The smoothed signal was passed through a statistical tests
correlator to enhance signal frequencies. A number of
patients were studied using this technique and the results
were encouraging.

Urease in the human gastric mucosa is a marker for
infection with 'Campylobacter Pylori', an organism

suspected of causing chronic gastritis and peptic
ulceration. A non-invasive technique to detect Campylo-
bacter Pylori with C-14 urea was established. 370 KBq of
14C-labelled urea was administered orally to the
overnight fasting patients. Respiratory samples were
collected at intervals of 10 min., IS min. and 20 min.
respectively. The exhaled 1 4 CO 2 trapped in Hyamine
hydroxide was quantified using a liquid scintillation counter,
lit 21 patients, the sensitivity and specificity were found to
be 100% and 89.0% repectively.

Evaluation and calibration to check performance
parameters of imaging devices, viz., scintillation gamma
camera and SPECT, werecontinued to be carriedout and
also participated in an IAEA co-ordinated research
programme on 'Advanced Nuclear Medicine Equipment
in Asia'.

Apart from the routine examination, investigation,
reporting and treatment of patients referred for thyroid
disorders and various scintigraphic investigations the
following research projects were under study: a) Evalu-
ation of cardiac dysfunction by gated blood pool imaging
and effect of cardiotoxic chemotherapeutic drugs,
b) Hepatobiliary studies to evaluate enterogastric reflux
in post-surgical complication of gastric pull up.
c) Hepatobiliary scintigraphy in hepatomas. It was
observed that the uptake of " T c - D I P I D A by the
hepatoma was a clear differentiating feature. 9*nTc-
sucralfate was given to 22 patients of suspected peptic
ulcers (duodenal + gastric). The retention of *"frc-
sucralfate at 4-6 hours as a focal concentration was
considered as diagnostic of an ulcer. The false negative
rate was about 30-35% indicating that further evaluation
of this technique is warranted.

Left ventricular ejection fraction in patients with
end stage renal disease treated either by conservative
management, haemodialysis or renal transplant was stud-
ied in about 30 patients.

Comparison of glomerular filtration rate by the
software package available with the ELSCINT gamma
cameras is undergoing validation using creatinine
clearance test in controls and in patients with renal
disorders. In a group of 14 subjects studied, there was
a good correlation obtained by the two methods.

10.8 Radiobiology

Some aspects of effect ofu.v. length on DNA
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structure was investigated. A theoretical model for 10
base pairs long DNA duplex containing a thymine dimer
in the middle showed gross deviations from standard
B-DNAgeometry. Studies on in vitro interaction of u.v.
irradiated DNA with sonicated RNA showed that small
RNA fragments can bind to a pyrimidine dimer site on
DNA in a manner similar to that oftheRNAcofactor
of Phr A photolyase. Restriction enzymes such as Ecorl
and Pvu II failed to cleave the DNA when a pyrimidine
dimer was present at their recognition site and this
property is being utilised to develop a new assay method
for photoreactivating enzymes.

With a view to achieve post-irradiation radio-
protection, indomethacin and ibuprofen, both known
to be anti-inflammatory drugs when administered
intraperitoneally to Swiss mice after whole body exposure
to 6.4 Gy, the survival rate as well as haemopoeitic recovery
were marginally improved. Chloropromazine which is
known to protect animals against whole body irradiation
however, did not show any effect if given after irradiation.
For counteracting long-term radiation effects, sodium
selinite, a known anticarcinogen, was administered at the
rate of2ppm in drinking water for various periods prior
to as well as following whole body exposures to 1 and 4
Gy of ^ C o gamma-rays. It, however, did not reduce
incidence of radiation induced thymic lympoma in Swiss
mice monitored for over two years.

T-cells separated from spleen of tumour-bearing
Swiss mice treated with 5. thermophilus when injected
intravenously in animals, caused rejection of subsequent
fibrosarcoma transplantation. On the contrary, the
T-cells from non-tumour bearing animals treated with
5. thermophilus did not show any effect indicating that
sensitisation of animals with tumour antigens is a
pre-requisite for S. thermophilus mediated cancer
rejection and regression. This strategy is being exploited
for possible protection against radiation induced tumours.

In continuation of our earlier studies on sarcoma
180, it has now been demonstrated that high unsaturated
fat diet containing 20% sesame oil decreased the tumour
growth but at the same time reduced their thermal
response to 4Q°C treatment for 30 mins. This also caused
a decrease in membrane fluidity of tumour cells which is
believed to play a significant role in their hyperthermic
response. The membrane fluidity was measured by

fluoresence polarisation of DPH. No such changes were
however noticed in animals on high saturated fat diets
(20% coconut oil).

One dimensional poryacrylamide gel elecuo-
phoresis revealedcnhancedsyntbesisof66and73kDheit
shock proteins associated with the development of tber-
motolerance reaching maximum at 48 hours after hyper-
thermic treatment at 43°C for IS mins. The 36kD protein
levels decreased under the same conditions. No effect of
dietary fats on the protein profiles was noticed. For such
studies, spontaneous regression of transplanted sarcoma
180 has to be controlled by whole body exposure of
animals with 4 Gy ^ C o gamma-rays prior to tumour
inoculation. Therefore, a radiation induced fibrosarcoma
(RIF-1) has been established in C3H mice as another
tumour model for these studies.

In studies on development of cellular drug carriers,
it was found that hemolysis was significantly reduced when
human erythrocyteswereelectroporated in presence of
non-hemolytic concentrations of alcohols. The protec-
tive effect increased in the order, benzyl > butyl >propyl
> ethyl alcohol and was independent of temperature of
treatment and pulsation. Whereas benzyl alcohol offered
protection even when cells were treated after exposure to
transient fields,aliphaticalcoholswere effectiveonlywhen
present during pulsation. Yeast cells in log phase were
more sensitive to electric pulses than cells in thestationary
phase as observed from survival data as well as uptake of
trypan blue. The degree of pcrmeabilisation was larger on
pulsation at 4°C than at 25°C.

The high voltage electroporator designed and deve-
loped earlier has been technically improved in terms of
automation, pulse length variability, and sample size.

Using True Basic language, a programme for
separating multiexponential decay curves has been
successfully written for the analysis of proton spin-lattice
relaxation (Tj) data on tumours and other biological
systems. A comparison of T t value of water protons in
leaves of ground nut and in vitro protein solutions
indicated highly structured water in tissues. Further
studies on the nature of water protons in these leaves
showed rapid exchange of water between bound and free
states during the process of drying.
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11.1 Technical Information

The BARC CentraPLibrary at present has a collec-
tion of about 8.25 lakhs documents pertaining to nuclear
science and technology. The collection consists 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 Indian and foreign scientific and technical jour-
nals, During this year subscription for 70 journals was
discontinued on the basis of a recent readership survey.
Computerised services of the book circulation continued
to be operational. Inter library loan service was extended
to many libraries. Requests for photocopies of documents
from educational and other R&D organisations were
continued to be met

A detailed 8th Five Year Plan project report on
computerisation of library was prepared so that all the
databases created using PRIME 450 and other databases
could be effectively utilised.

Active participation in the International Nuclear
Information System (INIS), managed by the International
Atomic Energy Agency (IAEA) at Vienna, was contin-
ued. More than 1,000 records were prepared, based on
items of literature on nuclear science and technology
published in India. These were sent to INIS for
incorporating in the database. Processing of the magnetic
tape containing the monthly additions 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 continued to be made
available on the ND computer for retrieval by users at
Trombay. ,

Facility for on-line access to internationally avail-
abledatabases was established through the Packet Switch-
ing Facility of VSNL. This on-line access facility is being
widely used.

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

The CD-ROM equipment commissioned earlier was
extensively used for evaluating various trial CD-ROMs
sent to BARC for assessment and for retrieval of infor-
mation from INIS trial CD-ROM which contains INIS
database for a period of 21/2 years. The Powder Diff-
raction File (PDF-2) CD-ROM produced by JCPDS,
procured by BARC, is also being used by many
scientists.

A total of80reports, 53externaland 27internal, on
theR&DactivitiesofBARCwerepublished. Thelibrary
continued to provide photographic xeroxing and printing
services to various divisions and constituent units of DAE.
Photocopy services werealso provided tooutside users on
specific requests.

A numberoftechnicalandscientificbrochuresand
booklets were brought out, which included "Thirty Years
of Cirus and Five Years of Dhruva". Besides, the regular
publications, *BARC Newsletter', 'Nuclear Newsletter1

and'BARCHighlights'werealsopublished. Afewarticks
highlighting some of the major R&D work done by BARC
were prepared and published in reputed Indian and
foreign journals.

About 200 articles in different foreign languages
such as French, German, Italian, Japanese, 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 of translated
articles at the National Science Library, New Delhi.
Interpretation services were also provided on request.

Services in photography, reprography and video-
recording were continued to be rendered not only to
BARC but to other Bombay-based DAE units as well.

11.2 Industrial Safety

Periodic inspection of DAE units under the
Factories Act was continued. Inspection visits were made
to Heavy Water Plants at Talcher, Hajira, Tuticorin and
Kota, Nuclear Power Projects and Plants at Kakrapar,
Narora, Kota and Kalpakkam, NFC, UCIL,ECIL,VECC
and CAT. Inspection reports in all the cases have been
submitted to the plants concerned and corrective actions
have been initiated by them. In mostofthecases inspection
reports were also submitted to AERB.
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A method of cooling allyl chloride a (highly toxic
liquid chemical having boiling pointof45°C) was devised
by using solid carbon dioxide to transfer this chemical
from drum to other safe containers. A paper entitled
'Database Management for Accidents/Diseases happen-
ing due to Occupation'was circulatedamongst all units of
DAE. This was followed by 6 half-day workshops for
various groups depending on the activity, namely power
production, heavy water production, mineral processing,
fuel fabrication, research and development. A final
implementation document based on thediscussions at the
workshops and comments received is finalised and will be
circulated amongst the units. This document takes into
account the provisions of the Factories Act, 1948 and
relevant Indian Standards. Work on a similar document on
man maintenance is continuing and the document will be
brought out shortly.

Patalganga project of the Reliance Industries
wanted to route their underground pipelines carrying
naptha and kerosene from refineries to Patalganga
through Anushaktinagar. A preliminary study was carried
out of the route and the safety problems involved and a
report was submitted to Trombay Township Project
Committee. In addition it was suggested that the existing
HPCL and NOCIL pipelines also be diverted and all
pipelines be in one corridor on the periphery of the colony
rather than passing through the colony. As a part of the
Inter Agency Project participation in studies regarding
statutory requirements and risk in Thane-Belapur Indus-
trial Belt is continuing.

11.3 Contributory Health Service Scheme (CHSS)

The CHSS, at present, covers 70,600 beneficiaries.
BARC Hospital and the 10 peripheral dispensaries contin-
ued to extend therapeutic and diagnostic facilities to the
beneficiaries and 4,81,104 patients have been treated in
these dispensaries during this year. A new dispensary at
Andheri is being planned and is expected to be operational
soon.

The bed strength in the BARC Hospital continues
to be 192, including 23 beds in special areas like Labour
Room, Casualty and Pre and Post operative rooms. A total
of 6247 patients were admitted in the hospital and 2056
surgical (incuding ENT and Opthalmology) and 1533
gynaecological operations were performed during the
year. Attendance in the outpatient departments, the
various units and laboratories of the hospital was as
follows: OPD67.640; PsychiatryOPD 6,034; DentalOPD

20,975; Pathological investigations 1,42241; Radiological
investigations 16,651; Medical social service 16331.

In the fully equipped ICCU, Thrombolytic therapy
is given whenever required. Cases found suitable for
baloon angioplasty and bypass surgery are evaluated and
referred to panel hospitals.

Active family welfare programme was continued
during the year. 221 Medical Termination of Pregnancy
(MTP) and 228 permanent sterilisations were carried
out The infants added to the scheme were 761 and tbebirtb
rate amongst the beneficiaries was found to be 10.80 per
1000 as against 11.11 per 1000 during last year. Immuni-
sation facilities are available in BARC Hospital and in all
the peripheral dispensaries and the coverage has been
85%. A special care nursery for care of sick and prcterm
neonates is ready and will start shortly.

The School Health Clinic has been started for the
academic year 1990-1991 covering the children of the
Atomic Energy Central Schools in the Anushaktinagar
campus. Physical examinations, height & weight measure-
ments are taken for growth records and also to detect
variations. Students are also checked for refractive errors,
hearingdefects and any other social problems which might
impair academic performance. A database has been set up
in the Personal Computer for entering the School Health
Data that can be used for the future longitudinal growth
studies.

The School for mentally handicapped has com-
pleted one year of service. At present the school has two
full time teachers, one part time teacher, one ayah and a
Lower Division Clerk. The students are divided into two
groups; viz: Senior Group consisting of children between
13 to 17 years and the Junior Croup consisting of children
in the age group between 4 to 12 years.

The Trombay Dispensary continued its Occu-
pational Health activities and the Accident Prevention
Programme in collaboration with the Industrial Hygiene
Section of the Health Physics Division. Periodic medical
examination and initial medical examinations are carried
out on a regular basis.

A Wipro Landmark II computer system has been
installed in BARC Hospital for information storage and
retrieval of patient data. The Hospital Management
System is being planned on lines similar to that of Tata
Memorial Hospital.
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11.4 Human Resources Development

Regular weekly seminars were arranged at NRL,
Jammu. An exhaustive series of lectures on computer
programming were also arranged for the benefit of the
members of laboratory staff and'others from the local
collegesandschools. Hindi day was celebrated on October
10,1990.

Human resources development has been a very
important activity of BAR C and one of the efforts made in
this regard is to select young scientists and engineers and
train them for one year, at B ARC Training School. Their
selection was hitherto done on the basis of interviews.
During this year, an objective type written test has been
introduced as a screening aid.

The 33rd batch of Training School, consisting of
171 orientation and 35 in-plant trainees, successfully
completed their training and were absorbed in various
units of the Department of Atomic Energy. 34th Batch of
Training School commenced their training in September
1990. 136 trainees in orientation course and 23 under
in-plant scheme are undergoing training at present.
In-plant training scheme for Nuclear Fuel Complex,
Hyderabad, was started. This scheme is expected to
provide trained engineers for the future requirements.
In-plant trainees are given basic training courses at the
centre and also on-the-job training in the plants.

The Process Control Trainer Laboratory, set up
and started in early 1990, has provided hands-on
experience to staff members from BARC, NPCIL, HWP
etc. This facility has been used by trainees for obtaining
practical experience.

Liaison support for engineering college students
for their summer training and project work was continued
to be extended. Liaison support to other government
departments in providing experts from the Centre for the
selection and assessment of staff was provided and
co-ordinated in DAE. An essay contest for college
students and appreciation course in nuclear technology
for faculty members of engineering colleges were held.

Dhruva reactor has been declared as a National
facility open to all researchers in India. As part of
achieving improved and effective utilisation of this facility
by the Universities, a course on "Neutrons as probes of
condensed matter" was held at the University of Coa

duringApril-May, 90. A special feature of this course was
the week long programme at Dhruva reactor on experi-
mental techniques.

Two courses of about one month duration were
conducted during the year for imparting training in
radioimmunoassay techniques and their applications.
About 20 medical and paramedical personnel attended
each course. The course is intended to help in staffing
laboratories which can provide RIA services all over the
country. Two training courses in Industrial Radiography
and Safely Aspects (IRG-1) were conducted in collabora-
tion withBHEL, Tiruchirapalli and Hindustan Shipyard
Ltd., Visakhapatnam. Sixty one persons in all were
certified as Site-in-Charge in these courses. An IAEA/
RCA/DAETrainingcourse of 2 weeks duration in isotope
techniques in hydrology was conducted in BARC and
NGRI, Hyderabad (1 week). Twelve participants from
RCA countries attended the course. An UNDP/IAEA/
RCA National Executive Management Seminar on
Electron Beam Application for Cross-linking of Cable/
Wire Insulation was also held.

10 DRM and 4 DMRIT students successfully
completed the one year postgraduate programme. One
additional student for DMRIT was from Ethiopia under
an IAEA fellowship programme. One medical doctor
from Bangladesh underwent one year training programme
in Radiation Medicine Centre (RMC) under lAEAfellow-
ship and one technologist from Nigeria was trained for 6
months. Lectures were given to M.Sc.(Biophysics) and
bio-medical engineering students of Bombay Univeisity
on nuclear medicine techniques. The students of DRP
underwent a 3 weeks programme of apprenticeship and
lectures at RMC and an apprentice programme was con-
ducted for students of M.Sc.(Medical Physics) of Anna
University, Madras.

The following workshops and conferences were
organised in radiation medicine: (1) Fourth Annual
Conference of Thyroid Association of India, (2) RCM of
the IAEA project "Immunodiagnosis", and (3) Radio-
immunoscintigraphy: Immunolocalisation with Radio-
labelled Monoclonal Antibodies.

A Symposium on Advanced Remote Handling
Systems and Automation for Nuclear Installations was
organised for the benefit of the various units of DAE,
academic institutions, R&D establishments and the
private sectcr organisations. *
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BARC participated in the deliberations of the
Western Regional Working Group and Task Force on
Robotics and Automation.

A one day seminar on Health and Safety and
Tailings Pond Protection in U Miningand Milling was held
to celebrate the 25 years of Health Physics services at
Jaduguda.

Radiation protection training forO&M personnel
of different levels was conducted.

A number of training courses and lecture pro-
grammes were arranged for the benefit of employees of the
research centre and outstation units of DAE and for the
trainees. Lectures on toxicity, metabolism, effects of toxic
chemicals and tolerance limits were also given to the
students of the Diploma Course, Bombay University.
A Workshop on 'Safety Legislation and its Implementa-
tion'and courses on 'Accident Prevention and Promotion
of Occupational Health and Safety1 were conducted.

The first batch of 28 Health Physics trainees
successfully completed the one year training course on
health physics held atTarapur and all the trainees have
been absorbed at various nuclear power stations and
laboratories. A three-week training course on Radiation
Protection and Occupational Health was conducted for
medical doctors. Thirteen DAE doctors from Tarapur,
Kota, Kalpakkam, Narora, Kakrapar, Jaduguda, Hydera-
bad, Chatrapur, Udyogmandal and Bombay, attended the
course. Two short term training courses on Management of
Off-Site Radiation Emergencies for public authorities
and medical doctors of district hospitals, were held at
RAPS, Kota. Under the IAEA fellowship programme, one
scientist from Iran was trained for 3 months and another
from Vietnam for 1 year. A scientist from Syria visited the
laboratories of Health & Safety Group for 3 months under
Indo-Syrian co-operation programme on peaceful uses of
atomic energy. Under qualification incentive scheme, the
health physicists posted to both research and power
reactors and fuel reprocessing plants to provide health
physics coverage are required to be certified. Twenty
health physicists successfully completed all the tests and
examinations stipulated under the scheme and were
certified. Forty five health physicists were requalified
after completing the term of 3 years by the assessment
committees.

As a part of the National Co-ordination of Testing
and Calibration Facilities (NCTCF) programme, a work-

shop was organised for the assessors ia Radiological
Testing, and expertise was provided in assessing the
laboratories for radiological measurements.

Training programmes inthesafensesofradiatioa
sources were continued. The following cowses were
conducted : 2 courses for industrial radiography aid
radiation safety, one course for research applications of
radiation sources, one course for useof gaseous H-3 light
sources, 4 courses for applications of nudeonic puges, 2
refresher courses for radiography personnel, 4 courses
for the certification of radiographers and 2 courses on
quality assurance and safety aspects of diagnostic X-ray
equipment. In the above courses, more than 450 workers
were trained in radiation safety aspects. Mstudents were
admitted to the 29th one year post-graduate diploma
course in radiological physics. Scientists from SriLanka,
Iran, Tanzania and Syria were trained in radiation
protection and dosimetry aspects.

The totalstaff strength of Bhabha Atomic Research
Centre as on December 1,1990was 13,601 comprising of
3,912 Scientific, 6,194 Technical, 1,205 Administrative
and 2,290 General Maintenance and Auxiliary staff.
During the year about 140 Scientists were deputed abroad
for participation in International Conferences, Symposia,
Meetings, etc. and for specific government work and 24
scientists were deputed abroad forscientificvisit/training/
study tours under the aided schemes and 20 scientists
were deputed under bilateral agreements. The services of
5scientistswereplaced atthedisposalof IAEA on foreign
service terms for assignment as experts. lOscientistswere
granted EOLfor post-doctoral work abroad. Under the
collaboration scheme between BARC and IITs/IIScs.,
Bangalore for training of Scientists/Engineers of BARC in
specialised post-graduate courses leading to award of
M.S/M.E./M.Tech. degrees which was commenced in
1971, and continued during the year under review, 54'
Scientists/Engineers have completed their training so far
while 4 are still undergoing the course.

Thirty Indian universities have so far recognised
BARC as a centre for post-graduate studies in various
disciplines. 134 scientists in this centre have so far
been accorded the status of university teachers for
M.Sc. degree; 12 scientists have qualified for the award
of Ph.D. degree and 9 scientists for M.Sc. degree.
Under the collaboration scheme between BARC and the
University of Bombay, 50 students of Bombay University
are presently doing research work leading to Ph.D.
degree.
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The centre continued to provide training facilities
to foreign nationals under f^iAEA Technical Assistance
Progamme and various collaboration agreements. BARC
offered facilities for training under the IAEA Fellowship
Scheme to 7 Scientists from Bangladesh, 6 from Vietnam,
2 from Tanzania and one each from Sri Lanka, Tunisia,
Nigeria, Indonesia, China, Syria, Iran, Malaysia, Ghana
and Sierra Leone.

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 their unforseen misfortune like prolonged leave
without pay, death, etc. Financial assistance is also
extended towards purchase of hearing aids, nutritious diet
to T.B./cancer patients, purchaseoftext-books,tuitionfees
and travelling expenses for the school going handicapped
children of the members of the fund. The main financial
sources of the fund are donation, life membership, sub-
scription from members and grant-in-aid from govern-
ment. The membership of the fund is open to the regular
andFTA employees of BARC, DAE and its constituent
units stationed in Bombay. The total membership of the
fund is now more than 4,400. An amount of Rs 5,000/- has
been donated to the special school being run in the
Training School Hostel for mentally retarded children
towards initial expenses.

The transportation of around 12,000 employees to
and fro their work places from 24 rallying points in Greater
Bombay, Thane and New Bombay was continued. Trans-
port facility for other DAE units, viz.,HWB, C&S Group,
DEM, DPS, AERB located at Vikram Sarabhai Bhavan
and also transportation of DAE Secretariat staff located
at Anushakti Bhavan, comprising of a total of about 800
employees was also provided. In addition, transport
requirements in connection with various national and
international conferences, symposia, etc. organised at
BARC were also taken care of. Planning and manpower
programming for operation of around 350 vehicles, buses,
trucks and light vehicles were done besides conducting
training programmes and refresher courses for transport
staff. Employee-counselling and welfare activities such as
yoga classes were introduced to enable drivers to utilize
their leisure hours fruitfully. Centralised procurement of
vehicles as well as condemnation of vehicles for BARC at
Trombay, Tarapur and Kalpakkam were also carried out.

A Traffic Safely Seminar was organised during April
1990, for the benefit of the drivers and other motorists in

BARC A series of lectures byofficersof Larsea&Toubro
Ltd. and Bombay Police were arranged. Traffic Safety
Silver Medals were awarded to 8 drivers with accident-free
records, with a view to encouraging BARC driven to
practise better traffic culture and greater sense of road
safety. A one-day Seminar on Petroleum Conservation
was held in coordination with the Petroleum Conserva-
tion and Research Association (PCRA), with a view to
creating an awareness amongst the drivers and motorists
about the need for conservation of petroleum products.

Supervision and maintenance of 7 Urge-scale
co-operativecanteens, one departmental canteen and two
tiffin rooms, in addition to five canteens and 13 tea
pantries run by the contractors were carried out Consul-
tancy services were also provided to other DAE units in
this aspect. The expenditure towards payment of various
subsidies to the co-operative canteens and tiffin rooms is
estimated at Rs 45,00,000/- besides Rs 1,00,000/-towards
maintenance and repairs. The working of the co-operative
canteens is well-monitored and timely action is taken to
plug deficiencies with a view toachievingthedesiredgoal
of providing wholesome food to employees at subsidised
rates. A Catering Workshop was organised, andaseriesof
lectures were given in the Seminar by Professors of the
Catering Institute, Bombay.

Around 22,000 departmental dak articles were
handled per day for delivering them to their destinations
in Trombay and city areas, besides around 1100 postal dak,
55 telegrams, 75 telexes and a few speed-post articles per
day. Domestic travel bookings, billing, cancellations,
scheduling ofairbookings,etc. were done. On anaverage,
2250 air tickets are booked in a year. Maintenance of
around 1230 English typewritersandll5 Hindi typewriters
in Bombay and Tarapur was carried out satisfactorily
besides initiating timely action for replacement/procure-
ment of the typewriters well in time.

Public relations activities such as arranging visits,
organising symposia/seminars/ conferences/ workshops
and assisting the Department for production of films by
arranging photography and also receiving the visiting
scientists and delegations from international organisa-
tions were carried out. The total number of visitors
including Heads of States, Ministers, Parliamentarians,
Indian and Foreign Diplomats, High Government
Officials, Visiting Professors, Foreign Scientists, Defence
Personnel, members of the scientific and technical institu-
tions and students of schools and colleges were around
5000. The Honourable Winston Dookeral, Dy. Prime
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Minister of Trinidad & Tobago, H.E. Mr Qian Qichen,
Minister of Foreign Affairs of the Republicof China, and
Mr R. Urbain, Minister of Foreign Trade, Belgium are
some ofthe W I P s who have visited this centre. About 40
National and International Seminars/Conferences/
Workshops/Symposia were organised.

The General Services Organisation, BARC,
Tarapur, looks after the common facilities needed by
various plants/facilities of BARC at Tarapur. The
common facilities include housing, canteens, commu-
nications, maintenance of the estate, civil, electrical and
mechanical maintenance, landscape and cosmetic
maintenance, departmental transport including garage
facilities, fire services, etc. The maintenance work ofthe
BARC Staff Colony consisting of 1021 quarters has been
carried out satisfactorily. The Centralised Fire Station,
Tarapur, has been attending fire calls both for BARC and
TAPS. Construction of a separate primary school in
BARC Staff Colony has been completed. The installation
ofa200-lines EPABX electronic exchange in the BARC
Staff Colony is under progress. Five bore wells have been
digged and commissioned for providing water supply to
gardens and lawns in the housing colony.

The transport services have been working
satisfactorily. Arrangements for accommodation and

other facilities nave been nude for the stipcndary
trainees recruited for training at HP Lab., WMDand
PREFRE at Tarapur. The Vltb DAE Inter Units Sports
Meet for Tennis event was held at TAPS Colony, Tarapur
during the period October 6-13, 1990, wherein the
required assistance such as transportation, canteen
facilities, etc. was provided.

US Landscaping

Landscaping/rejuvenation of gardens was done by
planting different trees shrubs, ground covers and lawn
grasses in approximately 14,500sq. m. area of Anushakti-
nagar, Mandala and BARC. About 1,75,000 saplings of
various tree species were planted and 50 kg seeds of
different tree species were sown on Trombay hills for
afforestation. Landscape plans for various units of DAE
were prepared. Maintenance of gardens, arbors,
orchards, afforestation, etc. in Trombay, Anushaktinagar
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 including incineration of garbage
and pest control operations in Trombay, BARC Hospital
Complex, Training School Hostel, Radiation Medicine
Centre, Directorate of Purchase and Stores, Vashi
Project, etc. were also carried out
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