
Government of India
Bhabha Atomic Research Centre,

Trombay, Bombay-400 085.
I M S - . T . f - - 1

<0*'

APRIL, 1987



THE ORIGINAL DOCUMENT FROM WHICH THIS MICROFICHE

WAS MADE, WAS FOUND TO CONTAIN IMPERFECTIONS

OX THE FOLLOWING PACES,, 79, 80, Hi and «•"). THE

IMPERFECTIONS CONSIST OF A DOUBLE PRINT AND, THEREFORE,

IN THIS CASE WE CANNOT CONSIDER THE MASTER

MICROFICHE AS A TEMPORARY MASTER. THANK YOU FOR

YOUR UNDERSTAND INC'.



BARC
Highlights 86

Government of India.
Bhabha Atomic Research Centre,

Trombay, Bombay-400 085.



Published by Library Information Services Bhabha Atomic Research Centre, Trombay, Bombay-400 085.

iv "KM .11 Sudarshan Art Printing Press Bombay-400 031



FOREWORD

BARC is engaged in a wide spectrum of activities from basic research to
production technology. This is imperative as it has to meet large and
multifarious objectives like providing R & D backup to the entire nuclear fuel
cycle, production and applications of radiations and radioisotopes,
generation of advanced technologies, radiation protection, et cetera.
A publication highlighting the activities of an inter-disciplinary Centre like
BARC has, therefore, to carry a lot of information on diverse topics. It is,
hence, not easy to bring about a high degree of cogency in such documents,
specially when they are in a condensed form. On the other hand, it is
necessary to highlight the woi k in the frontier areas with a view to
communicating with the international community of scientists.

The concept of frontier areas itself is rather subjective. Looked at
from the point of view of a scientist in the developing world, even a locally
fabricated equipment operating reliably is a kind of an innovation. While
basic principles in science are widely known, sophisticated research tools are
not easily available in the Third World. It is here that BARC has made
important contributions, employed the latest tools and kept both science and
technology in the regime of international standards.

BARC Highlights attempts to collate information on some areas in basic
science as well as applied technology in which BARC has acquired
considerable skills. It is illustrative and by no means an exhaustive list of the
accomplishments of this Centre. However, it is hoped that the international
community of scientists will be able to see the breadth of these activities
along the cutting edge of science and technology. The multi disciplinary
approach has, over the years, given this Centre the capability to develop
advanced technologies and act as a cradle for nurturing new ideas. Some of
this work will positively have far reaching influence on the development of
this country.

Most of this work has been published in international journals and can be
looked up for greater details in subjects of individual interests. The
descriptions here will indicate the multi-disciplinary flavour of the work that
is being done at BARC. This publication should be of interest to scientific
managers, academicians and other professionals who have broad interests
in interactions between science, technology and development.

This is the first time that such a publication has been brought out from BARC.
We hope to complement this information in issues printed in the future. It is
possible that the more visible research work has found place in this
document and the considerable developmental effort, which is the backbone
of our contributions to the Indian Nuclear Programme, may not have been
mentioned here. However, it is not because the latter has less inputs or
priority. Since this document is quite distinct from a work report, research
effort with more scientific appeal has been brought to focus. This is done
with a hope that other schools, both in India and abroad, will let us have the
benefit of their views.

P.K. lyengar
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Neutrons from lightning bolts

]n the early seventies.

I '
laboratory experiments
on high power (1012

watt) discharges through polymer
fibres revealed that 2.45 MeV
neutrons are generated through
the fusion of deuterons contained
in the fibres. In 1973, two
American scientists L.M. Libby
and H.R. Leukens suggested that
a similar process could generate
neutrons in atmospheric lightning
discharges. By comparing the
plasma parameters and the
deuterium concentration in the
lightning channel with that of
polymer fibres, it was estimated
that 1016 neutrons would be
generated in a single lightning
bolt, enough to form a significant
perturbation in the atmospheric
cosmic ray neutron background.
The study of such neutrons would
then be very useful in
understanding the plasma
processes within a lightning
channel in addition to providing
an insight into the possibility of
deuteron fusion at comparatively
lower temperatures available in a
lightning channel.
The first experiment by R.L.
Fleischer in the U.S.A., in 1975,
employing fission track detectors
near lightning arrestors, detected
no significant signal but provided
an upper limit of 2.5 x 1010

neutrons per lightning stroke,
determined largely by the cosmic
ray neutron background tracks in
the detectors. We have recently
employed a neutron detection
scheme with an inherently high
signal-to-noise ratio and obtained
neutron signals from many
lightning discharges generated
possibly through fusion reactions.

Our neutron detection system at
Gulmarg employs 21 BF3 counters
surrounded with paraffin and is
activated by the electromagnetic
signal from a lightning discharge
as detected by an antenna in the
vicinity of the monitor. Neutrons
are recorded sequentially in four
gates of total width 320
microseconds, following the
arrival of the first neutron after
the electromagnetic pulse. In view
of the fact that the cosmic ray
neutron background is negligible
during the 320 microseconds,
detection of ̂  3 neutrons
following the electromagnetic
pulse is considered to be a
neutron signal from the lightning
channel.

During the period May 1980 to
May 1983, we detected 124
lightning neutron events with the
total neutron count per event
varying from 3 to 60. The recorded
time delay between the detection
of the electromagnetic pulse and
the first neutron has varied from
tens of microseconds to fraction
of a second (Fig. 1) and has been
used to calculate the distance
from the detector to the lightning
channel. If the constituent
neutrons are believed to be of
2.45 MeV energy, the total yield of
neutrons per lightning stroke is
found to vary between 10'' and
1010. Although the neutron energy
has not been measured directly,
detailed calculations of neutron
propagation in atmosphere
indicate that 62% of the recorded
neutron events are due to 2.45
MeV neutrons. Forthe rest of the
events, the time delays can only
be associated with neutrons of
lower energy, possibly generated
through nuclear reactions
between deuterium and carbon or
nitrogen.

Keeping in view the presently
known temperatures in lightning
channels, it seems difficult to
account for yields of 107 - 1010

neutrons per stroke on the basis
of thermonuclear reactions unless
we presume that temperatures in
the discharge are in the region of
a fewkeV.
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Nuclear physics research w i t h ihe Var iable Energy Cyc lo t ron , Calcutta

F
|rom the beginning of
1985, the cyclotron
started round the clock

operation for almost three weeks
a month and has been routinely
delivering alpha particle beams of
energies upto about 60 MeV to
the experimenter's target. A brief
outline of some nuclear physics
experiments recently performed
and the new results obtained are
given below:
A brief outline of cyclotron usage

Recentlyperformed nuclear
physics experiments using the
cyclotron ..ve covered the areas
of elastic, .nelastic and transfer
reactions, x-ray spectroscopy,
nuclear fission and nuclear
molecular resonances. A
programme to study decay
schemes of short lived nuclei has
just started with an inhouse 4He
jet system developed at the
cyclotron centre.

Experiments were also performed
to improve time and energy
resolution of the alpha beam from
the cyclotron by using an
un bevel led slit at the ion source.
As shown in Fig. 1 the energy
resolution considerably improves
with the use of unbevelled slit.

Some recently performed notable
experiments with the cyclotron
are as follows:

Intermediate structure
resonance in the 12C + 16O system
seen through the alpha induced
reaction on 24Mg

Intermediate structures in the
12C + 16fJ system have been
extensively under investigation in
various laboratories in recent
years. Significant anomalies have
been found in the excitation
function for elastic and inelastic
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scattering and other reaction
channels. Some of these
structures have also been referred
to as 'molecular' or
'quasimolecular' resonances. To
investigate these resonances an
experiment has been performed
with t^e alpha particle beam usinc
the24|\,g (•< , ^C)1fiO reaction
which produces intermediate
states at the excitation energies
as those reached by the heavy ion
induced reaction. Thin surface
barrier detectors were set up for
the detection of I?C ions in
conjunction with veto detectors
for rejecting light ions. With this
arrangement excitation function
was measured for the reaction in
the range of bombarding energy
of alpha particles of 24 to 31 MeV
in steps of about 235 keV. Six
intermediate structure resonances
were located in the reaction
coinciding in energy with those
observed in fusion channels (Fig.2).

Excitation Energy in Compound Nucleus ; "S i (MeV)

31 0 32 0 33 0 34 0 35 0 36 0 37 0 38 0

2 4 0 26 0 2 8 0 3 0 0 32 0
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E , Lab. WeV)
Fig. 2. intermediate resonances observed in the

excitation function measurements of the
reaction 24Mg ("He. 12C) ^Oby using alpha
particle beam from the variable
energy cyclotron.

The particular advantage of the
present reaction 24Mg (*, 12C) 16O
in studying the spins of the
resonances will be exploited in
future studies involving angular
distribution measurements.

Studies of dependence of
scission configuration on alpha
bombarding energy through
correlated fission fragment
energy measurements in the
fission of 238U

Experiments to determine fission
fragment mass and kinetic energy
distributions in fission of •'^U induced
by 4He particles in the bombarding
energy range of 32 to 56 MeV
were carrried out through event
by event recording of the kinetic
energies of the pair fragments.

Detailed analysis of the mass and
energy correlations was carried
out to obtain the variation of the
average total kinetic energy
release (Ek) with the bombarding
energy (E - ) for specific fragment
mass divisions. It was seen that
Ek increases strongly with
increasing bombarding energy
for both symmetric and highly
asymmetric mass divisions (Fig. 3)

120 140
Heavy Fragment Mass, amu

Fig.3.

and such a strong variation
cannot be explained on the basis
of the rotating liquid drop model.
These results not only point to the
role of shell effects on scission
shapes, but also to the role of

160

another hitherto unexplored
feature; this feaiure is associated
with the possibility of the nucleus
scissioning by tunneling through
the ridge separating the fission
and the two-fragment valley. As
such, a tunneling process which is
temperature dependent is being
investigated as a possible
explanation of the present results.

Studies of alpha particles

Angular distribution for the elastii
scattering of 36 MeV alphas from
1!"Au were measured in the
angular range 10 -56 and the
data were analysed using the
optical model analysis. The main
feature of this new approach is
that the parameters of the real
part of the potential are fixed
using the systematics of
volume integral. The imaginary
part of the potential is then
searched to fit the elastic
scattering data. The imaginary
part thus deduced is seen to agree
well with the imaginary part
systematics.



Pre-equilibrium fission

A new fast decay mode for composite
systems formed in heavy ion fusion
reactions identified in fission fragment
angular distribution

he concept of a
compound nucleus-a
fully equilibrated

intermediate composite system
separating the formation arid the
decay phase in a nuclear reaction
was introduced nearly fifty years
ago by Neils Bohr and has been very
successful in explaining the yields,
energy spectra and angular
distributions of the reaction
products in a variety of nuclear
reactions. However, it has recently
been realized that the
equilibration of the composite
system in a heavy ion fusion

reaction is not instantaneous but
takes a finite time resulting in
some decay modes competing
with the equilibration process.
One such fast decay mode
identified by the scientists in
Trombay is the fission decay of
the fused composite system
before attaining full equilibrium.
The analysis is based on
apparently anomalous fragment
angular distributions in a number
of heavy ion induced fission
reactions. Figure 1 shows a
schematic illustration of different
reaction channels in heavy ion
collisions. The reaction proceeds
from bottom to top towards
compound nucleus formation. It
is generally believed that if the

system passes over the
unconditional fission saddle point,
compound nucleus formation is
imminent. But the present
analysis has shown that for heavy
composite systems with high spin,
the fission decay time is
comparable to the characteristic
relaxation time in the tilting mode
(K-degree of freedom) of the
composite system and therefore a
fraction of the fission events occur
before equilibration of this
collective degree. A time of 10 21s
is deduced as the characteristic
relaxation time in this degree from
the analysis of fragment angular
distributions in heavy ion induced
fission.
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Cosmic gamma-ray telescope at Gulmarg

V
ery high energy cosmic
gamma-ray sources,
with individual photon

energies^ 1012 eV, are apparently
rare and, to date, only a few
sources have been identified with
reasonable certainty; among them
are the crab pulsar, the vela pulsar
and the binary source Cyg X-3,
one member of which is again
inferred to be either a neutron star
or a black hole. The gamma-rays
are believed to be generated
mainly through the interaction of
high energy cosmic ray protons
with interstellar hydrogen and
through electron synchroton
process in the intense magnetic
fields (= 1012 Gauss) present in
pulsar neighbourhoods. A study
of these sources is, therefore,
expected to yield important
information regarding the location
of high energy cosmic ray sources
and cosmic ray acceleration
mechanisms near highly
collapsed objects.

A cosmic gamma-ray telescope,
employing the atmospheric
Cerenkov technique, has been
established by the scientists of
Bhabha Atomic Research Centre
3t Gulmarg, to detect gamma rays
of individual photon energy
s 1012eVfrom cosmic sources. The
atmospheric Cerenkov technique
involves the detection of a highly
collimated Cerenkov radiation
pulse, produced in the
atmosphere by the secondary
electrons, generated in the
extensive air shower initiated by a
gamma ray of energy ^ 1011 eV.
The Cerenkov pulse, with a
characteristic width of = 20 ns,
has to be detected against the
background of shot-noise
fluctuations in the night sky light,
on clear moonless nights. Cosmic
ray charged particles mainly
protons, which outnumber
gamma-rays at these energies by
a factor of 103 -105, also produce
similar Cerenkov pulses, which
cannot be easily distinguished
from the gamma-ray initiated
pulses. Howe> er, since the arrival
directions of charged particles are
randomized by the interstellar
magnetic fields, unlike that of the
gamma rays, any excess of
Cerenkov pulses from a particular
direction, over and above the
isotropic cosmic ray background,
indicates the presence of a cosmic
gamma-ray source in that
direction.



Fig.1.

Presently six parabolic mirrors of
90 cm diameter each have been
deployed at Gulmarg (Figure 1) on
individual equatorial mounts to
detect the Cerenkov pulses. Each
mirror has a fast photomultiplier,
with a photo-cathode diameter of
12.5 cm, mounted at its focus and
each photomultiplier is covered
by a mask with an aperture of
diametei 3.8 cm to reduce the
effective semiopening angle to
2.5°. The mirror/photomultiplier
systems can be steered in
East-West (Right ascension) and
North-South (Declination)
directions by means of
step-synchronous motors
controlled by a motor-drive
system. The six mirrors have been
divided into two banks of three
mirrors each, so that they
alternately track the 'source'
region and the near-by
'background' region. Triple
coincidence rates from the
on-source and off-source regions
are then utilized to determine any
excess of Cerenkov events from
the si irce region.
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Fig. 2 The mirrors can be moved either
in the fast mode (10Hz) to
minimise the loss of useful
observation time or in the slow
tracking mode (1.04 Hz) where the
mirrors move with the angular
velocity of earth's rotation and
track the 'source' continuously
during its apparent diurnal
motion. The potential gamma-ray
source, normally invisible to the
naked eye, is sought by first
pointing the mirrors at a bright
near-by star and then
commanding the mirrors to move
to the 'source' direction in the fast
mode. The motor drive system is
then automatically switched on to
the slow (tracking) mode and the
telescope starts to track the source
for a predetermined length of
time.

An additional feature of the
telescope is the incorporation of
an LED compensation circuit,
which supplements the night sky
background light and ensures a
constant photomultiplier anode
current, inspite of changes in sky
transparency and night sky
background light. This helps to
maintain the detection threshold
of the telescope constant during
the course of observations.

The Gulmarg gamma-ray telescope
has been deployed during the
winter of 1984-85 to study very
high energy gamma-ray emission
from the unidentified source
'Geminga'(2CG 195+4).
Preliminary data analysis has
revealed a periodic emission of
gamma-rays of energy greater
than 1012 eV at a flux level of 10 "
photons cm 2 s~1, from this
source, at a period of 60.25
seconds. The telescope is
presently being used to study
other gamma-ray sources
including the binary sources
Cyg X-3 and AM-Hercules.



Precision fabricated giant pressure vessel for the Pelletron accelerator

number of new
technological
achievements were

realised during fabrication,
transportation and erection of
Pelletron pressure vessel which
was completed some time back.
A Pelletron accelerator which is a
tandem Van de Graaff accelerator
with 14 million volt terminal
voltage, is being installed at TIFR
as a BARC TIFR joint research
facility under the Medium Energy
Heavy Ion Accelerator (MEHIA)
project of BARC. An important
indigenous item of the Pelletron
accelerator to be fabricated and
installed was a large pressure
vessel (about 25 m long, 5.5 m
diameter and 120 tons weight)
with a guaranteed straightness

and concentricity within 12 mm
all along the length. An additional
important requirement was the
control of mismatch at various
longitudinal and circumferential
joints to within 2.0 mm with
waviness in the central portion
better than 1.50 and that at the
ends better than 1.25. The'
pressure vessel was to be
designed for a maximum internal
gas pressure of 8.5 atm and for
vacuum. In the interest of safety it
was also decided that the pressure
vessel would be fully stress
relieved and also hydrotested.

The required dimensional control
during fabrication was achieved
by a close technical interaction
with the workshop; the
dimensions achieved at every

stage were checked and corrective
actions were worked out for the
subsequent fabrication steps. A
laser beam was used to generate
the reference central axis.
Additional stiffeners were added
as a mid-course correction to
facilitate control on ovality.

With the use of high velocity
burners the vessel was
stress-relieved as a whole by
insulating it on the outside and
using the vessel itself as a furnace.
In order to maintain the
dimensional accuracy achieved
during fabrication througii the
stress relief and hydrotest
operations, elaborate supporting
system both on the inside as well
as outside the vessel was worked
out.

The Pelletron tank was to be
erected vertically like a tower over
a pedestal 12 m high in an area
close to the existing permanent
building and other public
amenities. Various problems
during transportation of this large
size vessel through a stretch of
about 25 km of Bombay roads
from the workshop to the site
were successfully overcome.
Erection of tower of this height,
diameter and weight combination
over a pedestal 12 m high was
another uncommon and difficult
feature of this work which was
successfully accomplished.
Derricks were used for erection. In
view of the unusual nature of this
erection the entire erection
scheme was thoroughly analysed
for safety for each of the erection
position of the vessel.

The Reactor Engineering Division
of BARC collaborated in providing
engineering support at all stages
of the project.

Pelletron tank erected at site.



Shock wave phenomena - equation of state of condensed matter

new model for the EOS
of condensed matter in
the 'intermediate'

pressure region has been
proposed which gives theoretical
values in excellent agreement
with shock Hugoniot EOS data on
several metals upto about 10
Terrapascals (1 TPa=10
Megabars).

A knowledge of the Equation of
State (EOS) of matter
(pressure-volume-temperature
relationship) is of great
importance for understanding the
dependence of its thermodynamic
properties on its microscopic
internal structure. It is also vital
for gaining insights into many
phenomena in geophysics,
planetary physics, high density
plasmas such as encountered in
controlled fusion studies, peaceful
nuclear explosion phenomalogy
etc. EOS data upto about 0.5 TPa
can now be routinely obtained
using dynamic shock wave
methods (explosives, gas, guns,
electric guns etc.) and upto about
0.1 TPa using static (diamond cell)
methods. In this so-called
'experimental' region accurate
EOS for materials can also be
derived from electronic energy
band structure calculations. We
have used pseudopotential,
augmented plane wave (APW)
and linear muffintin orbital
(LMTO) methods to theoretically
investigate the shock Hugoniot
equation of state of many
materials. A variety of physical
phenomena such as band
reorderings, band closures, phase
transitions, thermal ionic and
electronic excitations are
accounted for in these
calculations.

Analysis of experimental EOS
data has shown that the equation
of state of d electron-containing
metals is softer than those of sp
electron ones. An understanding
of this has been obtained by us
through the canonical band theory
and the softening related to the
s —> d charge transfer on
compression. The physics of
shock constants has also been
investigated by these first
principle methods.

At sufficiently high pressures
(5= 10 TPa) accurate EOS can be
obtained using corrected variants
of Thomas-Fermi (TF) theory.
However, in the region between
0.5 TPa & 10 TPa ('intermediate'
region) there have been neither
many experiments till recently,
nor good theories. Difficulties in
theory arise due to pressure and
thermal ionization of core
electrons. In the past, the users of
EOS data employed interpolations
between the 'experimental' and
'Thomas-Fermi' regions. We have
proposed a condensed matter
EOS theory, which simulates the
pressure and thermal ionisation
effects using a modified Saha

ionisation theory. The use of this
theory in the presence of strong
interactions was justified by our
successful prediction of the
valence charges at O°K of a
number of elemental solids. In
addition, for example, the 2 —> 3
valence transition in Eu observed
in static high pressure
experiments is also correctly
predicted by us. Some EOS data
incorporating above changes in
ionisation for Al & Mo are given
below as examples (Table 1).

Atypical Hugoniot for Al curve is
shown in Fig. 1. First principle
EOS theories of condensed matter
up to about 10 TPa have been
reviewed by us.

Up (km/Sec)
20 30



TABLE I

Compression: p/p

Valence charge in normal metal

Valence charge in shocked state due to
pressure and thermal ionisation

Hugoniot temperature in shocked state

Pressure (experimental)

Pressure (calculated from our model)

Aluminium

3.13

3.0

3.01

7.9 keV

1.8 TPa
(After Trainoretal
using laser-driven

shock)

1.81 TPa

Molybdenum

3.02

6.0

8.1

11.5keV

4.97 TPa
(After Ragan using
nuclear explosive

driven shock)

4.85 TPa



Feynman path integrals

inalytical exact
J\ expressions for the

[propagator
corresponding to non-local
quadratic actions have been
obtained. These have been used
to derive new results for the free
energy of polaron at all
temperatures and the density of
electronic states in positionally
disordered solid.

The path integral formulation of
Feynman is an alternative
approach to quantum mechanics.
The central quantity in this
approach is the propagator which
is transition amplitude for a
particle (system) to arrive at a
space time point B (x", t") from
another A(x', t'). Classically, only
a particular path of extreme action
contributes to the physical
answer. Quantum mechanics is,
however, more democratic; here
all the paths contribute equal
amounts to the propagator, but
contribute at different phases.
The phase of the contribution
from a given path is the action S
for that path in units of the
quantum of action h. The
propagator is therefore expressed
precisely as "a sum overall paths''
(Fig 1). The formulation has a
number of advantages over the
traditional methods of Heisenberg
and Schrodinger. Being an
integral formulation it
incorporates global properties of
a system which is not possible by
describing the system through
differential equations. The input
to this formulation is the classical
action functional and thus it is
easy to generalize this approach
to areas where the classical
concepts like Lagrangian or
Hamiltonian cease to exist. Also
the description of physical
problem involving large degrees
of freedom is simpler via path
integrals.

Despite their intuitive appeal, the
analytical evaluation of path
integrals is met with formidable
mathematical difficulties. Exact
propagators are known only
corresponding to a very few cases
and, therefore, the applicability of
the technique has been rather
limited. In fact, in literature one
often encounters the statements
such as "path integrals are a
beautiful answer to physical
problem provided one could
compute them".

In view of these mathematical
difficulties, we have concentrated
our efforts in investigating the
possibility of evaluating path
integrals in exact closed form.
Specifically during last two years
we have given an exact analytical
expression for the propagator
associated with the so-called
nonlocal or two-time quadratic
actions in terms of a solution of
certain integro-differential
equations. The non-local actions
arise very naturally while
describing the memory effects in
a physical system. They are a
consequence of the conditional
elimination of some degrees of
freedom of a large system while
trying to develop a reduced
description of the small
subsystem involving degrees of
freedom pertaining to that
subsystem only. The path integral
method is the only reliable
method in these situations as the
conventional methods fail to take
into account the memory effects
in the quantum domain owing to
non-existence of a proper
Hamiltonian.

The analytical expression for *he
exact propagator was used to
study the problem of the motion
of stow electron in a polar crystal
popularly k.iown as polaron
problem. An analytical expression
for the free energy of polaron valid
for all temperatures was arrived
at for the first time. Further, new
estimates of the polaron effective
mass are also given.

Another area where the exact
expressions found their use was
to evaluate the density of
electronic states (DOS) in a
positionally disordered solid. For
a weakly disordered three
dimensional model of the solid,
our results predict a highly
unexpected behaviour for DOS.
Contrary to the general belief that
DOS decays exponentially with
energy in the band tail, we find
that DOS is zero beyond a critical
threshold energy with a power
law decay near the threshold.
This rather unexpected result
needs further theoretical and
experimental confirmation.

B(x".t")

\ S d y

A(x',f)

Fig. 1

(Overall Paths from A to B )
c is the classical path <̂ S = 0

Action S(A,B)=J L dt
t'

L = Lagrangian



PURNIMA II -India's first U233 fuelled reactor

ndia's first U233 fuelled
experimenta! reactor
facility was

commissioned on 10th May, 1984.
The reactor has attained a record
low critical mass of 397 gram of
U233. PURNIMA II represents the
first reactor step in the long term
goal of exploits'ion of Th-3-' -
U*33 fuel cycle for nuclear DOWC
generation in the count''

PURNIMA li is a homopenec^i
sok.'reacto'" fueiieri w:rh 'j-''-
uranyl nitrate soiuiicv r.'i:'.
reflected r>v BeD. ̂ n? f.svi:
inventory ot 4F>r. a ""! -J~"" USF'.
facility was ot>tc"Hsv: :>v c.f'emiC:-
s e D a r a t ' o n c a m e o ov- o n -!>•;•• -:.••-•

! a n o T h o r > ? : T i n s i r rpcuare ' .1 ir" " .

CIHLiS researr--- re;-, "•.
1 rornoav ~'Te :.jr;i"arv obieci'.
OT setting UP f-ift PUHNiW.i i
experimental iacni'.v w<i;. i.
validate tnc- avaiiah : . "
neui'nri coss-sec.'O"1 cinif -
provide coniioenc: >!• !r.<-. oes^r
calcuifi'|cm.-. earned rvj: u i r :
L|:'r'- fuenHO neuuo' sou'. •
reacior KAMIN wruci-. i;, p'esen1-
under consuuciiO'- a' thP Rr;a.-''~
Research Centre Kaloak'Kam Tn-
phvsics aesion o* tne reactor war-
aimed at minimising tne criticc
mass of tne reactor to trie exfen'
possible, consistent witt-
engineering limitations and saien
considerations

The essential characteristics o-
PURNIMA I! are summarised ir
Table I.Fig. 1 gives a pictoria1

view of tne facilitv

TABLE -f
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Ultrasonic Level Monitor

Fig. 2 . Schematic of reactor assembly



core vessel are interconnected by
suitable piping forming a U-tube
like arrangement, the level of fuel
solution in the core vessel cannot
exceed that in the weir cup. The
vertical position of the weir cup
can be pre-set to the desired level
by a mechanism which is also
housed inside the upper glove
box. A motorised mechanism with
digital readout measures the
solution level inside the weir cup
by a level probe arrangement.

An ultrasonic level monitor with
digital readout, based on the
pulse-echo technique provides an
independent method of
continuosly monitoring the core
height during reactor operation.

The reactor was made critical for
the first time with a uranium
concentration of 116.6 g/l. After
experimental determination of
the reactivity worths and variation
with position of the various
reactivity manipulation devices,
the fuel solution was diluted. This
procedure was repeated for a
number of fuel solution
concentration levels down to a
value of 60.5 g/l. Table II
summarises the critical
height/mass results and Fig. 3
gives a plot of the same data. The
corresponding theoretically
predicted values given in the
Safety Analysis Report (B.A.R.C./
I-470) are indicated along with the
experimental results. There is
generally satisfactory agreement
between theory and experiment.
The minimum critical mass which
occurs at 78 g/l is equal to 404 g of
total uranium and corresponds to
a U233 critical mass of 397 g.

PURNIMAII thus has the unique
distinction of having the lowest
critical mass for any reactor
operating in the world today.
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Fig. 3. Critical mass and critical height v/s concentration



TABLE 1

Cone
(9'D

116.6

103.8

90.9

81.5

70.7

60.5

Critical
height (mm)

Theory

232

251

277

302

348

—

Expt

228.0
' 0.1

241.7
' 0.1

264.4
i 0.2

290.0
+ 0.2

333.1
±0.2

404.5
±0.2

Critical
Mass (g)

Theory

453

436

425

421

417

—

Expt

457.0
t 0.2

431.5
•:0.2

414.0
i 0.3

407.0
+ 0.3

405.1
t 0.3

421.0
t 0.2



Efficient multi group lattice codes for light water and pressurised heavy water reactors

O
ne of the most
important problems in
the design'of nuclear

power reactors is the evaluation
of neutron flux in the reactor core.
From the flux we can derive all the
design parameters and
performance characteristics like
multiplication factor, power
distribution, reactivity coefficients,
burnup rates etc. The answer to
the problem lies essentially in the
direct solution of the full space,
angle, energy and time dependent
neutron transport equation.
However, the complexity of the
core both in geometry and
material composition renders this
bulk approach impractical, and
demands that approximations be
used in practical calculations.

We have developed new transport
theoretic models that led to
extremely efficiert and reliable
calculational techniques for
reactor design and analysis. The
methodology invokes integral
neutron transport theory at the
pin-cell and assembly level
calculations because of strong
flux variations at this stage, and
diffusion theory for core
simulation due to very gradual
variation of the global flux. The
diagram (Fig. 1) represents the
calculational flow of our three
stage design philosophy.

In our model, the cross-section
generation - an aspect of
fundamental importance to
reactor design - starts with WIMS
cross-section set. We condense it
to mini libraries using
representative spectra for both
light water reactor (LWR) and
pressurised heavy water reactor
(PHWR) systems. Next we pass on
to the pin cell calculations stage
using the code MURLI which

embodies the interface currents
concept to solve the integral
transport equation. For LWR fuel
assemblies, the neutronic
coupling between the cells, water
gaps, control blades etc. is taken
into account through the super
cell concept invoking once again
the MURLI formalism. We were
the first to introduce the interface
currents concept at the pin cell
and assembly calculations as it
results in substantial reduction in
the computational cost vis-a-vis
the other transport theoretic
treatments. The entire
calculational procedure for LWR
fuel boxes has been clubbed into
a single package SUPERB EXCEL

The PHWRs, the mainstay of our
nuclear power programme, have
rod clustered type fuel
assemblies. The fuel pins are
located on concentric circles
within the pressure tube. We have
developed two formulations to
treat the "doubly heterogeneous"
lattice of these reactors. The code
CLUB has the ingenious
combination of the small scale
collision probability method with
large scale interface currents
approach. The CLIMAX program,
however, homogenises the
materials within concentric rings
- with explicit accounting for
heterogeneity effects in the fast
and resonance energy ranges -
and then calls MURLI formalism.

Another complexity that is
characteristic of large PHWRs is
the presence of large number of
control absorbers and adjusters.
These are located perpendicular
to the core axis. This aspect
necessitates a three dimensional
supercell approach for obtaining
the parameters for core simulation
(Fig. 2). We treat this problem in

two ways, namely, transport
theory (the code BOXER), and
diffusion theory with appropriate
transport corrections (the code
NEWHIRL).

The third step covers the analysis
and prediction of reactor core
behaviour during various stages
of start up, power escalation, and
fuel burnup. For BWRs, the three
dimensional core simulation is
performed by COMETG which
includes not only neutronic
calculations but relevant thermal
hydraulics as well to account for
the steam formation inside the
fuel assembly. We have also
developed a superfast two
dimensional simulator TACHY-
the only one of its kind- which
provides quick estimates for fuel
management decisions.

Fig. 2 : Typical 3 dimensional supercell model.



Fig. 1 The three stage design philosophy

For PHWRs, the reactor core
power distribution at a given time
is obtained through the simulator
TRIVENI. However, the power
distribution averaged over a
period of time is evaluated by
TAQUILS. This is a very useful
code system for reactor design
and long term fuel management
aspects. Both the codes have been
recently improved to design our
500 MWe PHWRs. The inherent
neutronic instabilities of these
large reactors like xenon
oscillations etc. have called for the
development of a variety of new
calculational models (FEMXEM).

Another important aspect of
global reactor calculations is the
dynamics analysis. We have
developed a number of space time
kinetic models. The two very
significant contributions in this
direction are 3DFAST and FEMINA
codes; the former uses the
improved quasi-static method to
solve the space-time kinetic
equation with finite differencing
scheme for space discretisation,
while the latter employs nodal
expansion method for space and
fully implicit scheme for time part.

All the code systems mentioned
above have been subjected to
comprehensive evaluation tests
against available experimental
data and the benchmarks
recommended for the purpose.

WIMS
LIBRARY

TYPICAL
SPECTRA
(MURLI)

CROSS-SECTION
GENERATION

CONDENSED
LIBRARIES
(LIBCON)

GEOMETRY AND
COMPOSITION
INPUT DATA

PIN-CELL
CALCULATIONS
MURLI, CLIMAX
CLUB, SUPERB
EXCEL

LATTICE CELL AND
BURNUP CALCULATE

HOMOGENISE

c ASSEMBLY
CALCULATIONS J
CONDENSE
AND
HOMOGENIZE

CORE
SIMULATION
COMETG
TRIVENI
TAQUILS

CORE PARAMETER
INPUT DATA

CORE
SIMULATION

DYNAMICS
3-D FAST
FEMINA
FEMXEN



Supercooled molecular beams

W
ith a continuous flow
type supersonic nozzle
beam, recently set up at

B.A.R.C, we have developed
Diode Laser Spectroscopic and
other techniques for relaxation
studies of pure and seeded
molecules in free jets.
Molecular beams provide an ideal
source for investigations in the
field of collision physics which
lead to an understanding of
fundamental interaction between
atoms, molecules, ions, electrons
and photons. Supersonic molecular
beams, which are coming into
routine use in beam scattering
studies, have special properties
which make them more attractive
for such investigations, since the
beams are in thermal
non-equilibrium for a variety of
physical quantities like
translational and internal
temperatures. Extremely low
temperature baths associated
with such beams provide a
favourable environment for the
generation of weakly bonded
systems like Vander Waals
molecules. They can be used to
prepare and preserve a high T o Roughmg pump
density of free molecules, ions, or
radicals in specified internal
states, especially in short-lived
excited states, by interaction with
laser radiation resonant with a
specific internal transition. Such
prepared 'packets' can then be
used to study relaxation, or
dissociation reactions with
temporal and spatial resolutions
sufficient to identify primary steps
in these processes. Further,
supersonic beams provide an
almost ideal gas phase
spectroscopic sample for
polyatomic molecules, with an
ensemble of molecules, all in

particular well defined quantum
states (usually the lowest energy
state) travelling in free space with
a narrow velocity distribution,
and at sufficient low density so
that intermolecular interactions
are unimportant.

In B.A.R.C., we have recently built
and used a continuous flow type
supersonic nozzle beam set up for
such studies (Fig. 1). Ultra high
resolution diode laser
spectroscopy techniques coupled
with time-of-flight studies have
been used to derive detailed
information on the
vibrational,rotational and
translational temperatures of the
beam molecules. Relaxation
studies on free jets of pure and
seeded molecules have been
carried out to derive important
beam parameters like effective
specific heat ratio, collisional
effectiveness parameter etc.

Fig. 1.
Manometer

Diluent Gas
Ar, He. N,

HeCdTe
Detector
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Typical diode laser scans of an SFe
beam under different conditions
are shown in Fig. 2 (A Static
cell, B & C-Pure SFe, D-SFB seeded
in Argon). The supercooling and
consequent disappearance of
band heads arising from higher
J-transitions can be clearly seen.

A composite plot of rotational
temperature, as a function of
concentration (of SF6 in seeded
SF6 Argon jet), and distance from
nozzle exit is shown in Fig 3. All
important beam parameters can
be derived from such
measurements.

In addition to achieving energy
relaxation in isolated molecular
species, small clusters of
molecules produced in supersonic
jets have been employed to study

and model static and dynamic
behaviour of condensed phase.
By combining spectroscopic and
kinetic information on such
clusters and similar data on
cryogenic solutions, it is hoped
that detailed information can be
obtained about solute-solvent
interaction and dynamics in real
liquids. In our supersonic beam
system we have investigated
condensation of NHhin the jet
using TDL absorption of V2
rotational lines. Condensation is
highest along the jet axis, which
leads to a loss of monomer
absorption in that region and
consequent splitting of the
absorption peak, into two peaks
one red and other blue-shifted.
This is shown in Fig. 4. Fig 2
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Free radical isomers

tudies carried out on
the flash photolysis of a
series of heterocyclic

compounds, selectively
deuterated at specific positions,
resulted in the observation of
several new free radical species in
their various isomeric
conformations. Besides providing
valuable information on the
structure and energetics of these
transient species, the present
studies have also enabled a fairly
complete understanding of the
mode of photodecomposition in
these molecules.

While the isomers of a large
number of stable molecules are
known, the isomers of only a few
free radicals are so far reported. In
our recent studies on the flash
photolysis of certain heterocyclic
compounds we have observed for
the first time several free radical
species in their isomeric
conformations. The detection of
these transient species has been
rrade possible by carrying out
studies on a series of closely
related five membered
heterocyclic compounds which
are preferentially deuterated at
specific positions. These studies
also provided a unique example
of delineating the course of
molecular fragmentation on
photon absorption.

The absorption of a u.v. photon
by a molecule leads to its
excitation to higher electronic
states from where it decays by
various processes like
fluorescence, phosphorescene,
energy transfer, predissociation
and dissociation depending on
the nature of the excited state and
its interaction with neighbouring
electronic states. The last
mentioned process, viz.

dissociation, is favoured when the
excited state happens to be an
unstable one. The process of
photodissociation leads, very
often, to the formation of transient
species like the free radicals,
atomic or excited molecular
species. With the help of
synchronised flash photolysis
techniques it is possible to identify
and characterise these transient
species through their absorption
spectra.

However, it is not generally
possible to identify all the
fragments that are initially formed
and establish the mode of
dissociation. Depending on the
energy balance, i.e., the
difference between the energy of
the absorbed photon and the
energies of the bonds which are
broken, the photo fragments
would carry away different
amounts of the excess energy;
the possession of excess energy
by the fragments leads to the
possibility of the existence of
these fragments in their isomeric
conformations if this energy is
larger than the barrier height
separating these configurations.
The occurrence of such isomeric
forms could be established for
some free radicals produced in
the flash photolysis of thiophene,
thiazole, oxazole and isoxazole
whose structures are shown in
Fig. 1.

Selective deuteration of thiophene
and thiazole at the •>- or (S
positions has been achieved by
carefully controlling the
conditions of the deuteration
reaction. The flash photolysis of
the normal and deuterated
compounds has produced new
free radical isomers HCCS, CCHS;
DCCS, CCDS; and HCCO, CCHO which
are observed for the first time. In
addition to these, the electronic
absorption spectrum of HNC, an
isomer of HCN molecule has also
been obtained for the first time.
The observation of the above
mentioned species has provided
a clear picture of the modes of
photodissociation of these
molecules. This is illustrated for
the case of the thiazole molecule
where two modes of dissociation
are established. According to the
first mode, ring scission occurs,
on photon absorption, as shown
in Fig.2.

HCN
T

\

ft HC

THIOPHENE

HC

THIAZOLE

H + HCCS CCSH + H HNC
Fig. 2.

The free radicals generated in this
mode of photodecomposition
viz., HCCS, CCHS and HNC are
identified through their absorption
spectra, which are observed for
the first time.

The second mode of
photodecomposition is shown in
Fig. 3.

H

Fig. 1.

0
OXAZOLE

0
ISOXAZOLE Fig. 3.

NCS

H + NCS

CN +
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Fig. 4. Flash photolysis
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The free radicals generated in this
case viz. NCS and CN are detected
by their known absorption
spectra.

A detailed analysis of the
absorption spectra yielded precise
information about the geometrical
structure of these free radicals.
Significant differences in the
structure are observed between
the isomeric conformation of the
same species; thus while the
HCCS radical is linear, the CCHS
radical is bent; though both HCN
and HIMC are linear in their ground
states, the former is bent and the
latter is linear in their first excited
states. As more and more of
unstable species are being
discovered in circumstellar
clouds and interstellar regions,
the data obtained on the new free
radicals would be very helpful in
looking for these species in such
sources. Some of the heterocyclic
compounds studied form
constituent parts of biologically
important molecules like
porphyrins and the present
studies on the

photo-decomposition of these
molecules would be of
considerable importance in
unravelling the role of radiation
induced free radicals in biological
systems.

Fig.5. Flash photolysis



Neutron beam research at Dhruva

W
ith the commissioning
of Dhruva Reactor in

J1985, an intense source
of thermal neutrons has become
available for pure and applied
condensed matter research in
India. Comparatively, the central
flux of Dhruva is about three times
larger than that of Cirus, which
has been utilised for over two
decades for a variety of front-rank
research programmes in studying
the structure and dynamics of
solids and liquids. However,
because heavy water is used both
as moderator, coolant and
reflector in Dhruva and
oecouse of recessed cavities and
tangential beam holes, useful flux
at sample position of
spectrometer is likely to be an
order of magnitude larger than
that at Cirus when Dhruva
operates a; 100 MW. In addition
facilities exist for inserting ho'
ana cold moderators which he*;;
to boost the useful flux of
neutrons at energies of interest lo
the experimenters. A provision is
also made for conducting cold
neutrons from the cold
source to an adjoining
laboratory, without
appreciable loss, by means of
totally reflecting neutron guide
tubes.

A variety of sophisticated neutron
spectrometers are being
fabricated to aid studies in
crystallography, magnetism,
lattiot.- ami molecular dynamics.
Several spectrometers are based
on prototytir- drums designer1 ano
fab r t . itf1' "• a- Ci""|tr.'r Workshops
Threes!)1 " . ' ' .V- 'HITS o " " for
p o w d e r < ; f f ' . r ' • ; ; • • . , ^ . T .. : > - ; > f - <

a n a l y s i s , m . i - ' ' ) • . • v s v ' i r i.-.- \

a n d a n o t h f r f o r . M i ' . ' ~ r s , i : ' • • • m -

o r e c u r r i ' i i t ' v g e t ' , n • . ' I . - : I ' I - : r

Fit) >

Triple axis neutron s p e d ro me tor to ' Dl

Dhruva. The latter, a triple axis
spectrometer, is shown in Fig 1.
Fabrication of prototype hot and
cold neutron sources for
out-of-pile tests are underway.

The design, development and
installation of the neutron guides
is a totally indigenous effort as
are several other aspects of the
instrumentation. Recently, 400
float glass plates of appropriate
size have been vacuum coated
with nickel making use of the 2.8m
high vacuum coating plant at the
Indian Institute of Astrophysics,
Kavalur The nickel wire and
tungsten filaments used for this
purpose were supplied as per out
specifications by MIDHANl
Hyderabad and CEL, Ghaziabad.
The high vacuum coating plan'
itself has been designed aim
commissioned at KavaK.r !;y
TPPEOof BARC

in the near future, sevoia. otner

types of snec.Uometers will be
installed. Some of these are a
polarised neutron analysing
spectrometer, a filter detector
spectrometer, a small angle
spectrometer, a high resolution
inelastic spectrometer ana a
neutron interferometer. The
instruments will all be fully
automated based on dedicated
on- line microcomputers. Fig 2
shows the layout of the
instruments when the project is
fully implemented.

It is envisaged that the higher flux
neutron beams available from
Dhruva will allow us to carry out
experiments in many new
research areas as weli as to
broaden further the scope of the
extensive neutron beam research
programme carried out over the
last two decades at the Cirus
reactor. Such studies will include
phase transitions in
incommensurate ana modulated
structures, spin and charge
density waves, nature of
precipitates in alloys, structures
of polymers, biomolecular
aggregates and membranes,
metal hydrogen systems, etc. The
iechnoiogical experience end
expertise generated by the
neutron instrumentation
programme will also cover varieiv
o< fields including crvopenics
hian field superconducting
magnet design, novei detectc?
development, crystai and sample
pieparation and microcomputer
systems
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Development of copper vapour lasers and dye lasers

"1 copper vapour laser
which gives an average

j power of 10 watts has
been developed. This laser is used
to excite a dye laser to obtain
tunable narrow line width
radiation.
Dye lasers, because of their
tunability, are finding many
applications in areas such as
spectroscopy, photochemistry
and photobiology. The lasing
medium in a dye laser is a solution
of a dye in an appropriate solvent.
Dispersive elements such as
gratings, Fabry Perot etalons, Lyot
filters etc. are used in the
resonator to obtain narrow line
width and tunability of output.
The lifetime of the excited dye
molecule is typically a few
nanosecs which necessitates use
of intense pulses of light to pump
the dye lasers.

Pulsed lasers such as the nitrogen
laser, copper vapour laser and
excimer laser are extensively used
for this purpose. Of these the
copper vapour laser is very
attractive because of its high
efficiency and high pulse
repetition rate. BARC has
developed a copper vapour laser
and a dye laser pumped by it to
give narrow tunable output.

Energy levels of the copper atom
relevant to the laser transitions are
shown in Fig. 1. The copper
atoms are excited by electron
impact to excited states. Due to
the short life times of these
excited states, the excitation has
to be very fast, typically within
100 nsec. The lower laser levels
are metastable because of which
the laser pulse is self terminating
The most intense laser emission
is at two wavelength namely 510.6
nm and 578.2 nms.

The copper vapour laser
developed at B.A.FS.C. has a pyrex
glass tube with suitable end
flanges, which forms a vacuum
enclosure. An alumina tube with
suitable thermal insulation is
placed coaxially with the pyrex
tube. Water cooled copper
electrodes at the ends of the
alumina tube permit a discharge
to be struck in the alumina tube.
The system is filled with helium
gas at a pressure of 5 torr. A small
quantity of high purity copper is
placed in the alumina tube. Pulsed
discharges of 100 nsec duration
and 5 khz repetition rate heat the
alumina tube to 1400°C to
generate copper vapour and also
to excite the copper vapour.
Suitable mirrors on the end
flanges form the laser resonator.
This laser gives pulsed output
with peak power of 100 kW, pulse
duration 30 nsec and average
power of 15 watts. Fig 2 is a
photograph of the copper vapour
laser.

x10 ' cm 1

401_

30

a: 20

10

510-5
nm

570 Onm

^578 2 nm

3d"4s"D

1/2

Fig.1. Energy levels of copper
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Fig 2 A photograph of the copper vapour laser



A schematic diagram of the
copper vapour laser pumped dye
laser is shown in Fig. 3. A prism
pre-expander and a grazing
incidence grating are used to
obtain narrow linewidths. The
laser wavelength is tuned by
tilting the tuning mirror. To reduce
amplified spontaneous emission.
the laser output is taken through a
plane end mirror. The dye solution
is flowed through the pumped
region in the dye cell at speeds
>5m/sec, to avoid thermal
distortions of the solution due to
the high pulse repetition
frequency of the copper vapour
laser. With a 10-3 M solution of
the dye Rhodamine 6 G in ethanol,
dye laser average powers of 1.2 W
at an energy conversion efficiency
of 11 % have been obtained in a
bandwidth (FWHM) of 0.08 cm- '
at 575 nm. The laser frequency
was stabilized to approximately
0.01 cm-1 using a temperature
stabilized Fabry Perot
nterferometer. Fig. 4 shows a
photograph of the copper vapour
aser pumped dye laser.

Fig.4. Copper vapour laser pumped dye laser.

Fig. 3
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A schematic diagram of the copper vapour laser pumped dye laser.



Ablative acceleration of laser irradiated targets

n laser fusion scheme,
a fuel pellet has to be
imploded

symmetrically. However,
unavoidable nonuniformities in
the laser beams tend to produce
asymmetric implosion. A method
to reduce this asymmetry has
been demonstrated.

In the basic scheme of laser
fusion, a spherical pellet of D-T
fuel is irradiated symmetrically by
a suitable high power pulsed
laser. The laser heats the surface
of the pellet to very high
temperature causing ablation
from the surface. Due to reaction
to the ablating matter, a shock
wave propagates towards the
centre of the pellet. This shock
wave compresses and heats the
D-T pellet to densities and
temperature required for initiating
fusion reactions.

One of the key issues in laser
fusion is the stability of the fuel
pellet while it is being
compressed. A nonuniformity in
the spherically converging shock
wave may lead to fluid instability
disintegrating pellet before the
required compresssion and
heating is achieved. The
nonuniformity may arise either
because of nonuniform illumination
of the pellet or because of
nonuniformity in the pellet. While
the latter can be eliminated by
taking proper care in the design
and manufacture of the pellet, the
former is unavoidable in a
practical situation where a finite
number of laser beams illuminate
the spherical pellet.

We have proposed and
demonstrated a method for
reducing the effect of nonuniform
illumination on the stability of the
imploding pellet. The method
consists of depositing a thin layer
of high atomic number (Z)
element, such as gold, on the
pellet.

When pulsed laser beams fall on
the pellet, a plasma atmosphere is
created around the pellet. The
laser beam penetrates this plasma
atmosphere only upto a certain
depth where the plasma density is
equal to the critical density. Most
of the laser energy is deposited
near this critical region, heating
the electrons. Since the pellet
surface is cooler than this hot
region, electrons transport the
thermal energy by conduction. If
there is a nonuniformity of
illumination, this is partly carried
over by the electrons to the pellet
surface resulting in nonuniform
compression, if lateral thermal
transport is not very good, Fig.1 (a).

However, if the pallet surface is
coated with a high atomic number
element as an ablator, its plasma
would emit soft x-rays copiously
at high temperatures. The energy
from the hot region is then
transported by electrons as well
as x-rays. Since x-ray emission is
isotropic, it tends to heat the pellet
surface more uniformly, Fig. 1 (b).
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There may be one disadvantage
of this scheme. Since part of the
x-ray energy is not intercepted by
the pellet, the efficiency of
compression (defined also by
hydrodynamic efficiency = kinetic
energy of the accelerated
target/absorbed laser energy),
may be adversely affected.

To test the suggested scheme,
experiments were performed on
plane targets. A 50 J, 5nsec, 19
gigawatt Ndrglass laser, designed
and built at BARC, was used to
irradiate the targets. The
maximum irradiance of the target
surface was kept below 1013

W/cm2 to avoid nonthermal effects
in the plasma which produce hot
electrons. The targets were thin
foils (6-8 microns thick) of plastic
or aluminium, with or without a
thin layer (0.1 micron thick) of
gold. To study the movement of
the foil, optical shadowgraphy of
the foil with a 1 nsec green laser
probe, derived from the main
laser, was used. The
hydrodynamic efficiency was

Ablation
Surface

Critical
Surface

Fig. 1 (a) Fig.1 (b)

Fig. 1 (a): Energy transport and ablation only due to electrons. Lateral energy transport
is not adequate to remove beam nonuniformity effects, if the separation between the
critical and ablation surface is small.

Fig. 1 (b) : Energy transport by isotropic soft x-rays produced in high atomic number
ablator enhances uniformity of ablation.
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estimated bycalorimetric
measurement of the kinetic
energy of the accelerated foil. To
simulate nonuniformity of
illumination, central part of the
laser beam was blocked.
Schematic diagram of the
experimental set up is shown in
Fig. 2.

The temperature distribution of
tho rear side of aluminium foil
targets with and without gold
layer is shown in Fig. 3. The effect
of nonuniformity of illumination
on temperature distribution is
clearly less in the gold coated
targets. Optical shadowgraphs of
these two foils are also shown in
Fig. 4. Again, it is seen that the
movement of foil is more uniform
for the foil with gold layer. The
hydrodynamic efficiency for foils
with gold was found to be only
10% less than that for foil without
gold.

These experiments indicate that
the effect of illumination
nonuniformity can be significantly
reduced without affecting the
overall hydrodynamic efficiency,
by putting a layer of high Z ablator
on the pellet.

Fig. 2 : Experimental set up. T-Target foil, L-Focusing lens. W-Window. Vc-
Vaccum chamber, Mo-Microscope objective, L-imaging lens. ND, NB-Filters,
C-camera, DC—Saturable absorber cell. KDP-KDP crystal for second harmonic
generation, BG-18-Green filter to cut off residual 106 /im beam. P., P2, P3,
P4-Folding prisms for optical delay. MC-Monochromator-detector.

100 200
D (/im)

300

Fig. 3 : Rear surface temperature profile. Continuous and dashed curves are for
gold (0-1 |im) coated aluminum (7 ,«m) and bare aluminum (7 /im) targets
respectively. Spatially uniform heating is evident in case of gold coated target.
Laser intensity ^ 10'' W/crrr. Temperature scan is along the diameter of the
accelerated foil rear.

(a)

Fig. 4 : Shadowgrammes showing foil motion due to nonuniform laser beam
irradiation. Laser is incident from the left, (a) Bare aluminum target (7 /im
thick). Nonuniformity in the foil motion (towards right) is clearly visible, (b) for
gold coated (o-1 ;im thick) aluminum target (7 /im thick) foil motion is uniform
and smooth. Flow pattern in the left hand side of the foil is due to ablated gold
layer. Laser intensity in both cases is •>- 1O''W/cm !.



Detection and identification of underground nuclear explosions

he 20-element seismic
array at Gauribidanur is
in continuous operation

for nearly two decades ever since
it was installed in collaboration
with U.K. Atomic Energy Authority
in October 1965, first as a
10-element array and later
augmented with 10 more
elements. The array has a L-shape,
each arm of which measures 25
km. Ten seismometers are
installed in specially built vaults
along each arm, with an
interelement spacing of 2.5 km.
The ground motion sensed by
the field seismometers is
converted into electrical signals
which are transmitted via
overhead cables to a central
recording laboratory where they
are continuously recorded on
magnetic tapes in both analog
and digital form.

The array detects on the average
4000 seismic events annually,
while only 20-30 of these are due
to underground tests. From an
examination of onset time and
amplitude of the leading signal
from each sensor of the array, the
source is located and its
magnitude estimated on the
Richter scale.

The discrimination of the source,
whether it is a natural earthquake
or a man-made explosion, is done
on the basis of the waveform and
spectral energy distribution. For
events in the distance range
3000-10000 km the spectral energy
distribution in the two bands, one
of which is centred around 1
second period and the other
around 15 seconds, is found to be
very useful. This is referred to in
the literature as "body-wave
magnitude (Mb) versus
surface-wave magnitude (Ms)"

criterion. The waveform
characteristics and Mb :MS

criterion are usually the first steps
in discrimination.

Though in a majority of cases
(> 99%) the seismic source can be
identified by Gauribidanur data
alone, a few cases do arise of
"difficult" events for which global
seismic data has to be analysed to
be sure of the nature of the source.
For example, a simple

"explosion-like" seismogram of
an event of 2 April 1977 (Fig. 1)
was identified on the basis of
global data to be an earthquake at
a depth of 200 km. On the other
hand, a very complex seismogram
(Fig. 2) on 14 October 1978 is
identified as caused by
underground nuclear explosion in
Lop Nor (China).

All the necessary software for
such discriminations has been
developed in Trombay.

B1

AFGHANISTAN-USSR BORDER REGION EAQK. : 2APR 77
GBA : POO : 11 : 20-8 A 23-6° Z347-4" mb5-8

NEIS : mb5 3 ISC :

I 1 I I 1 I
0 1 2 3 4 5 sec

Fig. 1.
Example of explosion like signal due to
an earthquake (depth 200 km).

LOPMOR (S. SINKIANG PROV.) UG EXPL. 14 OCT. 78.
GBA : P01 : 06 : 04.7 A 29-6° Z17-4" mB 4-5

Sail
NEIS :mb4.9 ISC : mb4-9

•~- •—'V/\/^w»/i\/^\Aj\r-~^

X all-2 Hz

1 I I I I I
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EBfil

Fig. 2.
Example of an earthquake-like signal due to
underground nuclear explosion.



Fig. 1 : Layout of the geophones at Kolar
Gold Field for rockburst monitoring.
Eleven geophones are at surface and
three at deeper levels. The deepest level
at which a geophone is installed is
2.2 km. in Gifford's Shaft.

ockbursts are known to
j!..^ occur in and around

deep metal-mine
excavations such as those at Kolar
Gold Fields (KGF) in Southern
India. The Kolar gold mines are
over one hundred years old and
among the deepest mines in the
world where some of the
excavations have reached a depth
of about 3230 meters below the
field datum. Rockbursts pose
severe hazard to the mining staff
at these depths.

A rockburst is characterized by a
sudden collapse of the excavated
region and is a consequence of
release of ambient stress when a
free surface is created during
mining operation. The problem is
more severe at relatively large
depths where the underground
workings progress through highly
stressed orebodies. Early

warnings of an impending
disaster could therefore help in
mitigating the risk involved. In
recent years, continuous
monitoring of microtremors has
become possible as a result of
advances in the techniques of
detection of high-frequency
acoustic emission signals
preceding a rockburst.

As a collaborative project between
BARC and Bharat Gold Mines
Limited (BGML), funded by the
Department of Science and
Technology, BARC developed and
installed at KGF towards the end
of 1978 a geophone array (Fig. 1)
comprising fourteen sensitive
geopohones spread over an area
of 6 km x 3 km that continuously
measure ground vibration in the
band 10-200 Hz.

It >. . TAILORS
ENNANTE^COROMANDAL



Fig. 2 : Central Recording Laboratory
consisting of recording and replay
magnetic tape decks, where all the
fourteen geophone outputs are received
continuously and analysed. The visual
monitoring is done on one of the channels
with the help of a drum recorder situated
centrally in Figure (Courtesy: Nuclear
India, Vol 19, No. 1, 1980).

Frequency-modulated seismic
signals from each of the field
sensors are cable-telemetered to
a centralised multichannel analog
as well as digital recording/replay
system which records all tremors
that are normaliy not noticed by
mining staff. Fig. 2 shows the
recording and replay system in
laboratory and Fig. 3 gives an
example of one of the recently
recorded rockburst signal. Coded
time-pulses derived from a stable
crystal-controlled clock are also
written on the magnetic tape
along with the geophone
channels, which provide a
common time base necessary for
obtaining relative time delays of
signals at various locations of the
geophones. This enables the
operator to compute the location
of source of tremors utilizing
wherever possible seismic data
from other stations, for example,
Gauribidanur array.

On the average, about five
rockburst are detected every day

by the system, i hese are promptly
analyzed and their sources located
accurately. The system is in
operation for more than five years
now and it has helped in reducing
the false alarms to the miring
staff by providing accurate
information of location of source
of signals.

It is planned to augment the above
system by establishing in near
future a three-dimensional
network of PZT sensors that would
provide efficient on-line
supervision of rockburst in a small
selected volume. This 3-D net will
be interfaced with a fast data
acquisition and processing system
built around a medium-sized
computer for on-line signal
detection and analysis. It is hoped
that a systematic study of
spatio-temporal behaviour of
microseismic signals will enable
one to forecast both location and
•time of an impending major
rockburst and issue an advance
warning to miners.
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TYPICAL ROCKBURST RECORDED DATED 12 th Sept. 85
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Fig. 3. One of the recent microseismic
signals recorded on 12 Sept. 85 by the
system. Notice the time scale of replay
which permits estimation of onset time
of signal at each geophone location to an
accuracy of a few milliseconds.
The markings on each channel refer to
channel identifiers. Only 8 out of 14
channels are shown in this figure.



Prosisient mode operation of 25mm bore superconducting magnet

~)he superconducting
magnet using Nb-Ti
wire made in BARC has

been operated to a maximum field
of 7.56 Tesla at 76 amps. Using a
superconducting switch
developed for the purpose, it has
been operated in persistent mode
without any field decay.

The superconducting magnet was
constructed using
multifilamentary Nb-Ti
superconducting wire of 0.5 mm
diameter, each having 61 strands
of 42 microns diameter, with
polyvinylacetal insulation. The
filaments are twisted to prevent
coupling and minimise eddy
current losses. The coil former is
made of nonmagnetic steel, and
is insulated with roulon sheet.
Holes and groves are provided in
the former for cooling the inner
layers. The superconducting coil
was tightly wound under a tension
of 5 kgf. A wet winding technique
using high thermal conductivity
"cryocon" grease was employed.
A 150 mm neck cryostat developed
in BARC is used for testing. The
superconducting switch was
made by a cupronickel
superconducting wire having high
resistivity matrix. Bifilar winaing
of two wires in close proximity of
a heater wire is provided. The
switch operates at 86 mA and has
a rise time of 4 seconds and a
decay time of a few milliseconds.
The joint between the magnet and
the switch is very crucial in
operating it in persistent mode,
and is made by using special
solder containing silver.

The auxiliary system which were
developed for the persistent mode
operation are programmable
power supply, heater power
supply, magnet insert and
external shunt for protecting the
superconducting magnet.
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MAGNETIC FIELD (TESLA).

Fig. 1. Characttrittic of 25 mm S.C. sotendoid



Laser crysia! windows

1 Ikali halide crystals find
/ \ applications as optical

* * (Components for high
power laser work. Large size
crystals with high optical
perfection are required. The
thermal stresses introduced
during growth or annealing and
bulk inhomogeneities such as
microcracks, grain boundaries,
and scattering centres have a
marked effect on crystal
transparency. The internal
stresses set up in a growing
crystal depend on the growth
conditions. The investigations
carried out at BARC have shown
that in a Vertical Bridgman
Stockbarger technique used for
the growth of alkali halides, the
heat transfer conditions during
the growth change appreciably
due to the crucible movement.
This results in change in crystal
growth rate. Consequently, the
growing crystal develops stresses.
The application of two
independently controlled hot
zones to obtain necessary
temperature gradient coupled
with the effect of crucible
movement on the freezing plane
were found responsible for the
observed changes in the growth
rates. It was therefore thought
that the problems faced due to
crucible movement could be
overcome by effecting the growth
in a stationary crucible.

Growth in a stationary crucible
has been achieved in the past by
different ways. In the present
technique, called 'Thermocouple
Pulling Technique", the
directional cooling of the melt is
effected by pulling a controlling
thermocouple through the melt.



The arrangement as shown in
Fig. 1 consists of a furnace having
single graded heater winding.
Provision is made to pull the
controlling thermocouple placed
in the melt at a desired rate.
Temperature profile obtained in
the furnace when the controlling
thermocouple is positioned at the
crucible tip is such that a positive
temperature gradient exists in the
furnace in the upward direction.
The pulling of the thermocouple
has the effect of physically moving
the temperature profile up in the
furnace.

Consequently it causes directional
solidification. The advantage with
this technique is that the
controlling thermocouple could
be maintained just a few degrees
above the melting point of the
material. In the present technique
the control over the movement of
the solid/melt interface obtainable
is better as compared to
Bridgman - Stockbarger
technique. Crystals of KBr, KCI
and NaCI upto 150 mm diameter
have been successfully grown by
thermocouple pulling technique.
The grown crystals are found to
be of high optical quality.

A large number of crystal
windows prepared in BARC have
been used for various laser
applications within BARC and a
number of outside organizations,
like Universities, IIT'setc.
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Hg. 1. Schematic of thermocouple pulling technique



Mass spectrometer for gcochronology

jeochronology, the
j science of dating

_jgeological events, has
assumed great importance in the
recent times. Mass spectrometers
have played a significant role in
the determination of the age of
geological samples. With the high
level of precision they give in the
determination of isotopic ratios
for several elements, they can be
treated as the ultimate tools for
these and several other similar
applications.

In the K-Ar decay method of
dating, the quantity of Argon-40
that is accumulated due to the
decay of Potassium-40 contained
in the rock sample from the time
of its formation is measured
precisely on a mass spectrometer.
The quantity of argon available is

Mass spectrometer for geochronology.

of the order of a few microlitre.
Hence it has to be conserved
during the analysis. The pumping
of the spectrometer has thus to be
stopped during the analysis. This
inherently requires a UHV
compatible vacuum system and
mass spectrometer with low
out-gassing rate so that the rise in
background during analysis is
insignificant compared to the
sample peak height.

The spectrometer has 12cm ion
radius, 90° deflection and
stigmaticfocussing geometry.
The electron bombardment type
of ion source has high sensitivity
and reliability. For argon, the.
sensitivity is 5 x 10-3 A/torr at 500
microampere emission. The three
argon isotopic ion beams 36+ ,
38+ and 40+ are simultaneously

collected by three independent,
well shielded collector assemblies
which, in turn, are connected to
amplifiers. The 36/38 and 40/38
ratios are displayed on digital
panel meters. The simultaneous
collection of ion beams provides
high precision in the
measurements. The standard
deviation over 10 measurements
taken in 5 minutes is about 0.05%.

The ultra-high vacuum system
works round the clock without the
need for liquid nitrogen or water
supply. The outgassing rate of the
system is so low that the pressure
rises only to 3x 10~7 torr when
spectrometer is isolated from the
pump for 2 hours.The spectrometer
is capable of detecting a sample
which can develop a partial
pressure of 10 12 torr.
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oft X-ray Appearance
fW,* Potential Spectrosccpy
**-* (SXAPS) is an emerging

technique for the study of solid
surfaces. It is an electron excited
non-dispersive spectroscopy that
relies on the variation of the soft
x-ray yield at and near the
thresholds for core level
excitations of various atoms.
SXAPS provides information
similar to that obtained from
Auger electron spectroscopy, but
the spectra are simpler to interpret
and are of higher resolution. The
resolution is limited by the energy
spread of the incident electrons
and is about 0.2 eV at the normal
filament operating conditions.
This technique is sensitive to
atomic core level binding energies
and the density of unfilled electron
states. Its applications include
element identification and
chemical shift determination.
Interest in the SXAPS commenced
with the development of
potential-modulation
differentiation to enhance the
signal detection, and ultra high
vacuum techniques to investigate
samples under known surface
conditions.

The SXAPS developed at BARC
comprises an electron beam
source operated in emission
stabilised mode, an electron
multiplier used as a photon
detector, a twin evaporator for
alloy preparation, an ion etch gun
for sample cleaning and depth
profiling, a sample manipulator, a
UHV system and the associated
electronic controls. For elemental
analysis, the high resolution
feature is not a requirement and it
is convenient to increase the
modulation signal and measure
the second derivative of the X-ray
emission.

Surface impurities such as carbon
ars detectable using this
technique. A typical spectrum
obtained using the SXAPS for a
hydrocarbon contaminated nickel
surface clearly demonstrates the
surface sensitivity of this
technique. It can be seen that the
nickel peaks are not recorded. The
detection sensitivity depends on
the crosssectionsfor excitations
of core levels and the
photo-electron emission at the
detector. The measurements are
made at the threshold energies
and hence the crosssection values
are low. In order to increase the
sensitivity an electron multiplier
is used as the detector.

General features of the SXAPS are:

Fig. 1. Photograph of the soft x-ray appearance
potential spectrometer developed at BARC

Incident electron energy:

Primary current:

Emitted photon energy :

Background pressure :

200to1500eV

1 mA

50to1000eV

0.1 to 1 picobar

Fig. 2. Derivative spectrum of hydrocarbons on nickel
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A novel neutron spectrometer

neutron spectrometer
based on a novel idea
allows one to obtain an

energy resolution not easily
obtained otherwise. Such a
spectrometer has been built at
BARC and installed at the
Spallation Neutron Source
(ISIS), Rutherford Appleton
Laboratory, U.K. and has started
yielding new results.

Neutron scattering measurements
are a powerful means of studying
random as well vibratory motion
of atoms and molecules in
condensed matter. A special
advantage of this method lies in
the fact that by measuring the
distribution of energies of
neutrons scattered from any
material at different angles, it is

possible to gain information both
on the rates and the paths of
random motions; in this respect
neutron scttering is unique.

It can be shown, through
Heisenberg's uncertainly
principle, that if one wishes to
study phenomena with typical
times of the order of A t one
should measure energy with a
resolution A E~h/t.Thus, with
a resolution of about 1 meV, one
can conveniently study
phenomena covering times~4 x
10~12 sec and with a resolution of 1
ueV, this time would increase to 4
x 10-g sec. In a similar fashion the
distances over which neutron
scattering measures various
phenomena can be typically
shown to be from one to tens of
Angstroms (1 Angstrom = 10"8cm).

The spectrometer described here
has a combination of energy
resolution and angular span which
is not obtainable in conventional
neutron spectrometers.

Conventional spectrometers would
typically give resolutions poorer
than 0.1 meV at 5 meV. This could
be improved either by using
narrow 'slits' which unduly
decrease intensity or by going to
lower energies of neutrons which
decreases the range of
momentum transfer which can be
studied. Our solution to the
problem of obtaining better
energy resolution starts by
proposing a new device — which
we call a A T-window-for
detecting neutrons in a narrow
energy band of 0.017 meV at —5.2
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white beam

El
Transmitted
spectrum from
Be (I)

El E l l
Reflected
spectrum from
Be (II)

M M\

Transmitted
from
Be (II)

PRINCIPLE OF THE A T-WINDOW ANALYSER

Fig. 1 . Illustration of th« principl* of A T window analyser.



meV. It consists of two
polycrystalline beryllium blocks at
different temperatures. The first
piece of beryllium (Be I in Fig. 1) at
-173°C has the property of
transmitting all neutrons below
5.236 meV but scattering off the
higher energy neutrons. These
transmitted neutrons then fall on
the second piece of beryllium
(Be II) whose temperature can be
adjusted between room
temperature and 200°C. At room
temperature (27°C) this transmits
all neutrons below 5.219 meV but
scatters back neutrons between
5.236 and 5.219 meV which are
detected in a specially designed
annular detector. This provides a
window which is 0.017 meV wide
and can be varied continuously
upto 0.037 meV by varying the
higher temperature, without any
other geometrical modification.

The scheme of the spectrometer
based on this device is shown in
Fig. 2.

A spectrometer based on these
ideas, generated at our Centre,
has resulted in a collaboration
between BARC and the Rutherford
Appleton Laboratory, U.K. which
operates the spallation neutron
source, ISIS. The neutron pulse
produced at the liquid hydrogen
source of the ISIS is chopped
and guided through about 31
meters, on to the sample table of
the spectrometer shown in Fig.
2 . The scattered neutrons are
viewed through two separate A
T-window spectrometers Fig. 4.
The data acquisition system is ot
standard RAL design developed
there.

The viability of the A T-window
was tested at the CIRUS reactor in
BARC on a specially designed
high resolution spectrometer
which for the first time measured
the intrinsic width of Bragg cut-off
wavelength of beryllium and also
the width of the window (Fig. 3).
The spectrometer successfully
operated on the first day of
operation of the ISIS on December
16,1984 and gave a resolution of
— 0.04 meV. This collaboration
allows Indian scientists access to
the ISIS, which will be the world's
largest spallation neutron source
when it is fully operational.
Experiments proposed from BARC
are at present being conducted at
ISIS on this and other instruments.
It has already been possible to
make observation of
reorientations of NH4 ions in
ammonium bromide at room
temperature which would be
difficult with conventional
spectrometers.

Fig. 4.
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Bilirubin strip for easy diagnosis of jaundice

nfectious hepatitis,
commonly known as
jaundice, is endemic in

many parts of India.
Avery early indication of infectious
hepatits is the appearance of the
bile pigment bilirubin in urine. In
the case of healthy persons, this
pigment is present in urine only in
very small traces. However, the
onset of infectious hepatitis causes
significant amount of this
substance to be excreted in urine,
and detecting this is a reliable
way of diagnosing infectious
hepatitis.

The conventional method for
detecting bilirubin in urine
involves several time consuming
steps such as precipitation of the
pigment, filtration and the use of
a colouring agent. This method
needs trained technicians and can
be done only in a bio-chemical
laboratory.

BARC has developed a fast and
simple strip method to detect
abnormal amounts of bilirubin in
urine. With this strip, detection of
bilirubin in urine takes only about
30 seconds, compared with about
the 20 minutes needed for the
conventional method. The strip
can be used by untrained persons.

The white plastic strip contains a
detecting agent encapsulated in a
radiation crosslinked gel which
selectively allows bilirubin to
permeate into it and keeps out
other pigments. The test consists
of dipping the strip in urine for 20
seconds, then in water for 1
second, and then taking out
and viewing. Presence of
abnormal amounts of bilirubin is
shown by the appearance of a
yellow colour in the strip. The
intensity of the colour developed
increases with increasing

concentration of bilirubin and
hence the strip can be used for
semi-quantitative estimations as
well.

The material cost of the strip is
insignificant and therefore it will
find extensive use for the
screening of suspected jaundice
cases on a large scale.

BILIRUBIN STRIP
EASY WAY TO DETECT

JAUNDICE

NORM A; URiNE

DIPPED IN URiNE
CONTAINING LESS
THAN 0 Smg/100ml
BIL (RUBIN

DIPPED IN URINE
CONTAINING
1 0 mg /1O0 ml
B I R U B N

DIPPED IN URINE
CONTAINING
5 0 mg/ 100 ml
BlLlRUB'N



Improved measurements of vapour pressure and enthalpy of sublimation of uranium

he enthalpy of
sublimation of uranium
is a basic

thermodynamic quantity needed
in thermochemical calculations of
a number of uranium compounds.
Though measured by several
groups around the world, this
value is known only with
unacceptably large uncertainty
(125 to 131 kcal/mole) and poor
precision. Redetermination of this
quantity was, therefore,
considered worthwhile in view of
its importance in high
temperature actinide chemistry
and the value now acquired for
enthalpy of sublimation from
present measurements was 126.3
kcal/mole with an accuracy of ±0.6
kcal/mole. Improved Knudsen cell
design and precise temperature
measurements made in BARC
using a new procedure has
contributed significantly to this
accuracy.

The enthalpy of sublimation A Hv

( U; 298.15 K) was obtained from
the temperature coefficient of
vapour pressure of uranium. The
vapour pressure of liquid uranium
contained in tantalum and
tungsten cups was determined in
the temperature range 2200 to
3000K. The data yielded vapour
pressures of uranium agreeing
within 6% of the best assessed
values. The vapour pressure data
from earlier measurements by
other investigators were available
only upto 2400K.

In the whole analysis of the data
collected in this investigation, a
correction for ideal solubilities of
tantalum and tungsten in liquid
uranium together with the activity
coefficients of liquid uranium
were introduced. Ideal solubility
corrections were applied by making
use of experimentally measured
saturation solubilities of W and Ta
in liquid uranium. Though
absolute corrections of activity
coefficients were not possible, by

making use of thermodynamic
equations applicable to two phase
equilibria, the lower and upper
bounds of activity coefficients
were derived. This has helped in
the assignment of precise value
for the enthalpy of sublimation of
uranium using third law analysis.

The two major factors which have
contributed to the determination
of an accurate enthalpy of
sublimation for uranium are:

(1) Improved Knudsen cell design,
and
(2) A novel procedure developed
and adopted for calibration of an
optical pyrometer used in
temperature measurements.

The new Kni'dsen cell design
considerably improved the
temperature uniformity in the cell
and simulated much better black
body condition for accurate
temperature measurement. The
novel procedure developed for
calibration of an optical pyrometer
further contributed to an accurate
temperature measurement.

The usual procedure adopted for
calibration of an optical pyrometer
recommends anchoring of gold
(1337.58 K) or copper (1358.02 K)
point as the primary reference.
This is done by normal thermal
halt procedure involving melting
of large quantities of highly pure
gold or copper (approx. 1 kg) in a
graphite crucible. Calibration of
pyrometer scale at high
temperatures is actually a
extrapolation from the primary
reference point. A direct
correlation of temperature such
as 3000K to a gold point requires
the use of sectored discs having
transmittance as low as 0.01 %. In
principle, if a primary reference
point is available in the region of
2000K, such long extrapolation
can be avoided and the melting
point of platinum meets this
requirement.

Following the "spot technique"
used earlier by Ackermann and
Rauh in their phase diagram work,
melting point of platinum could
be reproduced without any loss of
accuracy. Unlike in the thermal
halt method only 1 to 2 g. of pure
platinum metal was needed in
this new technique. The melting
and freezing of platinum
contained in a recrystallised
alumina cup was registered by
employing the sharp changes in
the reflectivity of the metal at
these points. Subsequent
calibration of pyrometer upto
3000K using a set of sectored discs
gave results agreeing with those
obtained by using copper melting
point as reference. It is noteworthy
that the overall uncertainty in the
present case was only 6° to 8°
compared to 10° to 15°at3000K-
attained with the earlier methods.

Knudsen cell apparatus.



ASkaiising agents control copper speciaiion in boiler water

~|sing powerful
! techniques like

Jdifferential pulsed
anodic stripping voltammetry and
electron spin resonance, it has
been shown that copper forms
Cu(ll) complexes with Morpholine
and Cud) complexes with
cyclohexylamine, the two alkaline
agents added to the boiler water
to regulate pH. Such differences
have impact on the uptake of Cu
by living organisms thriving in the
effluent environment of the power
plants.

A few hundred tonnes of water are
handled in Nuclear and Thermal
power stations for steam
generation. Among the
constructional materials of the
steam-water circuit, copper alloys
still predominate over others as
heat transfer surfaces. In order to
meet the technical requirements
of minimising the corrosion of
system surfaces, the feed water is
made alkaline and deoxygenated
by chemically treating with
volatile amines like ammonia,
morpholine or cyclohexylamine
and hydrazine. An unavoidable
effect due to the addition of such
chemicals is their capability of
acting as complexing agents for
trace metals present as dissolved
impurities in the aqueous streams
and the effluents will have an
impact on the ecosystem; hence
the importance of the study of
chemical speciation.

The use of copper alloys gives
rise to dissolved copper in the
boiler feed water in the range of
0.1 to 10>g litre. The
concentrations of the complexing
amines are atleast thousand times
higheranditis unlikely that in
such media copper ions remain
predominantly as hydrated ions.
It is also known that while
ammonia forms Cu(ll) complexes,
hydrazine reduces Cu(ll) to Cu(l)
and then complexes univalent
ion. A recent application of

differential pulse anodic stripping
voltammetry (DPASV) has opened
up wider possibilities at still lower
levels of concentrations. In BARC
advantage was taken of these
techniques to study the speciation
of copper and nickel in the
presence of morpholine and
cyclohexylamine. In the pH range
of 8.7 to 9.8, copper was observed
to form a mixed morpholine
hydroxo complex which is
reduced reversibly at the dropping
mercury electrode by the uptake
of two electrons. From this data,
the formation of a copper (I!)
complex containing one
hydroxide, two morpholine
groups and three water molecules
has been inferred.

The room temperature ESR
spectrum of copper (II) -
morpholine complex was
investigated at appropriate solute
concentration and was found to
exhibitfour lines because of
nuclear hyperfine interaction

(1 = 3/2) with the unpaired electron.
The peak-to-peak line widths are
43 ± 4G, which are typical for
monomeric copper complex. The
absence of a seven line spectrum
or broadening at 2g and absence
of lines at 4g clearly establish the
structure of the copper-
morpholine complex to be
monomeric and octahedral with
two morpholine, one hydroxy and
three aquo groups coordinated to
central metal ion.

Unlike the copper-morpholine
system, the
copper-cyclohexylamine system
shows a stepwise reduction of
copper (II). A modified
Deford-Hume treatment was
applied for the evaluation of the
stoichiometric overall stability
constants (5i and fSij and ligand
numbers of the complexes (Cu
(CHA)2+, (Cu (CHAV, (Cu
and the mixed uncharged
complex (Cu(CHA) (OH)).

, \
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ESP-spectrum of Cu(ll)-morpholine complex
4 x10 3MCu2~>

 ;1-10/W morpholine; VOIM morpholine nitrate.
25 C. X-band frequency 9-53 GHz

Cu(OH)CHA Plot of the fractional distribution of Cu complex as a function of L& OH



Petrogenesis of basalts:
examination of REE data using pattern recogoitior
approach through principal component analysis
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Fig. 2. Eigenvector coefficients of the dominant
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are earths provide new
insight into basalts
petrogenesis. Basalts

serve as probes to understand the
geochemical evolution of the
earth, since they are generated by
the melting of the upper mantle.

In recent years, trace element
geochemistry, particularly of the
rare earths, has been used to

' understandthe mechanism of the
formation of basalts. The
observed whole rock
concentrations and their
variations are used to infer about
the extent of influence of
geochemical parameters such as
mantle minerology, extent of
partial melting and fractional
crystallisation, magma mixing,
wall rock assimilations, etc. This,
however, requires the assumption
regarding the rare earths (REE)
concentrations in the upper
mantle source which is usually
taken to be 3-7 times the values
observed on chondrites. The REE
concentrations are therefore
normalised to chondritic values
for comparison. The average
chondritic norrridlised
concentration of two typical
basalts are given in Fig. 1. The
differences between the
continental and oceanic basalts
are attributed to the differences in
the upper mantle source
concentrations.

An earlier investigation on the
Mahabaleshwar basalts, based on
data generated jointly by BARC,
Physical Research Laboratory,
Ahmedabad, and Scripps Institute
of Oceanography, California,
revealed (based on Nd-Sm
isotopic ratios) that the
sub-continental and sub-oceanic
upper mantle sources are similar,
i.e. the light rare earths (LREE)

depleted. Thus, the differences
observed in Fig. "i. should be
attributed more to the extent of
physico-chemical parameters
rather than to differences in the
mantle source concentrations. I
has been noted that the extent c
mineral phases to be fractionate
evaluated under the observed
concentrations of major and
compatible elements like Ni and
Cr, are considerably lower than
the estimates based on the
observed concentrations of the
incompatible elements like the
REE.

The present Pattern Recognition
Approach through the Principal
Component Analysis (PCA),
allows simultaneous use of
available data, without the
requirement of any
normalisations or assumptions
regarding the mantle source
concentrations, to obtain features
which are not discernible from the
chondritic normalisation
approach.

The PCA, a mathematical
methodology, generates new
features which are linear
combinations of the original
variables and provides a
description of the multivariate
data. Feature patterns (of zhe
coefficients used in obtaining the
linear combinations) on tholeiitic
basalts from different tectonic
settings (continental, oceanic,
ocean island) are similar,
indicating that even under these
diverse source regions, the REE in
basalts largely retain the same
relative behaviour.

In this study, the PCA indicates
that nearly 80% of the variability
in the REE data, is accounted for
by the partial melting fractional
crystallisation processes, with the

Fig. 3. Simulated patterns of a)eigenvector
coefficients & b) communalities. Based on
partial melting/fractional crystallisation
of Garnet peridotite and Spinel peridotite
sources.
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element samarium as an indicator
of the dominant role of
clinopyroxene in the basaltic
magma genesis. The influence of
clinopyroxene could also be
verified by generating simulated
coefficient patterns using Garnet
peridotite and Spinel peridotite of
the upper mantle source, with the
former appearing to be more
appropriate (Fig. 3). The study
also revealed that equilibrium
partial melting of a homogeneous
mantle source could not have
produced the observed patterns
fortheREE.
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Figure 1 shows the chondritic
normalised concentration patterns
of Mahabhaleswar (continental)
and Atlantic DSDP-leg 37
(Oceanic) basalts. Fig 2 indicates
the similarity of the eigen
coefficient patterns for the
dominant component of PCA on
the REE data of basalts of different
tectonic settings. Fig.3 shows the
simulated patterns generated
using two different sets of mineral
assemblages for the upper
mantle.

Fig. 1. Chondritic normalised REE patterns of basalts
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Caiolyst for hydrogen isotope exchange

jt-deposited activated
jcharcoal with PTCE
(coating has been found

to be one of the best catalysts for
hydrogen isotope exchange
reactions.

The exchange of deuterium
between water and hydrogen is
important for heavy water
production, that of tritium
between hydrogen and water for
recovery of tritium from waste
effluents from fuel reprocessing
and lastly that of tritium between
heavy water and deuterium for
detritiation of moderator heavy
water.

Isotope exchange reactions
involving isotopes of hydrogen
have thus acquired great
importance in the field of nuclear
technology. These exchange
reactions are:

HD(g) + H2O(1) = H2 (g) + HDO(l) (1)
HT(g) + H2O(l)=H2 (g) + HTO (I) (2)
DT (g) + D2O(I)= D2 (g}+DTO (I) (3)

Though the separation factors for
all these reactions are high, the
rates of reactions are extremely
slow. Hence, unless an efficient
catalyst is developed, these
exchange reactions are not
practically feasible. It has been
found that platinum supported on
activated charcoal serves as the
best catalyst. When these
catalysts are used for the
liquid-gas exchange the catalyst
instantaneously loses its activity
as a result of all the reaction sites
being engulfed by liquid water
and thus preventing hydrogen
from reaching the sites. Because
of this, the reaction (1), though
known for a long time, could not
attain commercial importance.

Platinum deposited on
activated charcoal as the basic
catalyst was tried at BARC. To
begin with, chemical deposition
of chloroplatinic acid on activated
charcoal through contact with
aqueous solution and subsequent
controlled reduction in a stream
of hydrogen at 150°C to 200°C was
carried out. Known water repellent

materials like polyvinyl chloride,
silicone, PTFE etc. were employed
for providing a hydrophobic
coating on the above catalyst.
PTFE gave the most effective,
smooth and long lasting coating.

Consequently, platinized charcoal,
after reduction, was mixed with
PTFE powder in definite ratios
and this homogeneous mixture
was compressed in a die to obtain
solid pellets. This technique made
it possible to obtain the catayst in
the desired shape and size. After a
series of trials, optimum
proportions of Pt-C-PTFE were
arrived at, resulting in a highly
efficient and hydrophobic catalyst
with long catalytic life. The
distribution of Pt particles in the
catalyst matrix was observed
through X-ray imaging technique.
X-ray image photograph of a
typical catalyst (Fig. 1) shows the
Pt particles distributed
homogeneously. This catalyst is
presently being employed for
process development studies
pertaining to heavy water
enrichment by Combined
Electrolysis and Catalytic
Exchange (CECE) and detritiation
of moderator heavy water.

Fig 2 shows the photograph of an
exchange column packed with the
above catalyst, coupled to an
electrolyzer to form a single stage
CECE. In this, water gets
progressively enriched in the
exchange column. This enriched
water is fed to the electrolyzer
which provides the reflux to the
exchange column.

Counter current exchange
experiments were also carried out
successfully with tritiated heavy
water and deuterium gas. Based
on these experiments, a pilot plant
for detritiation incorporating an
exchange column packed with the
above catalyst, followed by
cryogenic distillation of deuterium,
is being set up.

The above studies involved
operation at ambient temperature
and pressure. For a dual
temperature exchange process,

operation at higher temperature
and pressure (higher pressure is
required to keep the water in
liquid phase at that temperature)
is required. The catalyst
developed by us has shown
sustained activity upto a pressure
of 6 kg/cm2 and temperature about
120°C. Efforts are on hand to
modify the catalyst matrix so that
it can be employed efficiently for
operation at higher pressure
(~ 50 kg/cm2).

Fig. 1 X-ray image of Pt-particles in the catalyst
(magnification 1 :400)

Single stage of a Combined Electrolysis
and Catalytic Exchange (CECE)



Adherent coatings of titanium carbide and beryllium

resent day high
technology often

i _ Jdemand materials with.
mutually conflicting
characteristics. Coated
composites are increasingly
meeting such a challenge in the
development of tailor-made *
properties. In this context,
emphasis has been laid on the
studies of coatings of titanium
carbide and beryllium with a
potential to withstand the hostile
environment of high temperature,
thermal cycling and irradiation.

The necessary basic infrastructure
has been set up which has
enabled to provide coating of any
material (refractory, dielectric,
magnetic or conducting) on
almost any substrate of fairly large
diversity in its shape and size
(upto 0.3 m ).Fig 1 shows a
versatile high vacuum coating
unit recently designed and
commissioned in the Chemistry
Div: jn. For characterization of
these coatings, various techniques
like X-ray and electron diffraction.
Auger Electron Spectroscopy,
X-ray Photoelectron
Spectroscopy and Rutherford
Back Scattering Analysis have
been used. Surface morphology
of coatings, its adhesion,
microhardness, electrical
properties and irradiation
behaviour have also been
investigated.

Deposition parameters have been
optimised to get adherent
coatings on 304 & 316 stainless
steels, monel 400, molybdenum,
copper and graphite. Titanium
carbide coatings upto 4 n thickness
have been deposited by reactive
d.c. sputtering and electron beam
evaporation. They have wear
resistant properties. On the other

Fig. 1.
Multipurpose high vacuum
coating unit.

hand, beryllium coatings have
been deposited upto a maximum
thickness of 35 /* by resistive
heating utilising the facilities
existing at Atomic Fuels
Division. These coatings on
copper and graphite give lamino
spiral crystal growth (Fig. 2) under
specific conditions. It has been
successfully explained as arising
due to the stresses built in the
coating which give rise to crack
formation, spallation and
buckling.

The above coatings are likely to
be useful as candidate materials
for improving the performance of
different components of
controlled thermonuclear fusion
reactors.

Fig. 2.
Lamino spiral crystal growth
of beryllium on graphite.



boron carbide and
silicone rubber
composite has been

developed for use in situations
where flexibility with very little
reduction in neutron capture
properties is of prime importance.
The know-how developed is
currently being used to meet
some of the internal' requirements.

Materials with high neutron
absorption cross-section have an
important role to play in the field
of nuclear engineering. Apart from
their use as control rods in nuclear
reactors, they also find application
as neutron shielding materials.
Among the various desirable
absorbers such as gadolinium,
samarium, cadmium, boron and
europium, boron in the form of
boron carbide is most widely used
for control rod applications. On
consideration of cost per unit
thickness, boron carbide is far
superior to other materials.

Rg. 1

Fig. 2

In many of the areas of
application, the neutron absorber
material is required in an easily
flexible form, especially in those
situations were flexibility with
very little reduction in neutron
capture properties is of prime
importance. Such a flexible
neutron shielding material has
been developed by incorporating
boron carbide powder in a
synthetic rubber matrix. The
product has been named
'BOCARSIL'. Sheets with a
hardness of 80 shore, containing
50-60 wt% boron carbide have
been successfully fabricated using
Dow Corning rubber compound
and 200 mesh boron carbide
powder. Tubes, rods and other
special shapes have also been
fabricated to suit specific
applications. These components
can be conveniently used upto a
maximum temperature of 200°C
and have a macroscopic neutron
absorption cross-section of about
35 cm-1

The availability of BOCARSIL
products in large quantities is
expected to increase the demand
for it, and open up new horizons
for its application in nuclear and
allied engineering fields where
neutron absorption or shielding
from neutrons is important.



Fig 1

number of new and
improved Electroless
Nickel (EN) bath

compositions have been
developed in the metallurgy
laboratory. Each composition has
its own characteristics to suit a
variety of engineering
applications. Electroless plating is
receiving considerable attention
in the field of coating technology.
A chemical reducing agent
present in the bath provides a
constant electrochemical potential
throughout the plating bath. This
constant potential ensures
uniform thickness of the metal
being deposited all over the object
irrespective of the size and shape
of the object. In addition to getting
uniform coating, electroless
deposition has many desirable

S4i

characteristics such as near
amorphous structure, high
hardness, excellent wear and
corrosion resistance, lubricity,
and non-galling characteristics.

Though a number of metals have
been deposited by the electroless
process, plating with nickel and
copper have found widespread
industrial acceptance. Electroless
nickel plating on alumina ceramics
has found special applications in
MHD power generation systems;
and on beryllium for metal optics
and communication mirrors in
space shuttles. Electroless copper
is used as the initial layer for
decorative plating of plastic
products, particularly for items
exposed to prolonged corrosive
environment.

Pre-treatment of the surface of the
objects to be plated is an
important aspect of the
technology. A clean dust free
surface is very essential for the
plating process. Work at Trombay
has established a new surface
pre-treatment procedure involving
hot soak cleaning, alkaline
derusting, and sulphuric acid
solution activation, thus avoiding
the use of hydrochloric acid
solutions as recommended by
ASTM-B-656-79-1979
specifications.

A new stable alkaline bath suitable
for nuclear applications has been
formulated to yield 99.5% pure
nickel deposits.

Most of the electroless nickel
baths commercially available are
proprietor/ and the few that are
openly available do not give
satisfactory results. Thus, our
research and development activity
in this field has made valuable
contributions to the indigenous
metal plating technology.



New insights into the 'tailored' microstructure of alumina ceramics

1 here is considerable
~T" [evidence that ceramics

! ' lean be successfully
used in high temperature
applications and their use is being
more widely examined. Alumina
ceramics find increased
applications in modern
technologies such as electronics
and space, for use as substrates
and for precision bearing. The
properties of the ceramic need to
be tailored for meeting specific
requirements.

The alumina ceramics are
fabricated through the cycle

starting from powder raw
materials, cold forming, heat
treatment 'sintering) and finishing
operations. The properties of the
end product largely depend on
the microstructures developed
during these processes. Sintering
helps in controlling the porosity.
During the process of sintering,
the average grain size increases,
and sometimes pore growth also
occurs. Microstructure studies
indicate preferential and rapid
grain growth where a few of the
grains grow as if by devouring
their smaller neighbours. The

Fig. 1 Photomicrographs of alumina ceramics with Mg 2 ' -containing
liquid boundary phases.

0.5% wt magnesium fluouride (non-silicate liquid) sint 1600 C/2hrs
large grains

B 0.5% wt. cordierite (Mg^A^ SijO ia (siliceous liquid) sint. 1600 C/Z hrs;
small grains.

interior of such grains contains
large number of pores. This
problem is alleviated by the
addition of small quantities of
magnesium oxide to alumina. The
exact mechanism of this process
is still not understood. New
insights into the role of magnesia
were gained during liquid phase
sintering of alumina in the
presence of controlled quantities
of cordierite (a magnesium
aluminosilicate) and of magnesium
fluoride.

Work carried out at Trombay in
the field of liquid phase sintering
of alumina has brought out
interesting findings. The
densification behaviour of
alumina in the presence of limited
quantities of a liquid phase is
independent of the chemical
composition of the liquid additive.
But the associated
microstructures are markedly
different. Silicate liquid yields
ceramics with small-sized grains;
on the other hand, the addition of
magnesium fluoride to alumina
leads to rapid grain growth and
yet no pores are entrapped inside
the grains. The grain size in this
case is about twenty times larger
than those in the silicate-liquid
sintered product. Experimental
evidence attribute these variations
to the material transport in the
vapour phase during sintering of
alumina in the presence of
magnesium fluoride.

The results of our studies in liquid
phase sintering indicate the
viability of controlling the
microstructure, and hence the
properties of alumina ceramics by
a simple process of control of
composition while sintering.



Zirconium based metallic glasses

~| n recent years, metallic
glasses have evoked a

J good deal of scientific
curiosity. Tapes of this kind of
glasses have been produced at
Trombay by the melt spinning
technique. Detailed investigations
have been carried out on the
thermal stability and the
crystallization behaviour of
zirconium-based metallic glasses.

Though conventional glass has
been known to mankind for the
past five thousand years, a new
kind of glass, the metallic glass,
made its debut only very recently
and it has drawn worldwide
attention. Metallic glasses, like
the conventional glasses, possess
a random or non-periodic atomic
arrangement and have the
characteristics of metallic solids,
viz. lustre, good electrical and
thermal conductivity and
reasonably good ductility. Some
of the attractive engineering
properties they exhibit are
excellent soft magnetic behaviour
in ferromagnetic metallic glasses,
high mechanical strength and
extremely good corrosion
resistance.

Metallic glasses fall in the broader
category of non-crystalline or
amorphous metallic solids. The
term 'metallic glass' is used with
reference to only those
amorphous metallic solids which
have been produced by rapid
solidification of metallic melts.
Unlike a conventional glass which
can be obtained by very slow
cooling of the melt (10 3K/sec),
metallic glass formation requires
solidification of the melt at very
high cooling rates (106K/sec.)
Several techniques are capable of
giving cooling rates in the range
10s-1010K sec. The most
popular one is the melt spinning
device which is capable of
achieving cooling rates of order of
106K/sec.

Zirconium - based glasses with
their high strength and corrosion
resistance may prove to be
attractive structural materials.
Using a melt - spinning device
designed and fabricated in BARC,
rapid solidification has been
carried out. A very high frequency
(1 MHz) induction heater is used
for melting the alloy charge.

After melting the alloy, the molten
mass is ejected out in the form of
a jet on to the surface of a rotating
disc. This results in the formation
of rapidly solidified ribbons of the
alloy. The cooling rate during
solidification can be varied by
changing parameters like the
speed of revolution of the disc
and the ejection pressure. Using
different melt spinning conditions,
partly crystalline and fully
amorphous ribbons of Zr-Ni,
Zr-Fe, Zr-Co and Zr-Cu alloys have
been produced.

It has been observed that glass
formation in zirconium based
systems does not require any
metalloid addition, unlike in
commercially available iron or
nickel based glasses.

Property evaluation studies on
these glassy alloys have revealed
that their strength is much
superior to that of their crystalline
counterparts or of the zirconium -
based crystalline alloys currently
in use. The ultimate tensile
strength of the glassy alloys is
about twice that of the zirconium -
based crystalline alloys.
Unfortunately, their ductility is
very poor. The corrosion
behaviours of the glasses in
different media are also being
examined and a comparison with
that of crystalline alloys of the
same compositions is being
made. In order to make such
comparative studies more
meaningful, only glasses which
crystallise to a single crystalline
phase are being investigated.



Zr-25 at % Fe Metallic Glass

Amorphous Matrix Diffraction from Amorphous Matrix

Crystals in Amorphous Matrix.
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Fia-1
Carbotharmic reduction furnac*
for FBTR fual

ith the successful
is \u fabrication of the first

. " \ y 'Charge of plutonium
uranium mixed carbide fuel for the
Fast Breeder Test Reactor (FBTR)
by BARC, India has achieved the
distinction of being the first
country in the world to use such
an advanced fuel for
commissioning a nuclear reactor.

FBTR was initially meant to use
conventional highly enriched
uranium-plutonium mixed oxide
fuel. As plutonium oxide fuel
technology was already well
developed in BARC, the initial
choice of fuel for FBTR was a
mixed oxide fuel containing 76%
PuO2 and 24%natural UO2.
Unfortunately, preliminary
investigation on this
plutonium-rich mixed oxide fuel

revealed that it is
incompatible with the sodium
coolant and also has other
metallurgical problems related to
fabrication.

The need for development of an
alternative indigenous fuel for
FBTR led to the choice of
plutonium-rich mixed carbide.
Uranium-plutonium carbide fuel
is known to be superior to mixed
oxide fuel due to its 5 to 7 times
higher thermal conductivity.

As the fabrication parameters for
plutonium-rich carbide fuel have
never been reported anywhere,
the entire flowsheet for the
manufacture of (U-Pu)C fuel
pellets of controlled density and
phase contents was developed
indigenously. The main steps of
the fabrication are vacuum
carbothermic reduction of



Fig. 2
A view of the FBTR fuel pin
fabrication line

mechanically mixed UO2. PuC>2
and graphite powder, crushing
and milling of carbide clinkers
followed by cold pressing and
sintering in a mixture of argon and
hydrogen. Three separate trains
of gloveboxes containing facilities
for pellet production, fuel pin
fabrication and process control
were set up in the
Radiometallurgy Laboratories.
The complete core of mixed
carbide fuel pins needed for
achieving criticality and low
power operation of the FBTR was
manufactured during the year
1984-85. Compared to oxide fuels,
the manufacture of mixed carbide
fuels is much more difficult. It
involves more fabrication and
process control steps. The mixed
carbide fuel material is highly
susceptible to oxidation and

hydrolysis and is pyrophoric in
the powder form, thereby needing
high purity inert cover gas and
continuous monitoring of
glovebox atmosphere for oxygen
and moisture contents. The safe
manufacture of all the mixed
carbide fuel pins for FBTR was
thus a challenging task.

The fuel pins were transported to
the FBTR site at Kalpakkam in
specially designed bird cages by
an armoured vehicle. Both the
bird cages and the armoured
vehicle were designed in BARC.

Indigenous manufacture of FBTR
fuel pins has saved the country a
foreign exchange of about $ 20
million and can be considered as
one of the remarkable
achievements in the history of
Indian metallurgy.



Use ci a novel microsliuclura! feature
as temperature marker in irradiated fuel

]novel microstructural
[feature - the optically
[visible intergranular

Beta-Gamma autoradiograph
(black indicates activity)

1100°C

gas bubbles - has been used for
the first time for estimation of
operating fuel temperature in fuel
elements. Estimation of the
operating temperature of the fuel
is one of the important aims of
post-irradiation metallographical
examination of fuel elements. For
power reactor fuel elements or for
non-instrumented experimental
fuel elements, the microstructural
observations are the only pointer
to fuel temperature. Conventional
microstructural features which
are used as temperature markers
in irradiated UO2fuel are equiaxed
grain growth (1300°C), columnar
grain growth (1600°C) and fuel
melting (2850°C).

During the examination of
specimens taken from several
irradiated TAPS fuel elements, it
was observed that in many fuel
elements, the temperature had
been too low to give any of the

Photomacrograph
(4-5X)

Photomicrograph
(400X)

Fig. 1 A well delineated central
region of fuel containing intergranular gas bubbles. This region exactly
corresponds to the low activity region in the autoradiograph.

above microstructural features.
Out of the 15 fuel specimens, 10
specimens did not show the above
mentioned microstructures.
However, these specimens
revealed a well delineated zone of
fuel characterised by the presence
of optically visible intergranular
gas bubbles. This microstructural
region could be easily observed
not only in the photo -
macrographs but its boundary
could be clearly marked also on
the beta gamma auto-radiographs
of the specimens. Careful
examination of the five fuel
specimens which had operated at
high temperature showed that a
narrow width of such zone also
existed in those specimens and it
was located between the
as-fabricated and the equiaxed
grain growth region. The radial
location where this zone started in
the five high temperature
specimens was found to
correspond to a temperature of
1100±35 C This temperature
was deduced from the extent of
columnar grain growth and
equiaxed grain growth observed
in those specimens. The fact that
the intergranular bubble
formation occurred consistently
at 1100±35°C in five different
specimens, allowed the use of
this microstructural feature as a
temperature marker for
determination of the operating
fuel centre temperatures in the
other 10 fuel specimens which
had been irradiated at low
temperatures. The value of 1100cC
for the formation of intergranular
bubbles was deduced from fuel in
the burnup range 10,000 -17,000
MWD/MTU and hence its validity
may be limited to this burnup
range.



Cutting energy costs during nuclear fuel fabrication

N
ew low temperature
sintering techniques
that will result in

substantial energy savings have
been developed to fabricate UO2

and mixed oxide (MOX) fuel. The
fuel pellets fabricated by these
techniques have been found to
meet all technical specifications
and have also undergone
successful irradiation. The fuel for
most of the power reactors is
either uranium oxide or mixed
oxide (MOX) in sintered pellet
form. The conventional route for
the manufacture of these pellets
consists of sintering at
temperature of the order of 1700°C
in a reducing atmosphere. The
high temperature sintering is the
most energy intensive step in the
entire nuclear fuel fabrication
process and current energy saving
awareness has made several
nuclear fuel fabricators to
investigate newer techniques to
reduce the sintering temperature.
It is known that use of oxidative
atmospheres such asCO2reduces
the sintering temperature to about
1200°C. But this method is not
widely accepted because the
pellets sintered in such oxidative
atmospheres generally have
oxygen/metal ratio greater than
2.015. Hence these pellets need a
subsequent reduction treatment
to lower their O/M ratio. BARC has
developed a low temperature
sintering technique (1250°C) using
oxidative (CO2) or inert gas which
does not need a separate O/M
adjustment heat treatment. The
acceptable O/M is obtained by
adding an organic binder which
undergoes decomposition during
sintering and adjusts the
stoichiometry to the desired value.

BARC has also developed a
vacuum sintering technique that
ensures high sintered density at
low sintering temperatures of
about 1275°C. This vacuum
sintering technique not only
eliminates the dependence on
costly cover gases for sintering
but also overcomes the reported
high uranium losses of
conventional vacuum sintering.
The UO2 pellets produced by this
technique meet all the technical
specifications.

MOX fuel pellets sintered by using
some of these techniques have
already undergone successful
short-term irradiation at heat

ratings of about 490 W/cm. About
100 Kg. of UO2 pellets of PHWR
fuel have been manufactured
using this technique for irradiation
testing at Rajasthan Atomic Power
Station. Such techniques reduce
the energy requirement during
sintering to about half of what is
needed in conventional sintering
and can eliminate dependence on
costly cover gas. These
techniques will also result in
increased productivity and lower
furnace maintenance and offers
special advantages in mixed oxide
(MOX) fuel fabrication.
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Higher grain size UO2/MOX fuel
for improved fuel performance

r T
Typical cracking observed in
0.05% TiO2 doped MOX pellets.

Good quality 0.05% TiO2 doped MOX pellets obtained
with modified treatment.

he conventional fuel
used in nuclear reactors
have an average grain

size between 5 to 15 microns.
Current theoretical models of
fission gas release indicate that
higher grain size will be beneficial
in reducing the fission gas release.
There is also sufficient
experimental evidence to show
that both fission gas release and
fuel swelling can be reduced by
using higher grain size (30 to 40
microns) UO2 and MOX fuel.

Pellets of higher grain size can be
fabricated by using higher
sintering temperature and longer

Microstructure of UO_. pellets obtained with normal fabrication technique
(average grain size 8 microns)

Microstructure of TiO2 doped (0.05 w/o) UO2 pellets (average gain size: 40 microns)

sintering soak times. However
this method is economically
unattractive as it reduces the
productivity. BARC has developed
a fabrication flowsheet for the
production of large grain size
UO2and MOX pellets by adding
small amounts of TiO2- The
addition of TiO2 is well below the
specification on impurity limits of
standard water reactor fuels.
Apart from increasing the grain
size, TiO2 addition has
spheroidising effect on pore
structure of the fuel pellets. Such
spheroidisation can significantly
improve the thermal and
mechanical properties of the fuel.
TiO2 dopant addition to UO2 and
MOX has to be very carefully
controlled since TiO2 - U02/M0X
system indicates an eutectic phase
that melts between 1600-1800°C,
which is the normal sintering
temperature. The solid-solubility
limit of TiO2 in the above system
is around 0.13wt%and hence the
fabrication procedure should
ensure homogeneous mixing of
TiO2 in UO2/MOX matrix to avoid
the presence of such a phase.
Inhomogenous distribution of
TIO2 was found to lead to a
number of pellet defects such as
bulging and cracking during
sintering.

Our investigations revealed that
good milling of TiO2 with UO2
prior to PUO2 addition and an
intermediate soak at 1100°C in the
normal sintering cycle can
eliminate cracking of pellets
during sintering and can produce
good quality higher grain sized
UO2/MOX pellets. These
modifications have little effect on
economy of nuclear fuel
manufacture but may improve the
fuel performance considerably.
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Fig. 1 Superconducting solenoid (10 mm bore)

(axial field achieved = 5.3T)

Fig. 2 Helmholtzpair SC magnet
(field achieved in the working gap 4.05T)

Mui t i f i ia rnentary Nb-T; su:);!rco;uUjCi!-::j

B
"] ARC has successfully
(produced
jmultifilamentary Nb-Ti

superconducting wires. Short
samples from the coils made were
tested for critical current densities
upto 8 T field. The wires can carry
large current densities of the order
2.3 x 105 A/cm2 at 5 T and 4 K.

The process for the alloy
preparation begins with EB
furnace melting of consumable
electrode comprising alternate
layers of Nb and Ti strips held
together by wrapping high purity
Nb wire around the strips. The
major problem associated with
melting of this alloy is the
pronounced coring observed
owing to wide separation between
the solidus and liquidus of the
alloy. In order to overcome the
problem of coring, mechanical
working of the alloy after each
melting was done for evenly
distributing the
micro-constituents and a
minimum of such 3 meltings is
required in order to obtain a
homogeneous alloy. The alloy
homogeneity is checked by
SEM/EPMA techniques. The
melting is done in 50 mm dia.
mould and the length of triple
melted ingot was ranging from
150 to 200 mm. Another problem
encountered during melting isthe
loss of titanium due to large
difference in the vapour pressures
of titanium and niobium at the
melting temperature. The vapour
pressure of titanium is 4 orders of
magnitude higher than that of Nb.
Hence to keep the titanium
concentration constant in the
ingot, melting rate and input
energy are to be standardised.

The alloy selected for this work is
Nb-(46.5 wt% Ti) alloy as it

possesses the highest critical
magnetic field and hence is useful
for high field applications.
Besides high HC2 the alloy has
excellent ductility so that fine
filaments can be drawn in
kilometer lengths. The alloys
containing higher titanium
content {>48 wt% Ti) exhibit poor
fabricability and hence difficult to
draw into fine wires. The alloys
containing lower titanium content
are not suitable as critical current
density achieved is low due to
insufficient alpha-Ti precipitation
required for flux pinning. The
acceptable alloy containing 46.5
wt% titanium and balance
niobium is first cold rolled, and
swaged to suitable diameter
rods. The rods are pickled and
inserted into the round copper
tubes. The composite Cu/Nb-Ti is
men cold drawn to give an outer
hexagonal shape with good
mechanical bond between copper
and Nb-Ti. The cut lengths of
Cu'Nb-Ti elements are packed in a
copper extrusion sleeve with a
view to obtaining desired copper
to super-conductor ratio. The billet
is sealed with lids at both the ends
by EB welding. The billet is hot
extruded to a suitable bar size and
cold-drawn to an intermediate
wire size. At this stage,
precipitation heat treatment is
carried out for long duration at
380°C. The wire is further cold
drawn and twisted to a suitable
twist pitch for reducing
interfilamentary magnetisation
currents. The wires are insulated
with polyester imide. The wire
goes through 90 stages of cold
drawing from extruded bar to the
finished wire size.

The wires developed contain 84
finely drawn filaments of Nb-Ti
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embedded in high conductivity
copper matrix. Each filament is
thinner than human hair. The
wires can carry large current
densitesof the order of 2.3 x 1C5

A/cm2 at 5 T field and 4.2 K.
Kilometer lengths of these wires
with copper to superconductor
ratio ranging from 1.7 to 1.9:1
have already been produced and
facilities are being set up for large
scale fabrication and testing of
these wires.

Fig 3. Indigenous Nb-Ti alloy ingot
(40 mm dia.)

Fig. 4 View of extrusion billet assembly
comprising 84 filaments.

Fig. 5 Nb-Ti Superconducting wires
(0.5 mm dia. 84 filaments).
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Process development for the recovery of
some important metals from indigenous resources

M
olybdenum, niobium
and tantalum are
finding growing

applications in the chemical,
nuclear, electronics and high
temperature furnace industries.
Unfortunately India has no known
deposits of these important
metals and the country's entire
requirement of nickel and
molybdenum is currently met by
imports. A programme of
extracting these metals from the
available natural and secondary
resources was hence initiated
which resulted in the development
of novel methods for recovering
nickel from the byproduct of
Jaduguda Uranium Mill,
molybdenum from the effluents
of the lamp industry as well as
from the byproduct molybdenite
concentrates from uranium
extraction operation, and niobium

and tantalum from the
polymineraiic cassiterite deposits
of Bastar district in Madhya
Pradesh.

The low grade laterite deposits in
Orissa and the ore bodies
occurring in the copper belt of
Singhbhum in Bihar (which
contain very low quantities of
nickel sulphide) are not amenable
to economic recovery of nickel by
the various commercial processes
available today. A process
standardised at Trombay for the
recovery of copper and nickel
from the sulphide concentrates
obtained from the Uranium Plant
at Jaduguda has been sucessfully
demonstrated under plant
conditions. This chloridising
roasting process for nickel
sulphide concentrates is the first
of its kind in the world to be
operated on a commercial scale.

A novel process for the recovery
of molybdenum from the acid
effluents of the lamp industry has
also been developed. The process
in brief consists of adsorption of
molybdenum on activated carbon.
The distribution coefficient for
molybdenum is a maximum at a
solution pH of 2 and falls off on
either side of the pH scale.
Molybdenum loaded on to carbon
is then eluted to yield ammonium
molybdate and further processed
and chemically reduced to
metallic molybdenum powder. In
this novel approach to the
recovery of molybdenum the
chemical costs are very low
compared to the conventional
process.

The Bastar region in Madhya
Pradesh has substantial deposits
of cassiterite - a tin ore contain.ng
5 to 10% niobium and tantalum.
The normal commercial method
of smelting the ore for the
recovery of tin will not yield the
valuable niobium and tantalum
metals in an easily recoverable
form. A combination of hydro and
pyro-metallurgical operations
have to be resorted to. In
collaboration with the MP State
Mining Corporation, a method
was developed to process the
cassiterite ore to yield tin metal
and a mixed oxide of niobium and
tantalum. Based on the process
developed by us a demonstration
plant to yield 2 tonnes/annum of
tin metal and corresponding
quantities of Nb + Ta oxides has
been set up in the URLA Industrial
Estate at Raipur, as a precursor to
large scale plants.
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A DNA repair gene cloned in bacterium
Haemophilus influenzae

A
t least two genes, uvr1
and uvr2, regulate
repair of damage

caused by ultraviolet rays in
DNA. Gene uvri has been cloned
on a high-efficiency, multicopy
plasmid pJ1-8. Clone designated
pKurvi, when added to
UV-sensitive cells, fully restored
their sensitivity to the level of a
normal strain.
Cells exposed to UV-radiation are
inactivated due to lesions induced
in DNA. Cells have the capacity to
repair part or all of the damage.
This DNA repair is under genetic
control. In bacterium
Haemophilus influenzae at least
two genes namely uvri and
uvr2 control DNA repair. Cells

having a mutation in uvri or uvr2
gene are highly sensitive to
UV-radiations. uvr1 gene has been
cloned in a multicopy vector
pJ1-8. The gene is carried on an
11 kb insert (Fig. 1). The clone
designated pKuvri when added
to the cells sensitive due to a
mutation in uvr1 gene became as
resistant to UV as is a normal
strain. However, normalcy in cells
sensitive due to a mutation in a
uvr2 gene could not be restored
when pKuvri DNA was added to
them. This observation suggests
that complementation is highly
specific and that uvr2 gene is not
linked Xouvri and is not carried in
the same clone.

The entire 11 kb insert has been
scanned for the presence of any
other DNA repair genes by a new
method of targeted mutagenesis.
Three additional mutations were
isolated. Their analysis indicates
that some of the DNA repair and
related functions are clustered on
this segment and thus may be
coordinately regulated. Cloned
DNA repair genes eventually may
be utilizable in interspecific
complementation and gene
therapy.

Fig. 1
Physical map of th« uvri clone pKuvri knowing restriction site* of
endonuclease BcoRI, BtmHI, Pttiand Pvull.



Isolation and cloning of a small plasmid from Rhizobium meliloti

lasmids smaller than
10 x 106 molecular
weight have never been

isolated from rhizobia. At BARC
small 6 x 106 Mr plasmid from R.
meliloti has been isolated, which
however is cryptic. This plasmid,
designated pRmDO4b, has now
been cloned in E.coli as a
cointegrate with pBR322.

Very large plasmids have been

isolated from rhizobial species.
Tiiese megaplasmids carry some
of the nod (noduiation) and nif
(nitrogen fixation) genes on them.
Rhizobium meliloti isolated
locally, yielded some very small
plasmids. One of these has been
characterized. The molecular
weight of its DNA was estimated
at 6x 106 both by electrophoresis
and by electron microscopy

(Fig la). The plasmid, however,
is cryptic and apparently does not
carry a drug-resistance marker. It
is cut once with the enzyme BamHI.
This plasmid was recombined
with pBR322 in vitro and then
introduced into E. coli cells.
Marker analysis and DNA
hybridization results suggest that
this plasmid has been cloned as a
cointegrate (Fig. 1b).

Fig. la . Agarose gel electrophoretis of placmid pRmD04b to d«t«rmin« it*
molecular weight.

Lao« 1-pRmDO4b digested with SamHI;
U M 2 - pRmOO4b digested with £eo W;
Lane 3 - pRmtXMb digested with S»l I;
Una 4 - phase 17 M M cot with SauNM; used as DNA standards;
Lane 5 - RmOO4to undigested;
Lane* - pRmtXMb digested with Hind HI.
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pBR322

CLONE 27

pRmOO4b

CLONE 33

Fig 1b. Detection of the presence of small plasmid pRmDO4b ONA sequences in
acointegratewith pBR322.. '-P-fabeledpRmDO4bDNAprobewasmadeby nick
translation. Southern hybridisation shows :
Lane 1 : pBR322 (no hybridisation);
Lane 2 : Clone 27 digested with Bam HI;
Lane 3 : pRm D04b digested with Bam HI;

Lane 4: Clone 33, digested with Bam HI.
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Early interactions in legume—Rhizobium symbiosis

BB-1.

Host- inducad change* in capsular
polys*ccharid«« (CPS) of RUobfum
On cellulose acatata membrane
alectrophoresit. tha nativa CPS rasolvas
into two bands (a);whereas
tha host-induced
CPS separate into three bands (b).
Two of the letter have electrophoretic
mobility different from the nativa bands.

egume roots secrete
substances which
promote the synthesis

of specific capsular
polysaccharides in their rhizobial
symbionts. These host-induced
polysaccharides in turn stimulate
new root wad protein synthesis
and root hair curling, two early
steps in the nodulation process.

It is important to understand the
means by which the plant and the
bacterium recognise each other
and interact during the early steps
of the symbiosis to improve the
efficiency of biological nitrogen
fixation and to extend this
property to other crops.

Using cowpea (Vigna unguiculata),
some of the likely sequence of
early interactions has been
identified. Cowpea roots secrete,
especially during nitrogen
deficiency, substances which

cause the existing
polysaccharide envelope
(capsular polysaccharides, CPS)
of its specific Rhizobium partner
to change its physical and
chemical structure. Instead of two
native CPS components (Fig. 1 a),
the host induced CPS (HI-CPS)
separate into three components
(Fig 1 b) on cellulose membrane
electrophoresis or on
DEAE-Sephadex chromatography.
On interaction with the root
exudate, the proportion of
constituent sugars of the CPS is
altered and arabinose and xylose
appear as new constituents (Fig.
2).

Addition of HI-CPS to cowpea
roots induces denovo synthesis of
root wall proteins and root hair
curling followed by enhanced
nodulation efficiency.

Bo. 2.

Galactose

Glucose

Arabinose
Xylose
Mannose

4 8 12

Incubation Time (h)

The CPS of Rhizobium cultures incubated in cowpea root exudate
change their relative sugar composition.



Role of sodium in nitrogen fixation in cyanobacteria

n the absence of
sodium, N2 fixation
does not occur in

cyanobacteria. Na+ is required for
the efficient uptake of phosphate
from the medium to synthesise
sufficient nucleoside phosphates
(ATP). Adequate levels of
nucleoside phosphates seem
essential for processing
nitrogenase to reduce N2 to
ammonia.

Many cyanobacteria are important
contributors to the nitrogen
economy of tropical paddy fields.
In addition, these bacteria are
unique in simultaneously
assimilating CO2. by aerobic
photo-synthesis.

It has besn found that small
quantities of Na + are essential for
N2 fixation in cyanobacteria. In
sodium-starved cultures of
Anabaena torulosa (Fig. 1),
Anabaena L-31 and Plectonema
boryanum nitrogenase activity is
restored by providing 50-200/xM
Na^. Anabaena species are
aerobic filamentous microbes
with special nitrogen fixing cells
called heterocysts while
Plectonema is an anaerobic,
filamentous and
non-heterocystous microbe. The
need for Na *, in all these strains,
is specific and cannot be replaced
b y K \ L i \ C a ' , o r M g 2 ' .
Processes crucial for expression
of nitrogenase such as
molybdenum uptake, protection
of the enzyme from oxygen
inactivation and conformational
activation of the enzyme are not
affected by Na'. Mo-Fe protein
and Fe protein, the two
components of nitrogenase, are
synthesised in the absence of Na +

but the enzyme complex in vivo is
catalytically inactive.

Sodium seems to be essential for
providing adequate nucleoside phosphates
to support introgenase activity
Addition of Na ' (1 mM| to Na'
deficeint Anabaena torulosa
cultures stimulates MPi uptake ( I
enhances nucleoside phosphate levels I A)
and restores nitrogenase activity (O)

Photoevolution of O2 and CO2
fixation, which are severely
inhibited in the absence of Na4,
are quickly restored by (MH4 +
glutamine of glutamate indicating
that Na4 deprivation affects
photosynthesis indirectly due to
deficiency in the products of N2
fixation.

Na' deprivation decreases
phosphate uptake, nucleoside
phosphate (ATP) pool and
nitrogenase activity. These effects
are reversed by the addition of
Na+ suggesting that a limitation
of available ATP caused by
reduced phosphate uptake results
in loss of nitrogenase activity
during Na" starvation (Fig. 2).

0 05

Fig 1

0 10 0 1 fa
Sodium ConcentrationImM)

0 2 0 0 25

Sodium is needed for nitrogen fixation in cyanobacteria. Na '
deficient cultures of Anabaena torulosa do not fix N2;
addition of 100 /iM Na ' supports optimum nitrogenase activity.
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Transposon 9 DNA amplification control by 6 new genes in E. Coli

ransposon 9 (Tn9),
which is one of the
mobile elements in

bacterium E.col/and which carries
a gene for resistance to antibiotic
chloramphenicol, can increase or
decrease the number of its copies
depending on the genetic
background of the host cells. Six
new genes have been implicated
in the amplification and one in
deamplification of Tn 9.

DNA amplification is characterized
by generation of extra copies
(using in the form of tandem
repeats) per genome of specific
segments of a DNA molecule. In
recent years, with the advent of
new techniques which permit
investigation of short DNA
segments, amplification has been
detected in association with many
biologically important
phenomena such as the resistance
of bacterial and mammalian cells
to chemotherapeutic drugs,
normal embryonic development,
cancer, ageing etc. At BARC, the
molecular and genetic
mechanisms underlying DNA
amplification and the reverse
process of deamplification using
amplification of the
chloramphenicol resistance
transposon Tn 9 as a model
system are being investigated.
The results have implicated
several genes earlier known to be
involved in DNA recombination,
repair and replication in the
amplification process. Six new
amplification genes and one
deamplification gene were
identified and a new molecular
model for the amplification
process (Fig. 1} was proposed.

A new model for DNA amplification that
is dependant on the presence
of direct repeats and the recA-gene
product but does not require replication
of the adjoining chromosomal segments.

30(1 400 500

dim)

Fig 2. Relation between Bilogical activity of Ribulose-1,
5-Bisphoiosphate Carboxylase/oxygenase (RuBisCo) and the energy
transfer between tryptophan residues and pyridoxal-5' phosphate at
the active site. Fluorescence emission spectrum of (1) freshly purified
and activated RuBisCo without pyridoxal-5' phosphate, (2) 6-week old
and activated buBisCo (activity 0 07u units/mg protein) with 50 uM
pyridoxal-5 phosphate and (3) freshly purified and activated RuBisCo
(activity 1.7 untts/mg protein) with 50 uM pyridoxal 5' pyridoxal 5'
phosphate Excitation at 290 nm

Fig. 1



Micropropagation of economically important plants

B

Rg.i

ased on the procedures
of tissue and cell
cultures, economically

important plants can be cloned.
Under this scheme, BARC has
established microprogation
techniques for sandalwood,
mulberry and oil palm. Stem
segments from 30 year-old elite
sandalwood trees were cultured
sucessfully on a nutrient medium
and numerous plants were

regenerated through the
formation of somatic embryos.(Fig. 1)
Sandalwood plants raised in test
tube were established at Trombay.
Flowering in Sandalwood plants
raised through tissue cultures
was observed in 18 months. A
seed-raised plant would take four
or five years for flowering. As
sandalwood plants cannot be
multiplied by cuttings, the
new technique would be of value
in donal multiplication of elite
trees.

In vitro techniques have been
standardised for multiplication of
mulberry. Pre-treatment of axillary
buds and leaves with cytokinin
followed by their culture on a
defined nutrient medium induced
the formation of multiple shoots.
Whole plants were derived from
the multiple shoots. Plants derived
in vitro have been established at
Trombay field. Certain exotic
varieties of mulberry are difficult to
root and this impedes
propagation. Tissue culture
approach would help in rapid
propagation of difficult-to-root
cultivars as well as the elites. This
work is being pursued at the
Central Sericultural Research and
Training Institute (CSTRI), Mysore.

In plantation crops, conventional
methods of breeding and
propagation are often
time consuming and insufficient
owing to low seed set, poor
germination and variability. Cell
culture techniques could be used
to overcome some of these
barriers and to quicken the rate of
multiplication. Cultivation of oil
palm has received considerable
importance and the "tenera"
hybrids of oil palm are under
extensive field trials in India. In
BARC, the tissue culture approach
for multiplication of oil palm was
employed. In cultures of leaves,
callus induction and formation of
somatic embryos was observed.
Such embryos developed into a
large number of shoots some of
which rooted and developed into
complete plants (Fig. 2 and 3).
A procedure for aseptic
germination of oil palm
seeds was also developed. The
rate of germination was enhanced
to 90% and the duration of
sprouting was shortened to 25-30
days. In nature, seed germination
occurs in 150 days. The above
technique is advantageous in
hastening the period of
germination.

Rg.3



B i o - Pesticides

Fig. 1. Bacillus thuringiensis var kenyar

Fig. 2. Black hairy Caterpillar larvae attacked by B.T. var Kenyae.

B
iopesticides are gaining
importance as
alternatives to chemical

pesticides."; .e widespread use of
chemical pesticides has
developed resistance in some
insects and has exterminated
predators of several insects.

Biopesticides are based on insect
pathogens. They are specific to
the insects and are
non-pathogenic to other animals
including man.

BARC has isolated over twenty
such pathogens like bacteria,
fungi, viruses and protozoons
from diseased insects and
demonstrated this pathogenicity
in a wide variety of insect pests of
agricultural and medical
importance. Prominent among
the isolated pathogens are the
B.thun'ngiensis varieties Kenyae
and Kurstaki, B. Sphericus,
Granulosis virus of the potato
tuber worm and the castor
semitooperand nuclear
polyhedrosis virus.

^ s*

V
Fig. 3. Sphaerices (WHO 2173)



Fig. 4. Normal i. osquito larvae and those killed by B. Sphaericous.

Fig. 5. G.V. of the army worm larvae X 40,000.

Fig. 6. Army worm larvae attacked by GV.
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Nuclear techniques in tropical diseases

iagnosis is the first step
in the control of disease,
both in the individual

and in the community. Recently,
with the development of
monoclonal antibodies and
improvements in serological and
nuclear techniques, there has
been a renewed, revitalised
interest to develop immunological
methods in the diagnosis of
tropical diseases.

RIA methods were developed and
standardised for the detection of
tubercular antigen. If antigen is

LIQUID SCINTILLATION COUNTING
ASSEMBLY FOR 14CO2 DETECTION
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detected it indicates the presence
of the organism in the body and
hence implies that the disease is
active. On the other hand the
infected person, as a result of
immunological defence
mechanisms initiated by the
presence of the organism in the
body, will develop antibodies to
the organism in an effort to rid the
body of the organisms. RIA
techniques to detect the
antibodies to tubercular disease
should indicate that the body
mechanisms are in action due to
the presence of the organism.
Together, the detection of
tubercular antigen and
antitubercular antibody would be
diagnostic of disease. Apart from
the sensitivity offered by RIA, its
greatest virtue is the ability to
handle a large number of samples
at one time. These techniques are
laboratory based and samples
collected in the field for
epidemiological surveys need
only be transferred to the labs.

RIA of tubercular antigen and
antibody were evaluated in a
variety of tubercular disease at
the Radiation Medicine Centre of
BARC (Table I). Diagnosis is of
course only a beginning in the
measures for control.
Improvements in treatment and
prevention also would go a long
way in final health measures.

Similarly RIA methods are being
applied to enhance diagnosis in
diseases like malaria, filaria,
leprosy and many other tropical
diseases. The studies are still in
the preliminary stages confined to
laboratories but will eventually be
tested in the fields to establish
their usefulness. Fig. 1 shows
efforts to utilise RIA for leprosy

detection in contacts and
household members and patients
suffering from leprosy. The utility
of these sensitive techniques in
diagnosis and in field studies is
obvious.

A rapid and simple in vitro
radiorespiremetry technique has
been developed at the Radiation
Medicine Centre of BARC for
testing susceptibility of
mycobacterium tubercle bacilli to
drugs using a biphasic vial system
(BVS) (Fig. 2). The BVS system
consists of an inner sterile
metabolic vial containing
Lowenstein-Jenson medium as a
nutrient support, 14C-labelled
acetate as a radioactive substrate
and the organisms under test. The
production of 14CO2 indicates
presence of metabolic activity and
hence a living organism. Drug
susceptibility testing is based on
the measurement of quantitative
decrease in 14CO2 production
from metabolism of "I^C-labelled
substrate in presence of drugs
incorporated into the medium.
Inhibition of metabolic activities
in presence of drug, indirectly
indicates inhibition of bacterial
growth and hence susceptibility
to drugs. (Fig. 3).

Using the BVS, a mean detection
time for mycobacterium
tuberculosis in 84 sputum
samples was reduced to 10.7 days
in comparison with 21 days
required by conventional
microbiological method.

Nuclear techniques have been
conclusively proved to be the
most definitive and reliable
methods available to the doctor
today. "New medicines in old
bottles" can be very effective in
control of diseases.



Table 1
Radioimmunoassay of tubercular antigen and antibody in clinical practice

1. Pulmonary Tuberculosis
a) Sputum
b) Bronchial secretions
c) Controls

II Pulmonary Tuberculosis
a) Blood

Untreated patients
Treated patients
Controls

b) Pleural tuberculosis

III Abdominal Tuberculosis
Ascitic fluids

IV Tubercular Meningitis
a) Cerebrospinal fluid
b) Blood
c) Controls

Tubercular antigen
x -
ng

58.5 •
55.5 •

4.4 •

19.1 •
6.2 •
2.2 •

77.25-

70.2 '

51.1 *
11.6 '
3.7 '

SE
ml

6.7

9.9

0.2

2.3
1.7
0.3

20.5

18.2

5.1
2.7
0.54

Tubercular antibody
X • SE

Reciprocal
Antibody titres

-

-

-

145.3 • 62
832 • 48

1619 • 38
10.22 • 7.23

29.97 < 6.89

1167.7 » 129
641.2 < 117.5

2851.3 • 313

All values in patienis siynificantly different p .001 from controls.
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Potential uses of immobilized enzymes and multienzyme complexes

ome suitable supports
as well as methods to
immobilize biocatalysts

have been developed in BARC.
Enzymes have many properties
which make them ideal industrial
catalysts. They can operate with
high degree of efficiency and
specificity under extremely mild
conditions of pH, temperature
and pressure. The reactions which
are controlled by enzymes are
numerous. Despite these
potentials, they did not find wide
use because of their high cost,
instability and the difficulty of
separating soluble enzymes from
reaction products.

Recently developed techniques
for immobilizing and modifying
enzymes without destroying their
activity have greatly increased

Fig. 1.
Support beads containing
immobilized microbial cells/enzymes.

their use by permitting their
multiple re-use, increasing their
stability and preventing product
contamination in various types of
continuous reactor systems. Thus
immobilized enzymes and
microbial cells are now finding
wider industrial, medical and
analytical applications for specific
chemical conversions.

Continuous conversion of sucrose
to fructose and gluconic acid
The potential of fructose as a
natural sweetner has been
recognized in view of its
physico-chemical properties and
the ease with which it is utilized in
diabetics. Gluconic acid can find
number of industrial uses
specially in the pharmaceutical

Fig. 2.
Laboratory scale set up for continuous
treatment of urea effluents using
ureolytic microorganisms.

Enzymes and microbial cells were
immobilized in porous, spongy
polyacrylamide support obtained
by polymerization at low
temperature (~75°C) using 60"Co
gamma-rays. Immobilized enzyme
preparations in different forms
like beads, tubes, bags,
membranes etc could be obtained
using this technique. Hen egg
white was also shown to be an
inexpensive, nontoxic,
self-sterilizing support for
immobilizing biocatalysts. The
following systems have been
devised.

118 119

field for the preparation of metal
chelates. An immobilized
multienzyme complex consisting
of invertase, glucose oxidase and
catalase was constituted for this
purpose. Glucose oxidase from
Asperegillus niger was artificially
bound using Con A to yeast cells
induced for catalase and
invertase. The cell-enzyme
flocculate was then immobilized
in polyacrylamide using
gamma-rays and was used in a
continuous stirred tank reactor
system for the conversion of
sucrose to fructose and gluconic
acid, which could then be
separated on a suitable
on exchange resin.

Hydrolysis of milk lactose

A large number of individuals
suffer from lactose intolerance, a



disease in which milk
consumption in any form results '
in gastro-intestinal disturbances.*"
The lactose in milk could be
hydrolysed using immobilized
S-galactosidase without altering
its nutritional value. Immobilized
K-galactosidase was obtained by
cross linking the enzyme in hen
egg white. The gel obtained was
lyophilized and can be used
repeatedly at a domestic scale for
the hydrolysis of lactose in milk.
An immobilized multienzyme
complex consisting of
coimmobilized glucose oxidase.
Con A and£ co//cells induced (or
(i-galactosidase was also shown
to be useful in the continuous
preparation of low lactose milk as
well as for extending its shelf-life

through the initiation of the
lactoperoxidase system.

Immobilized D-amino acid oxidase
D-amino acid oxidase (D-AAO)
can find application in the
separation of natural L-amino
acids from chemical racemates
with the simultaneous formation
of * keto acids which are gaining
importance as therapeutic agents
in the treatment of chronic uremia.
The yeast Trigonopsis variabilities
was found to contain a D-AAO
which can act on most of the
known amino acids. These cells
have been stabilized along with
catalase and MnO2
in polyacrylamide beads and used
for the continuous preparation of
keto acids.

Biological treatment of waste water
Ureolytic organisms that can
tolerate high concentration of

urea (4000 -15,000 mg urea N/L)
and ammonia (600 - 3200 mg
ammonia N/L) were isolated from
waste water lagoons of a urea
factory and were immobilized
either in agarose beads or on
activated charcoal. The
immobilized living cells were
found effective in the removal of
urea from effluents.
In recent years the ground water
supplies are being contaminated
by nitrate from industrial wastes
and nitrogenous fertilizers like
urea. Water containing nitrate
nitrogen exceeding 10 mg/L is not
considered potable and safe, as it
is known to cause infant
methaemoglobinemia.
Denitrification of such water was
achieved using biological catalyst.
Pseudomonas denitrificans cells
immobilized in ca-alginate have
shown promise in the continuous
denitrification of potable water
supplies.

3 K-galactosidase hen egg white beads used for
the continuous hydrolysis of lactose in milk.

Fig. 4. Hen egg white beads containing immobHizad biocatalysts.



New approach tc aflatoxin free storage

I
l xperiments earned out •

C ! at BARC have shown
j that there was an inverse

relationship between the
production of ethylene (in
trophophase) and aflatoxin
formation (in idiophase). It was
observed that the toxin biogenesis
by the fungus was inhibited by
incorporation of
2-chloroethylphosphonic acid
(CEPA) in the fungal cultures.
Ubiquitous moulds Aspergillus
flavusandA. parasitiouscan grow
on foods and feeds when •
conditions of humidity and
temperature are conducive.
These fungi produce secondary
metabolites such as aflatoxins,
some of which are potent
carcinogens. During the initial
phase of growth, the metabolism
is essentially towards the
elaboration of primary
metabolites needed for active
growth. On the other hand, the
organism after completion of •
primary growth enters into *
stationary (idio) phase, when the
metabolic reactions are diverted
towards productidb o.f secondary
metabolites, which include toxic
compounds. Thus profound
changes take place in the
physiology of these fungi. It was
observed that these fungi produce
ethylene during the primary
growth phase. CEPA is known to .
release ethylene by a simple base
catalysed non-enzymatic reaction.
This compound is commonly used,
commercially for treatment of
plants and fruits mainly as a
ripening hormone. CEPA does not
affect the growth of the organism,
though aflatoxin synthesis was
completely inhibited. CEPA not
only arrested the toxin synthesis
but also the precursors of

aflatoxin were not detectable.
This study thus brings out the
involvement of ethylene in the
regulation or inhibition of
secondary metabolism.

Large quantities of agricultural
commodities face rejection due to
aflatoxin contamination.
Therefore, the present studies
point to a new method of storage
in presence of CEPA for
preventing aflatoxin formation ir.
the stored agricultural
commodities. This method has
shown efficacy for storage of
wheat and groundnuts even when
the temperature and humidity
conditions were otherwise
adverse.
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Fig.1
The reciprocity between ethylene and aflatoxin
biogenesis. Afiatoxin producing mold generates
ethylene in early growth phase (Trophophase).
whereas toxin formation starts unly when
ethylane evolution stops in the stationary phase
of growth (Mk>phase|.

CEPA treated and untreated groundnuts after three months storage at the room
temperature.



iduced mutations in pulses

TAP 7 of Mungbcan

TAU 1 of Stock Gram lurid)

•—•• lulsesform an important
D component of Indian
_ diet and are the

principal source of protein for
vegetarians. Mutation
experiments in three important
pulse crops, viz. pigeon pea
(Cajanus cajan. arhar, tur), green
gram (Vigna radiata.mung) and
black gram (Vigna mungo, urid)
have resulted in the development
of several improved varieties.
Four of these T. Vishakha-1,
TAT-10 (pigeon pea), TAP-7 {green
gram) and TAU-1 (black gram)
have been approved for
commercial cultivation by the
farmers and have been notified by
the Ministry of Agriculture.

Mutation experiments on pigeon
pea were initiated with the
objective of isolating large seed
size mutants in the widely grown,
early maturing variety T-21.
Several mutants with large seed
size were isolated and initially
tested at Trombay. Subsequently,
they were evaluated at different
locations. Two cultures TT-5 and
TT-6 proved to be superior in yield
to the other entries in the early
maturity group (135-140 days)
and consistently maintained large
seed size. Hybridization with
induced mutants resulted in
isolation of extra early culture
(TAT-10) maturing in 110-115
days.

Exposure of seeds of green gram
to gamma rays and neutrons has
resulted in isolation of over 70
true breeding mutants. These
mutants show alterations in
morphological, physiological and
biochemical characters. Selection
of plants with increased
productivity among the mutants
and their use in hybridization has
led to the isolation of several
higher yielding cultures. One of
these, (TAP-7) was extensively
tested and was released for
cultivation. It has givlen, on
average, about 20% higher yield
compared to the cultivars
currently grown. Varieties
superior to TAP-7 at Trombay
have been identified and are
under test.

Over 65 true breeding mutants of
black gram have been isolated
and are being used to develop
superior cultures with large seed
size. One selection, TAU-1, which
performed well has been released
for cultivation.

Limited amount of nucleus and
breeder's seed of the released
varieties is produced at Trombay.
Seed multiplication of new crop
varieties developed at BARC has
been taken up by Agricultural
Universities and Maharashtra
State Seeds Corporation. About
334 metric tons seeds of t h e n
varieties were produced during
1985. The area grown under these
varieties is expected to increase
with the availability of certified
seed.
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Phenomenon of rewetting of hot horizontal surfaces

T
he Emergency Core
Cooling System (ECCS)
provided to mitgate the

consequences of Loss of Coolant
Accidents (LOCA) can be effective
only if rewetting of the fuel
cladding surface occurs. The
phenomenon of rewetting of hot
horizontal channels has not been
studied very well. An " „
understanding of this
phenomenon is essential for
proper modelling of the
emergency core cooling after a
Loss of Coolant Accident in
PHWRs. Experimental
investigations carried out in BARC
indicate that there is a transition -

in the rewetting behaviour around
the Leidenfrost temperature.

In the first phase of the study
experiments on the reweuing of
flat hot horizontal surfaces were
carried out at atmospheric
pressure to gain a basic
understanding of the
phenomenon. Nucleate boiling
has been found to occur in the
surface temperature range of 120
to 190 C, the intensity being
higher at higher temperatures. At
atmospheric pressure, the
sputtering temperature is about
200 *C. Immediately after
rewetting, the surface

temperature falls to about 120 to
130"C, thus indicating that the
water and surface temperatures
immediately behind the wet front
are close to saturation
temperature. At initial surface
temperatures above 400"C
sustained film boiling occurs
downstream of the wet front,
whereas below 300X only
sputtering occurs. The rewetting
velocity, u, increases as the water
flow rate increases and decreases
as the initial surface temperature
is increased.
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A transition in the rewetting
behaviour is obseived around
350 C. which is the estimated
Leidenfrost temperature.
Rewetting experiments have been
carried c Jt on two Annular Test
Sections with the inner tube being
heated, the initial surface
temperature varied from 300 to
600 C. These experiments
indicate that stratification effects
are significant, especially at iow
flow rates. Considerable chugging
occurs and flow and pressure
oscillations are noted at higher
flow rates. The rewetting velocity

has been found to be reasonably
uniform along the length of the
test section, only at higher values
of initial wall temperature. The
effect of internal heat generation
is to reduce the rewetting velocity.

The observations made in these
studies lead to the following
conclusions regarding the
modelling of rewetting of hot
horizontal channels. While only
sputtering occurs ahead of the wet
front when the surface
temperature lies between the
sputtering and Leidenfrost
temperatures, sustained film

boiling occurs when the surface
temperature is greater than the
Leidenfrost temperature. In the
range from the sputtering to
Leindenfrost temperatures
transition boiling correlation can
be used, whereas above the
Leindenfrost temperature film
boiling correlation can be used.
The experiments indicate that
various flow regimes such as slug
flow and dispersed flow are likely
to be encountered and the model
should have provision for
identification of flow regimes and
flow regime transitions.
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Fig. 2. ftawctting velocity along different peripheral locations on the innar tuba.
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Thermosyphon cooling phenomenc
in loops with horizontal heaters
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uclear reactors continue
to generate heat even
after they are shut down

due to the decay of fission products
Unless the heat generated is
effectively removed under all
possible conditions including
abnormal and accident conditions,
fuel overheating will occur leading
to undesirable consequences.
Natural circulation cooling of
reactor core is anticipated under a
variety of abnormal
conditions. Important among
these are loss of pumped
circulation and a small break LOCA.
Reported results on
thermosyphon in loops with
horizontal heated chanels are very
few. Phenomenological
experiments were carried out on
thermosyphon cooling in a loop
with horizontal channels.

These include studies on transient
and steady natural convection.
The transient conditions
investigated are the initiation of
flow from rest state and the
transient from one power level to
another. From these studies the
following conclusions are drawn.

From a stagnant initial condition,
thermosyphon flow initiates in
either direction. Below a certain
power, flow does not initials.
However, after initiation at a
higher power, natural convection
flow is maintained even if power
is reduced to very low values. The
effect of an increase in the initial
power is to reduce the time to
initiate the flow. Variations ir>
secondary cooling flow rate
significantly affect natural
convection flow only if the
secondary cooling flow rate is
reduced to very low values. The
steady natural convection How
was found to be stable for the
entire range of power tested.
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New techniques for evaluation of residua! stresses

tudies on analysis of
residual stresses
become necessary in

view of fracture inter-grannular
stress corrosion cracking and
dimensional stability problems in
various nuclear components. By
its very nature, residual stresses
are difficult to quantify. Tne
techniques for evaluation of
residual stresses have therefore
been actively pursued in recent
years.

In analytical techniques, the
numerical models based on the
finite element method are
generally two dimensional. The
most fundamental assumption
incorporated in the analysis is the
uncoupling of the thermal and
mechanical analysis. Thermal
analysis may be performed first,
defining the temperature field
throughout the history of the
weld. Then the stress analysis is
done based on this history. The
thermal problem associated with
manufacturing processes
requires consideration of heat
input to the joint, heat
transfer and storage mechanisms
in the material and boundary heat
transfer from the structure to its
surrounding. A code WELTEM is
developed to compute nonlinear
temperature distribution during
mechanical processes using
conventional isoparametric finite
element temperature distribution
theory for plane and axisymmetric
geometries and modified
Crack-Nicholson solution scheme.

Legend
5 Circumferential distance

weld line in mm.
T Top surface
6 Bottom surface

Fig. 1. Temperature transient* during cylinder welding



Stress computation during
mechanical processes is
essentially a thermo-mechanical
problem. Considering the large
computer time required for a 3-D
analysis, a 2-D simulation seems
to be unavoidable. Mechanical
processes on large components
such as but welding of long plates
and cylinders demand for a plane
strain simulation. A new plane
strain thermo-mechanical
formulation is developed, which
takes into consideration creep as
well. A computer code THESIS is
developed using this formulation.

In the stress relaxation technique
residual stress is determined by
measuring the elastic strain
release that takes place when a
specimen is cut into pieces or
when a piece is removed. Strain
release during stress relaxation
can also be determined by using
grid systems, brittle coatings or
photo elastic coatings ins'tead of
the electrical or mechanical
strain guages An inherent
disadvantage of stress-relaxation
techniques is that they are
destructive; the specimen must
be partially or entirely sectioned.
Nevertheless, the stress
relaxation technique provides
reliable quantitative data and are
the most widely used for
measuring residual stresses.
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Residual stress measurements in pipes and channels.

Hole drilling set-up with air drill for measurement of
residual stresses.

Residual stress measurements on Zirciloy-2 pressure tube
(after sleeve removal).



Three wire thermocouple technique for
measuri'Ti surface temperature of
conductor carrying high currents

r |n order to measure the
I surface temperature

Jj rapidly of tubes carrying
high currents the three wire
thermocouple method has been
successfully developed. The
method consists in attaching three
equally spaced thermoelectric
wires on to the tube, the extreme
wires having the same
thermoelectric polarity and the
middle wire having the opposite
polarity. Thus, if a Chromel Alumel
thermocouple is to be used, one
Alumel wire will be attached at
the point whe. e temperature is to
be measured and two equally
spaced Chromel wires will be
attached on either side of the
Alumel wire, a typical spacing .
being of the order of 0.5 cm. With
these three wires, a Wheatstone

bridge circuit is then made with
the two thermal e.m.fs. (between
the Alumel wire and each one of
the Chromel wires) acting on the
adjacent arms of the bridge.

By this arrangement, it can be
seen that in the detector circuit,
while the thermal e.m.fs. in the
two arms of the bridge act in the
same direction, the two voltage
drops due to the heating current
flowing through the tube act in
the opposite direction and get
cancelled; thus the detector
monitors only the thermal e.m.f.

In addition to accurate
measurement of surface
temperatures of current carrying
tubes, this technique can be used
to detect the onset of burn out or
critical heat flux very precisely.



Precise measurement of moderator level changes in the Dhruva reactor

0
~ine needs to know
[accurately the change
jin moderator Ic-vel while

measuring th? reactivity load of
any experimental assembly. The
total range of moderator level is
about 4 meters and a level change
of about ±100 millimeter is to be
measured to an accuracy of ± 1
mm. Any usual method of level
measurement cannot give this
accuracy ± 1 mm in a range of
4000 mm.

In order to meet the stringent
requirements of moderator level
measurement for physics
experiments, a new "Vernier
Transmitter" concept has been
developed and used in the Dhruva
reactor.

Two transmitters are used in the
Dhruva reactor, one similar in
function to the main scale in the
vernier calipers and the other
similar in function to the vernier.
The first transmitter is used to
measure the reference level, from
which level changes are to be
monitored. Since the absolute
value of this reference level is not
required to be known very
accurately, conventional method
is employed. The vernier
transmitter is a differential
pressure instrument, the high
pressure side being connected to
the level tapping of the reactor
vessel and the low pressure side
being connected to a variable
reference leg. The low pressure
side and the high pressure side
are connected through an
equaliser valve. This 'vernier
transmitter' is a centre zero
instrument, with a small range,
viz., -100toOto +100 mm. In
operation, first the equaliser valve
is kept open and the level in the
reactor vessel is transferred to the
variable reference leg. Afterwards
the equaliser valve is closed. Now
the vernier transmitter measures
any change in the reactor vessel
with reference to the level locked
up in the variable reference leg,
which is measured by the first
transmitter mentioned above.
Since the 'vernier transmitter' is
of low range, it becomes possible
to measure small changes in
the level very accurately.

HELIUM HEADER

(—100-0 — 0 — 4 1 0 0 0 MM )
MAIN TRANSMITTER

( 0-0 — 4 0 0 0 . 0 MM)

1. V . I , THE EQUALIZER VALVE FOR THE VERNIER TRANSMITTER IS NORMALLY

KEPT OPEN ALONC WITH V-2 AND V.3 . LEVEL IN THE VARIABLE

REFERENCE LE6 IS SAME AS THAT IN THE REAC VOR AND THE MAIN

TRANSMITTER MEASURES THE LEVEL.

2. V . I , IS CLOSED AND THE LEVEL IN THE VARIABLE REFE«ENCE LEG IS LOCKED.

THE VERNIER TRANSMITTER NOW READS THE DIFFERENCE BETWEEN REACTOR

LEVEL AND VARIABLE REFERENCE LEO LEVEL.

MEASUREMENT OF MODERATOR LEVEL CHANGES IN THE

DHRUVA REACTOR

AMK/NCG H-7-»S



Dhruva instrumentation system

Dhruva control room

lectronic Instrumentation
systems of Dhruva
reactor make extensive

use of the state of the art solid
state technology devices like
Linear Integrated Circuits, CMOS
digital logic gates and LSI
microprocessors.

Dhruva reactor regulating system
is a triplicated analog control
system designed using precision
linear integrated circuits and solid
state switches.

Reactor safety and emergency
systems are based on CMOS
digital integrated circuits. Apart
from saving in space and power
the CMOS system has offered the
advantages of easy
maintainability and automatic
on-line checking and annunciation
of faults by the use of a Fine
Impulse Testing (FIT) unit based on
standard microprocessor cards.

The FIT unit simulates all the
possible input fault combinations
to the logic system and monitors
all the system outputs for correct
logic status. In the event of a
failure, the fault is diagnosed to
the card level and faulty card
number is displayed on the panel.
Failure of the FIT system does not
affect the safe operation of the
main logic system.

Reactor channel monitoring
systems of Dhruva reactor
continuously monitor safety
parameters in reactor channels.
These parameters are the coolant
outlet temperature flow and
activity. The alarm conditions of
these are displayed on matrix in
the control panel. A
microprocessor based system
monitors the temperature values
and displays on the control panel.

The control and other data are
displayed on colour CRTS in the
logical fashion after processing,
which enables optimum
interaction between the operator
and the plant.

This is the first reactor in India
with a semi-conductor based
safety system as well as extensive
regulating and instrumentation
system based on intergrated
circuits.



Control system for PURNIMA-II

PURNIMA II reactor assembly

URNIMA-llisazero
power reactor with
U 233 as uranyl nitrate

solution as fuel. The reactor is
controlled by the movement of
two control absorbers moving
inside the beryllium reflectors
surrounding the core vessel. In
addition, there are two shut-off
plates held by magnets which fall
into the reflector region under
gravity and shut down the reactor
when a scram signal is recieved.
A reflector drop mechanism which
removes from the core region a
substantial portion of the
beryllium provides the largest
reduction in reactivity. The liquid
level in the core vessel is also
controlled. The fuel solution is
pumped into the core through a
weir cup with over-flow facilities.
The weir cup and core vessel are
connected by double walled
piping and hence the level of fuel
solution in the core vessel cannot
exceed the level of liquid in the
weir cup. A drive mechanism
facilitates vertical movement of
the weir cup thereby enabling
control of fuel solution level in the
core vessel. Two independent
methods to measure the level of
fluid in the weir cup ensure
adequate safety. The weir cup is
situated inside a glove box in the
reactor hall, away from the reator
vessel. Any leakage of fuel
solution can be easily detected by
monitoring tne space between the
two walls of the connecting pipe.
A zero leakage pump is used to
pump the fuel solution, and
solenoid valves are used to route
the flow. Digital indications are
provided for absorber positions.
An ultrasonic probe located at the
bottom of the core vessel provides
a third direct indication of the
liquid level.



High performance radiation resistant solar cells

H
igh performance
radiation resistant solar
cells are used to power

the on-board systems of a
satellite. A process has been
developed which usesP-type
silicon. All the inputs execpt
silicon are available in the country.
The process utilises dopants and
other pure materials which are
manufactured by the Nuclear Fuel
Complex at Hyderabad. The
current collecting grid geometry
is achieved by using a metal mask.
A 50 micron grid width has been
achieved. One version of the metal
mask can be held by a magnet.

The cells were evaluated on-board
Indian Space Missions and have
been proved to be space worthy.
More than 1000 cells have been
supplied to the Department of
Space.

BARC solar call panel being tested for use
on SLV-3 Satellite at VSSC.Trivandrum.
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Microprocessor based image analyser

rA
n image analyser based
on Z-80 microprocessor
incorporating facilities

for image acquisition and
computation of geometrical
parameters over a 256 x 256 pixel
frame has been developed.

The system performs four basic
functions, namely imaging, data
acquisition, data analysis and
presentation of results. Imaging
section consists of an optical
microscope coupled to a CCD
scanner. The signal output is
suitably amplified, digitized using
a 6-bit video A to D converter and
detected incorporating software
selectable upper and lower
thresholds. The resulting binary
image is stored into a 8K x 8 bit
image memory for display and is
transferred into the

microprocessor memory for
analysis. Evaluation of area,
perimeter, horizontal projection,
vertical projection and feature
count is performed for the field
under view. Facilities exist for
feature erosion/dilation and halo
correction. Operator interaction
with the system is accomplished
under the control of a system
monitor. Normally a query
procedure guides the user step
by step making the dialogue user
friendly. Results of analysis are
displayed on a CRT terminal with
a provision for hard copy printout.

This image analyser is an
inexpensive solution for
measuring structural features in
the image frame under view. It is
a versatile tool for field specific
parameter evaluation.
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Thyristor chopper for energy conservation in railways

I jthyristor chopper
j / \ (enables smooth and
| ^ ^ [efficient speed control
of D.C. motor operating from a
D.C. bus. The most important
application is in traction. BARC
has developed one such
equipment for the control of
Electric Multiple Units (EMU) of
suburban trains.

1500 volts D.C., Broad Gauge
EMUs at present in service with
the Indian Railways use resistors
in series for starting the
traction motors. These resistors
are gradually, eliminated by means
of contactors as the train gains
speed. The energy loss in the
starting resistors is considerable,
especially in the suburban trains
which start and stop very
frequently. The thyristor chopper

is a mechanism for smooth control
of the voltage across the motor
terminals by sensing the motor
current. The use of thyristor
chopper, instead of resistors, in
the EMU results in a saving of
about 19% of the total electric
energy consumption. Considering
that the energy consumption by
the suburban section of the
Central Railway alone is about
350 million units per year,
adoption of thyristor chopper,
instead of starting resistors, leads
to a net saving of about 66 million
units of electricity per year.
Thyristor chopper control, in
addition to reducing energy
consumption, has additional
advantages such as reduced
maintenance problems, smooth
starting,and reduced wheel slip.

Thyristor chopper equipment.
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Shut-off rod drive mechanism for Dhruva reactor

A
set of nine mechanical
shut-off rods act as the
primary shutdown

system in the lOOMW(th) natural
uranium fuelled heavy water
moderated Dhruva reactor. The
shutoff rods have a total reactivity
worth of 100 mk. A highly compact
shut-off rod drive mechanism has
been developed so that the
shut-off rod locations can be
interchanged with fuel assembly
locations.

A rope-drum type of drive
mechanism is designed to conirol
the movement of shut-off rods.
During normal operation of the
reactor, all the nine neutron
absorber assemblies of cadmium
are parked 25 cm above the top of
the fuel elements in the reactor
core. Each absorber assembly
weighs about 26 kg. On a reactor
trip signal, the eletro-magnetic
clutches are deenergised and all
the rods drop down under gravity.
The initial fall of the rods is
assisted by accelerating springs
which help the rods come down
to the most effective zone in the
reactor core in the shortest
possible time. The total drop time
for a drop length of 330 cm is two
seconds. Towards the end of the
traverse, the motion of the rods is
damped by an oil damper. About
99.3% of the kinetic energy of the
rods is normally absorbed in the
oil damper.

Shut-off drive mechanism for Dhruva reactor
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Channel temperature monitoring system for the Madras Atomic Power Station

A
microprocessor based
system for monitoring
the outlet temperatures

of all the 306 channels and the
differential temperatures in the
boilers has been built and
commissioned in the first unit of
the Madras Atomic Power Station.
The system determines the outlet
temperature with an accuracy of
0.1°C. and generates and displays
a map of power distribution in all
the channels. The system has the
provision to compute
safety-related parameters and to
give alarms. It also facilitates
extensive operator plant
communication in a logical
interactive fashion.

The first unit of MAPS is the first
power reactor in India which has
been provided with a system of
this kind.

Channel temperature monitoring system for MAPS
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Sodium pump speed control system

T
he Fast Breeder Test
Reactor (FBTR) is a 40
MW (thermal) fast

reactor, cooled by liquid sodium
flowing into primary loops. Liquid
sodium will be circulated by two
primary and two secondary
pumps. These four vertical
centrifugal pumps will be driven
by d.c. motors. The flow variation
required for operating the reactor
will be achieved by varying the
speed of the pump motors.

The absolute necessity of the
pumps to be in operating
condition to ensure safety and to

fulfil the operational requirements
of the reactor demands a highly
reliable power supply system. In
addition to this, in case of power
failure or disconnection of power
supply, the pump shall slow down
progressively to match the heat
decay rate of the reactor. This
requires storing of energy during
healthy operation. It is
accomplished by the inclusion of
additional inertia in the form of a
flywheel in the drive system.

In addition to this, to make the
system more reliable, an
emergency battery will be

provided for primary pumps so
that they can be operated for at
least one hour during failure of
both grid and standby diesel
generator power.

The "Ward Leonard" group is
well suited for these
specifications. It provides higher
torque at the time of start-up and
enables the use of a flywheel
which can be driven at higher and
practically constant speed. Since
there is no mechanical coupling
between flywheel and pump
motor, the pump motor can be
accelerated in a short time.
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Shut-off rod drive mechanism for Narora Atomic Power Project reactor

T
o conform to
international safety
practice, two

independent fast acting shutdown
systems based on diverse
principles of operation have been
adopted in NAPP reactor. The
mechanical shut-off rods act as
primary shutdown system
whereas the liquid shut-off rods
constitute the secondary
shutdown system. This choice is
based on engineering simplicity
and high reliability of mechanical
shut-off rods.

A rope-drum type of drive
mechanism is designed to control
the movement of shut-off rods.
During normal operation of the
reactor, a set of fourteen numbers
of neutron absorber assemblies
of cadmium are parked 530 mm
above the moderator level in the
calandria. On a reactor trip signal,
the electro-magnetic clutches are
deenergised and all the rods drop
down under gravity
simultaneously. The initial fall of
the rod is assisted by an
accelerating spring so that the rod
comes down to the most effective
zone in the reactor core in the
shortest possible time. During the
last 46% of downward traverse,
its motion is damped by an oil
damper. A continuous indication
of rod traverse is provided by
rota ry va ri a b I e d iff e renti a I
transformer. The lower chamber
of the mechanism containing
rope-drum and guide pulleys
operates within the helium
boundary of cover gas system.
The remaining parts of the
mechanism operate in ambient
air environment.

Shut off rod mechanism for NAPP reactor
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Dhruva reactor

eginning with Apsara
commissioned in 1956,
the Bhabha Atomic

Research Centre at Trombay has
built four more nuclear research
reactors. The fifth one, Dhruva,
is a 100 MW heavy water
moderated and cooled thermal
research reactor, completely
designed and built in India.
Dhruva will produce a number
of radio isotopes of high spec-fic
activity and will serve as a tool for
research in frontier areas of
nuclear science and technology.

The design of Dhruva
incorporates a number of new
features which were the result of
considerable research and
development work carried out at
Trombay. A number of 'ndian
industrial firms and BARC have
between them shouldered ihe
responsibility of fabricating all the
major components of the reactor,
such as the reactor vessel, fuelling
machines and heat exchangers.
The maximum thermal neutron
flux of i 8 x 1014 neutrons per cm2

per second makes Dhruva one
of the high flux research reactors
in the world.

The realtor went critical in August
1985.
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Trombay reprocessing plant meets the initial core requirement of
plutonium for fast breeder test reactor

T
he Trombay Plutonium
Plant whic'n had a
unique experience and

a challenging task of
decommissioning followed by
recon^ .ruction with increased
capacity after an initial useful life
span, was recommissioned during
June 1983. The Plant created a
record of achieving full rated
design capacity within a very short
period after commissioning,
contrary to the experience
reported elsewhere in the world
requiring extended running in
periods before full scale
operation. Another notable
achievement has been, the plant
had an uninterrupted operation
without even a single major
outage on a single campaign for a
period of nearly eighteen months
with excellent allround results.
This has largely helped in meeting
in time the stringent target of
supply of plutonium for the
fabrication of initial core fuel of
FBTR which achieved criticality on
October 18,1985,

Fig. 1. View of a section of operating gallery
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Reprocessed U233 supplied for fuelling PURNIMA reactor

U
233 separated earlier in
theTrombay
Reprocessing Plant

from the irradiated thorium and
thoria fuel rods was purified to
remove radioactive decay
products and supplied for
PURNIMA II reactor experiments.
FRD was responsible for the
management of the fuel solution
in the reactor. With the conclusion
of these experiments, the fissile
uranium-233 solution is being
repurified and converted to oxide
for making fuel for yet another
experimental reactor KAMINI at
IGCAR Kalpakkam.

Fig. 1. Handling of U-233 fuel as uranyl nitrate solution during
PURNIMA-II reactor experiments
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The power reactor fuel reprocessing plant at Tarapur (PREFRE)
completes the first phase of operation

T
he reprocessing plant
at Tarapur, the first one
designed for handling

high burn-up oxide fuel, started
reprocessing RAPS fuel on
November 19,1982. The Plant has
since completed successfully
three campaigns of operation
under international (IAEA)
safeguards inspection.
Subsequent to the safeguards
campaigns, the plant, after an
extended maintenance outage,
has been restarted for meeting
the phased demands of further
requirement of plutonium for
FBTR core fuel.

Fig. 1.

70 Te PHWR spent fuel shipping cask at
PREFRE Storage Pond

Fig. 2.

Undissolved hull pieces in basket after I aching of
chopped spent fuel.
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Construction work on reprocessing plant (KARP) at Kalpakkam starts

he Reprocessing Plant
Project at IGCAR
Kalpakkam, financial

sanction for which was accorded
during 1983, is making steady
progress. While the civil works of
the low block of the main process
building along with some of the
auxiliary buildings are almost
complete, work on high block of
the main process building, which
houses the heart of the plant, has
just commenced. Engineering
design being carried out at
Trombay uses state of the art
technology and modern
management systems for project
execution and monitoring. The
Project is scheduled to be
completed by 1990.

Fig. 1. Kalpakkam Reprocessing plant under construction
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Computer makes major inroads
in reprocessing engineering

n view of the nature of
the facility involving
handling highly

radioactive and toxic materials
and remotised operations,
reprccossing plants call for high
degree of sophistication and
reliability in design. To meet the
exacting demands of the chemical
process, the piping layouts
become necessarily highly
complex which in turn require
considerable effort in conceiving,
drafting and checking. A
comprehensive software package
was therefore developed as a part
of computer aided design (CAD)
for pipe routing with defined
constraints. This is expected to
tremendously improve the quality
of work and minimise manual
effort and time in the production
of large number of drawings. The
package is also sought to be used
for computer aided manufacture
(CAM) of pipe bends in the shop
thereby minimising the effort
needed in the actual field
installation.

Fig. 1. A view of piping in the cell of a Reprocessing Plant.
CAD is used for designing the layout.

Fig. 2. Another view of piping in the cell.
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Conditioning of low-heat-generating high level radioactive wastes in polymeric matrices

ndustrial scale
application of polymer
matrices for

incorporation of low-heat-
generating radioactive wastes
(LHGW) has been evolved. About
27.75 EBq (0.75 million Ci)
contained in about 200 m3 of such
waste were immobilised at
Tarapur using specially developed
barrier-impregnated-polymer
matrices (BIP).

Low-heat-generating wastes are
unique. Due to their relatively
lower levels of activity in the range
of 20-40 T Bq/m3 (2-4 Ci/L) with
marginal self-heat generation,
their immobilisation in vitreous
matrices is not cost effective.
Further, bituminous matrices are
not compatible both on account
of their chemical composition and

Fig. 1 An overall view of polymerisation facility.

their inability to withstand the
radiation damage at such levels of
activity.

Polymer matrices developed in
BARC have the required product
characteristics and are cheaper
than the vitreous matrices. The
process is simple and lends itself
to solidification at ambient
conditions. The base polymer
used is unsaturated
polyesterstyrene (isophthalic
grade) with compositional
adjustments for low-exotherms.

Fig. 2 An array of polymer-solidification tanks
under installation along with chemical barriers.

105



Plasma spectroscopy for trace metal assay of nuclear fuels

T
he best features of
carrier distillation
method and inductively

coupled plasma spectroscopy can
be combined for precise
determination of trace level
impurities in nuclear fuels.

Features of carrier distillation and
the inductively coupled plasma
(ICP) excitation techniques have
been combined at BARC for trace
metal assay in UO2 and PuO2- A
multi-channel direct reading
spectrometer equipped with ICP
excitation source was used in the
present studies. The plasma torch
assembly was modified
extensively to have the central
aerosol injector tube, sample
spray chamber and nebuliser
replaced by a facility for
supporting a graphite rod and a
standard carrier distillation
electrode (Fig. 1). The modified
plasma torch was mounted on an
aluminium plate which was fixed
on the housing wall in such a way
that the torch was located
symmetrically within the R.F. coil.
The central tube with eletrode
assembly was removable for each
ignition and could be held firmly
in position during the exposure
period by means of a rotatable
spring-loaded support attached at
the lower end of the aluminium
plate. The sample pre-mixed with
a carrier was loaded in the carrier
distillation electrode and heated
inductively on its introduction in
the plama torch. A graphite lid
with a hole of 1 mm dia placed on
the sample electrode enabled
efficient heating of the sample
and sitiooth release of analyte
vapours into the argon plasma as
a narrow channel. The physical
temperature of the eletrode was
around 2000°C which prevented
volatilisation of uranium and
plutonium.

UCC 1990-Electrode

Load Coil

Modified .
Central Tube \

Outer Jacket of
ICP Tube

Coolant
Gas Flow

Plasma or Auxiliary V
Gas Flow

Support Clamp
for ICP Tube

Fig. 1 Modified plasma torch with electrode assembly for solid sample analysis
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The method has been developed
for the analysis of UO2 and PuO2
samples. The analysis of NBL
supplied U3O8 reference
standards for trace metals has led
to very close agreement with the
certified values for different
analytes. The determinations
could be carried out to satisfactory
level of accuracy. A specially built
glove-box enclosure around the
ICP housing was used for the
purpose of analysing PuO2
samples. This is shown in Fig. 2.
The method enables
determination of critical elements
such as B and Cd at sub ppm and
of other elements at few ppm
concentration levels in nuclear
fuels.

Fig. 2 Direct reading emission spectrometer for handling plutonium samples.
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Determination of plutonium by mass spectrometry and alpha spectrometry

cientists at BARC have
demonstrated the use
ofPu238andPu239as

spikes for determining plutonium
concentration in dissolver solution
of irradiated fuel by employing
isotope dilution in alpha
spectrometry and mass
spectrometry respectively, as a
viable alternative to the enriched
Pu242 spike which is used
commonly.

Isotope Dilution Mass
Spectrometry (IDMS) using
enriched Pu242 as a spike is the
method which has been used for
determining plutonium
concentration in dissolver solution
of irradiated fuel, for more than
two decades. It is capable of
giving an accuracy of 0.1 -0.5%.
The use of other Pu isotopes as
spikes was attempted.

Pu238 produced by neutron
irradiation of Np237 could be used
as spike in Isotope Dilution Alpha
Spectrometry (IDAS). This is
based on the determination of
pu238/(pu239 + pu240) a c t i v j t y

ratio in the unspiked and spiked
samples. The difficulty in this
method is the tail contribution at
low energy peak (Pu239 + Pu240)
from the energy degradation of
high energy peak (Pu238) as shown
in Figure 1. A simple method
based OR geometric progression
(G.P.) decrease for the far tail of
the alpha spectrum was used for
evaluation of the alpha spectrum
for Pu238/(Pu239 + Pu240) alpha
activity ratio. It was possible to
accomplish a precision and
accuracy of better than 0.5% as
has been demonstrated using
synthetic mixtures with
pu238/(pu239 + pu240, g | p h a a c t , v i t y

ratios from 0.01 to 10. Pu238 was
used as a spike for determining
the plutonium concentration in
dissolver solution of irradiated
fuel having low burnup i.e.
pu238 / (pu239 + pu240)

activity ratios < = 0.4.

Fig. 2 Alpha Spectrometer.

Fig. 3 Thermal lonisation Mass Spectrometer.
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For fuels irradiated to higher
burnup (i.e. Pu238/(Pu239 + Pu240)
alpha activity ratio > = 0.4, Pu239

was preferred as spike. This is
termed Reverse Isotope Dilution
Alpha Spectrometry (R-IDAS).

It was demonstrated that precision
and accuracy of better than 0.5%
comparable to those obtained by
using Pu242 as a spike in IDMS are
possible in both IDAS and R-IDAS.

The use of Pu239 as a spike in IDMS
also was found possible with the
present generation thermal
ionisation mass spectrometers
capable of measuring small
change in the isotope ratio with
high precision (better than 0.1%).
Plutonium with Pu239 (about 95
atom%) obtained from low
burnup fuels has been used as a
spike for plutonium with Pu239 <
= 70 atom%) and vice versa.

The present work has successfully
demonstrated that Pu238 and Pu239

can be used"for the determination
of plutonium in dissolver
solutions of irradiated fuels as
viable alternative spikes to Pu242

which is not available
indigenously.

The alpha spectrometer and
thermal ionisation mass
spectrometer used in these
developments are shown in Figs.
2 and 3 respectively.
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Chemistry of mixed carbide fuel for FBTR

ndia is the first country
to use a full core of
mixed carbide fuel. The

fuel used in the Fast Breeder Test
Reactor (FBTR) is 70% plutonium
carbide and 30% uranium carbide.
With a view to assessing the
chemical compatibility of this fuel,
a number of studies were
conducted. A procedure for
recycling reject pellets was also
developed. Selection of (U, Pu) C
pellets is carried out under strict
quality control specifications.
Rejected pellets are treated by
special chemical procedures and
the materials are recycled back to
the fabrication stream.

While fabricating this fuel by
carbothermic reduction of
uranium and plutonium oxides, it
was observed that oxygen and
nitrogen content of the fuei could
not be brought down below 6,000
ppm without excessive loss of
plutonium. Since this impurity
content was an order of
magnitude higher than the level
for the conventional carbide fuel
(20% PuC, 80% UC), the
compatibility of this fuel with
stainless steel (SS) clad was
studied. The studies included
measurement of (i) carbon
potential of the fuel and clad, (ii)
carbon monoxide pressure in
equilibrium with the fuel, (iii)
reaction between the fuel and the
clad to form low melting eutectics,
(iv) melting temperature of the
fuel and (v) diffusion of hydrogen
through the clad.

A novel isothermal, isopiestic
equilibration technique was
developed for the measurement
of carbon potential of the fuel and
the clad. At 1000°C the carbon
potential of FBTR stainless steel
with 0.04 to 0.07 wt% carbon has

been determined to be-14 to-12
kcal/mole. The carbon potential of
as-fabricated FBTR fuel has been
determined to be 13.0 ± 1.0
kcal/mole at 1000°C. The data
indicate that there would be no
chemical interaction between the
fuel and the clad even at 1000°C
which is 300°C more than the
highest clad temperature
expected in the reactor.

Carbon monoxide pressure in
equilibrium with the fuel was
measured in a special high
temperature ultra high vacuum
assembly (see figure). At 1700°C,
the highest temperature expected
at the centre of the fuel, the carbon
monoxide pressure was observed
to be between 10"6to 10~7

atmospheres. Thermochemical
calculations using the carbon
potential obtained in the present
experiments also gave carbon
monoxide pressures in this
region. With this low pressure,
the transfer of carbon from the
central high temperature region
to the cooler portions near the
clad would be negligible.

Reaction between the fuel and
clad to form low melting eutectics
was studied at 1000°C, 1100°C and
1200°C. No intermetaliics were
found below 1000°C even after
300 hrs of contact between the
fuel and the clad. At higher
temperatures, there was extensive
reaction between the fuel and the
clad tube and the tube was
completely ruptured.
Metallographic examination
revealed the formation of low
melting plutonium containing
eutectics. As the highest
temperature of the clad is
expected to be 700°C under
normal operating conditions and
as it does not rise to 1000°C for
extended periods of time even
under transient conditions, the
fuel and clad are compatible.

The melting temperature of FBTR
fuel is assumed to be 1800°C in
design calculations. Measurement
of melting.temperature is
complicated because of the high
volatility of plutonium.
Measurements have been made
by heating sealed capsules at

High temperature high vacuum assembly for measuring CO pressure
in equilibrium with FBTR fuel.
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various temperatures followed by
metallographic examination. The
melting temperature was
determined to be 1870 ± 20°C.

During isopiestic studies on the
determination of carbon potential,
hydrogen was found to be a good
agent for the transport of carbon.
As FBTR fuel is sintered in Ar + H2
atmosphere, the pellets
contain significant quantities of
hydrogen which could
subsequently cause problems of
transport of carbon from the fuel
to the clad. The diffusion of
hydrogen from FBTR clad tube
was investigated in the
temperature region of 600°C to
1000°C. It was observed that this
is sufficiently fast and very little
hydrogen would be left inside the pin
after a few hours of operation of
the reactor. Studies on kinetics of
the carburisation reaction have
revealed negligible carburisation
in this time frame.

Sizeable quantities of fuel material
was rejected in quality control
checks during fuel fabrication.
Experience with direct dissolution
of the carbide in nitric acid
indicated that it may not be the

viable route for large scale
processing of the rejects, and
introduction of an oxidation step
for the conversion of (U,Pu)Cto
(U,Pu)O2 was considered
desirable. Oxidation behaviour of
(U,Pu) C was therefore
investigated so as to arrive at a
process which would ensure
(i) rapid conversion, (ii) product
with low carbon content and good
solubility characteristics and
(iii) product with characteristics
suitable for direct dry recycle
when no chemical impurities are
present. By a careful control of
temperature and oxygen partial
pressure, it has been possible to
achieve these objectives
simultaneously. The optimised
process flow sheet was used
routinely for the conversion of
carbide to oxide on a 400 g scale.
For wet recycle, the product was
directly taken for dissolution,
whereas for dry recycle the
product was reduced with
hydrogen at 500°C to control O/M
of the oxide and given for pellet
fabrication. Good pellets could be
routinely obtained from this
powder.



Diagnostic instrumentation for thermal plasmas

T
he thermal plasma
parameters which are
of engineering interest

include the kinetic temperature
and the electrical conductivity.
BARC has developed instruments
for measuring these parameters.
Of particular interest are the
spectroscopic technique and the
dynamic thermocouple technique
for the measurement of
temperature, and the radio
frequency probe for the
measurement of electrical
conductivity.

A microprocessor based
instrument for automatic
measurement of plasma
temperature using the
spectroscopic technique has been
assembled and tested. It samples
three signals at a specified wave
length .one from standard lamp,
one from the plasma and one from
the lamp shining through the
plasma. These signals are
processed and the temperature is
displayed.

An alternative intrusive
technique based on the use of
thermocouples in a dynamic
mode has also been developed.
The technique consists of
measuring the temperature-time
characteristics of a thermocouple
introduced in a plasma. This
information is processed and
suitable corrections are made to
predict the plasma temperature.
This instrument is also fully
automated and the information
processing with the appropriate
corrections is handled by a
microprocessor. The significance
of this technique is its capability
to yield spatial distribution of
temperature.

The electrical conductivity of
plasma is measured with a radio
frequency probe. A radio
frequency coil introduced in
piasma induces currents in
plasma, which are complex, with
the real part extracting power
and the imaginary part changing
coil inductance. Practical solutions

have been found to overcome the
difficulties associated with the
introduction of the probe.

These diagnostic techniques have
been successfully used to
characterise the plasma in the
open cycle coal fired MHD plant at
Bharat Heavy Electricals Ltd.,
Tiruchirapalli.

Rediofrequency electrical conductivity
probe in operation in
100 kW seeded argon plasma facility.
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Compression and transport of gigawatt

relativistic electron beam pulse

A
new technique of pulse
compression of gigawatt
Relativistic Electron

beam (REB) using gas filled diode
has been developed(Fig. 1). As
the gas pressure in a conventional
REB-diode is increased from 1(Tb

Torr to 0.1 Torr, the pulse
duration of both the current and
voltage waveforms decreases from
50 ns to 10 ns, indicating that
efficient generation of narrow
REB pulses of about 10 ns, width
is possible in the diode even at a
pressure of 0.1 Torr. The beam
transport study shows that a good
charge transport window with
about 75% efficiency also exists
around this pressure range. This
opens up the possibility of foil-less
diode operation and beam
transport using a common
pressure of about 0.1 Torr in both
diode and drift region. This
scheme may be attractive for
linear reactor concept using
particle beams and possibly in
inertial confinement fusion
schemes with gas blanket.

The experiment was performed
with relativistic electron beams of
about 250 keV in the range of 1 to
10 kA current In the pulse shaping
studies with external air injection,

it was found that the peak voltage
remained constant throughout
the pressure range of 10~5Torrto
0.1 Torr. However, transmitted
peak beam current increased by
about 30% as compared to the
vacuum case. The pulse duration
decreased from 50 ns to 10 ns as
pressure was varied from 10~5

Torr to 0.1 Torr. The pulse shaping
of the beam can be explained on
the basis of variation of diode
impedance. It has been seen that
a versatile control over the beam
parameters is possible by
controlling the gas injection.

The experimental and numerical
studies of the transport of 1-10
GW- 250 keV- 30 ns REB in Argon
in the pressure range of 10"2 Torr
to 20 Torr hav<= yielded some
interesting results. Open shutter
photographs of beam propjgat'On
showed that at a low pressure of
about 0.08 Torr beam does not
propagate due to lack of charge
neutralisation, while at a higher
pressure of about 0.25 Torr
propagation over 100 cm occurs
with an efficiency of 75%,
The study of charge transport at
different pressures showed two
typical maxima. At the first
maximum around 0.25 Torr which
corresponds to maximum beam
transport with 75% efficiency and
with minimum pulse distortion,
the charge neutralisation s
complete. A second maximum
occurs around 8 Torr. In between
the two maxima, charge transport
is inf'ienced by current
neutralisation. The decrease in
the charge transport after the
secom maximum is due to
multipl scattering effects in the
gas.

Fig. 1 REB-200 experimental set-up.
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The numerical model which
included the effect of current
neutralisation and plasma heating
by reverse current and two stream
instabilities could explain the
experimental results
quantitatively in pressure range
0.1 to 1 Torr. The calculation also
showed that a plasma with density
of 1013to1014cmfand
temperature 3-10 eV has been
generated by the beam in the
pressure range of 0.1 to 1 Torr.

In general, any REB transport
system consists of a REB diode
and a drift region separated by
the anode foil of the diode, so that
any desired pressure can be
maintained in the drift region.
However, this anode foil of the
diode needs frequent replacement
after a few shots.

Our observations indicate a
possible solution to overcoming
this difficulty.
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Pulse power system (HV 1000) based on water dielectric
storage iine driven by radial tesla transformer

ulse power systems for
generation of electrical
pulses of nanosecond

width, at voltages of hundreds of
kilo volts and at peak power levels
exceeding a gigawatt are of great
importance in themonuclear
fusion research. A variety of pulse
power configurations, based on
Marx generator or Tesla
transformer driving pulse forming
lines with oil or water dielectric,
have been developed at BARC. A
pulse power module (HV 1000)
with ratings of 300 kV, 50 kA, 60
ns has been designed and
fabricated. The various steps in its
operation are transformation of
50 kV DC from a capacitor bank to
a pulse of 600 kV, 2 microseconds
by a radial Tesla tranformer,
intermediate storage of this
energy at 600 kV in a coaxial
storage line using water dielectric,
and transfer of this energy by
means of a fast spark gap switch,
triggered by an 800 kV Marx
generator to form an output pulse
of 50 ns at 300 kV.

Two radial transformers are
connected in parallel, each
operating in the double resonance
mode at K = 0.6. The secondary
winding has 30 turns, wound with
a copper sheet of 30 cm width,
and 0.3 mm thickness, on a
squirrel cage, former of 24 cm

diameter and 35 cm long. Mylar
sheets of 5 mils and 12.5 mils
thickness are used for interlayer
insulation. The secondary is
placed inside an FRP cylinder of
30 cm diameter and filled with
transformer oil. Single turn
primary winding of 325 cm
diameter, and 30 cm length is
placed on the outside surface of the
FRP cylinder. The mylar sheets
are extended beyond the copper
sheets to avoid surface
breakdown. The transmission line
with deionised water as the main
dielectric is made up of two
coaxial SS cylinders with an
annular gap spacing of 5 cms. The
inner cylinder is superfinished to
1 micron with corona rings at the
ends to reduce the edge fields. In
comparison to other liquid
dielectrics, deionised water has
the advantages of self-healing
after breakdown and of high
energy density. Acrylic flanges
used for end fittings prevent the
water dielectric from mixing with
transformer oil located on either
side. The spark gap switch
consists of two main electrodes in
hemispherical shape with an
intermediate electrode for causing
field distortion and subsequent
gap closure. A pulse of 800 kV
from a hybrid insulated Marx
generator is used as a trigger

Primary Secondary Aerylis

Load

7/
Tesla Transformer Interconnection Water Dielectric Line

Fig. 1 Schematic assembly of HV1000

Interconnection Sparkgap
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source for initiating switch action.
The housing for the spark gap
switch is made of epoxy backed
by a metal cylinder and is held at a
pressure of 5 atmosphere of
sulphur hexafluoride or nitrogen
gas.

Fig. 7. Photographic view of HV-1000 system

Fig. 3 Secondary voltage waveform
without breakdown of sparkgap
switch (5kV/Div;2jus/Div)
with 3kV primary-

Fig. 4 Secondary voltage waveform
with breakdown of sparkgap switch
(90kV/Div;1>us/Div) with 25kV primary.

Fig. 5 Load current waveform
<1kA/Div;20ns/Div)



Electron beam technology solves complex welding problems

W
elding of nuclear
components is an
exacting field

demanding high precision and
high reliability welds. Many a time
delicate components are to be
welded without causing any
distortion.
In BARC, two EB welding
machines were imported for use
in the fabrication of nuclear fuel
elements. At the same time, work
was initiated to indigenously
develop such machines.

Development of EB welding
equipment is an inter-disciplinary
work involving electron optics,
high voltage source, vacuum and
mechanical engineering and
control engineering. BARC has

expertise in all these areas and
and has built a variety of EB
welding equipment during the
past decade. The latest one is a
high voltage, chamber type,
partial vacuum EB welding
machine with a medium size
chamber and a variety of work
handling devices which make it
suitable for a wide range of
development jobs and also for
batch type production. The
electron gun is of high voltage
type with acceleration voltage of
150 kV, and can deliver upto 6 kW
power at the work within a beam
diameter of less than 1.00 mm.
With this power and power
density it is possible to weld steel
upto 50 mm thick in a single pass.
It is also possible to weld a job as

thin as 0.1 mm by setting the
beam power suitably.

The work chamber is 1x1x1.5 m in
size with a volume of 1500 litres.
A X-Y coordinate table and a
variety of rotory fixtures are
provided making it possible to
weld virtually any job with regular
weld geometry which can be
accomodated in this chamber.
Welding is done in partial vacuum
of about 5 x 10~3 torr at which
pressure impurity content in the
surroundings is 10 times less than
that in purified argon used in TIG
weldings. This order of vacuum
can be easily obtained by using
mechanical pumps alone with
typical pump down time of about
5-10 minutes.

A batch of stator* of canned motors welded by EBW.
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Electron Beam Welding Machine.

During the past two years, the
machine has been used
extensively for a variety of jobs in
BARC and outside. It has proved
its reliability during this period
with down time being less than 10%.
Some of the noteworthy jobs
handled by this machine are:
(1) Welding of a batch of stators
and rotors of canned motors
required for the heavy water
plants of DAE. (2) To seal weld
OFHC copper containers enclosing
Nb-Ti alloy bars to produce ingots
for superconducting wires.
(3) Production of cylinders made
of special materials for defence.
EB welding is particularly
suitable for these applications
because it is a high intensity small
diameter heat source which can
be controlled precisely. This
technique has been developed for
welding dissimilar and hard to
weld materials also. EB welding
technique can be applied for a
variety of applications outside the
nuclear field.
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Impedance plethysmography

A
non-invasive technique
to assess
haemodynamic

parameters such as peripheral
and central blood flow has been
developed and introduced to
clinical environment. The
incorporation of a microcomputer
makes the investigation less time
consuming and quite precise.

A constant current of about 3-5 mA
at carrier frequency of 100 kHz
is transformer coupled to a body

segment or the trunk of the body
via a pair of current electrodes
which are placed distally. Blood
being the most conducting fluid in
the body, the impedance offered
to the flow of current through the
body segment will depend upon
the flow pattern. A pair of voltage
sensing electrodes picks up the
amplitude modulated carrier
waveforms along the current
pathway. The parameters that
influence modulation are the

flow pattern in the assessment of
limb blood flow, and the cardiac
and breathing patterns in the
assessment of central blood flow.

Our studies, conducted in
collaboration with KEM Hospital
in Bombay have demonstrated
the utility of this technique for
detecting arterial occlusions at
various levels in the extremities
and eliminated the use of
arteriography in patients who are
not likely to undergo bypass
surgery.

Fig. 1.

Complete occlusion
of superficial femoral

Partial block 14 Iliac artery

Normal

Normal
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Fig.2
Impedance plethysmographic
waveforms recorded from the same
patient with arterial occlusion in the left
leg. The amplitude of the waveform is
markedly reduced at all the locations in
the left leg suggesting arterial occlusion
above thigh level. Aortogram on this
patient is shown in Fig. 1. The iliac,
superficial femoral and deep femoral
arteries ar3 well opacified in the right leg
Partial occlusion of iliac artery and
complete occlusion of femoral artery is
observed in the left leg, confirming
impedance plethysmographic
observations. (By courtesy of Radiology
Department, KEM Hospital, Bombay.)

In the study of central blood flow,
this technique yields stroke
volume, cardiac output,
preejection period, left ventricular
ejection time, etc. all parameters
of cardiological significance.
Similar information, obtainable
from Gamma Camera has also
been corroborated with this
method. Being a low cost
equipment and requiring no
special training, the instrument
developed in BARC is most likely
to become useful in general
medicine. The technique is so
useful that Radiation Medicine
Centre of BARC have now initiated
a programme to obtain
haemodynamic picture of internal
organs.

A new method called Vector
Impedance Cardiography is being
developed with the active
participation of KEM Hospital to
ascertain the presence of valvular
and congenital cardiac disorder
and to assess their severity.

In essence, the technique
concentrates on the
haemodynamics of cardiac
functions. The instrumentation
scheme chosen serves two
purposes:

1) to extract ECG-waveform from
the raw data itself (for the purpose
of time locking, averaging etc.)
and
2) to eliminate the influence of
breathing.

The processed data is subjected
to sampling, averaging and other
microprocessor based
computations in order to yield the
above mentioned physiological
parameters. All these provisions
have increased diagnostic utility
of the technique.

120



Gamma scintillation camera

T
he gamma scintillation
camera is based on the
principle of Anger

Camera Philosophy, where a thin
Nal(T I) crystal produces a
scintillation replica of the organ. It
is a medical imaging system
which displays ths distribution of
radioactivity in an organ providing
a functional image of the organ
under investigation. As compared
to the rectilinear scanner, the
imaging of the organ can be done
faster and as the detector views
the entire organ simultaneously,
dynamic function studies are
possible.

The system that has been built
and tested consists of a 25 cm
diameter and 6 mm thick Nal(T I)
crystal viewed by nineteen
photomultipliers (PM) of 38 mm
diameter. The PM tubes are
coupled to the crystal through a
single lucite light pipe of 9.5 mm
thickness. The radioactive
distribution in the organ is viewed
by the entire crystal through a
6000 hole parallel lead collimator.
The scintillation pattern in the
crystal is seen by all the
photo multipliers and the output
of each PM depends upon the
physical location of the tube
relative to the site of the actual
scintillation in the crystal.

The outputs of all the nineteen
tubes are processed through a
series of preamplifiers,
threshold amplifiers, pulse
amplifiers and decoder circuits to
derive the actual X and Y position
coordinates corresponding to the
actual site of scintillation. These X
and Y coordinates are displayed
on a CRT monitor for viewing and
photographing the distribution of
the radioactive substance in the
organ.

To ensure good contrast, i.e.
signal to noise ratio, the X & Y
signals corresponding to
photo-electric absorbtion in the
crystal are displayed.

This is achieved by strobing
the X & Y signals by another

signal (Z**PH) which corresponds
to the total energy dissipated in
the crystal which is again derived
from the outputs of the nineteen
PMs. To make the X & Y signals
energy independent the signals
are divided by the Z**PH signal
before displaying on the monitor.

Fig. 1 Gamma camera probe.

Fig. 2 Front end electronics assembly.
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Multiprocessor based 4K data acquisition and processing system

A
system based on dual
processing with AM
2901 based 16 bit

bipolar bit slice processor and an
Intel 8 bit 8080 CPU has been
designed and developed for use
in the Dhruva Reactor activities.
The system is at present in
operation in the Cirus reactor.

Functions requiring high speed
operation and which are critically
dependent on time like data
acquisition and display are
performed with bit slice
processor. These functions have
been microprogrammed and are
executed in foreground-
background mode with the help
of fast microlevel interrupt having
response time of 500
nanoseconds. The system has
pipeline architecture allowing
simultaneous execution and
fetching of instruction. The second
processor supports all the
peripheral activities, system
control and data processing
through 14K bytes of system
program developed in assembly
language. Other noteworthy
features of the system,
shown in Fig. 1, are :

• Split screen display for
alphanumeric information and
spectra,

• A number of settings for
Regions of Interest (ROD,
through cursor movements.

• Dynamic ROI expansion along
with normal display,

• Simultaneous operation of all
peripherals along with data
display and acquisition, and

• Built-in data processing
functions like smooth, add,
substract, multiply, peak
analysis, net and integral area,
etc.
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Data acquisition and processing network

ocal Area Computer
Network (LAN) for data
acquisition and

processing is a very powerful tool
for advanced nuclear
experimental R & D programmes,
especially in the field of nuclear
research.

Advanced nuclear experiernents
generate huge amounts of data
necessitating fast data processing
systems. It is possible to share the
limited expensive resources for
various nuclear experiements at
different sites by connecting them
in a network. Since it is possible
to avail of the shared resources
on demand, the turnaround time
in planning and executing the
experiments can be drastically
reduced.

Ethernet Communication
Controller (ENCC) facilitates a
computer to be hooked up to the
Ethernet which is a Local Area
Network of computers within
distances of a few kms, which
share transmission medium of
co-axial cables acting as a
common bus for serial data
transfers, and which support
distributed control. The control
strategy is "contention" where
the access to the shared
transmission medium is by a
discipline known as Carrier
Senese Multiple Access by
Collision Detection (CSMA-CD).
The ENCC consists of two
multibus compatible cards*f,a
Processor and a Link Access Card)
with a provision to house an
interface card to match the
computer's bus to that of the
multibus. It is built around Intel
8085 microprocessor with
supporting programmable
peripheral chips. The resident
software along with the hardware
accomplishes the following salient
functions:

• Transmission and reception of
data packets.

• fnterprocessor communication
between host computer's
processor and controller
processor to exchange status
and control information.

• Scheduling of re-transmission
in the event of collision by
backoff algorithm, based on the
introduction of a random delay.
Range of the random delay is
determined by the number of
collisions encountered.

The ENCC functionally complies
with Ethernet/IEEE 802.3
specifications. Two ENCCs have
been fabricated and tested.
These have been coupled to two
8 bit microcomputers, and data
transfers at 10 M bits/sec have
been accomplished.
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Protective ceramic coatings for high temperature applications

n many advanced
technology systems,
one of the critical

problems is the degradation of
the system components by high
temperature corrosion. Currently,
the widely used method for high
temperature protection of the
material is to provide a few
hundreds microns thick layer of
ceramic coating by plasma spray
technique. Interesting results have
been obtained at the BARC Plasma
Physics Laboratories in
experiments carried out to
develop several millimeter thick
ceramic coatings. Plasma is a
highly energetic medium
containing ions, electrons and
neutrals. The kinetic temperature
of the low temperature plasmas
exceeds 10,000 K.

The D.C. plasma jets operate on
the principle of stabilization of
arcs by constricting plasma flows.
These plasma torches have
tungsten cathodes and copper
anodes in the form of a nozzle.
The gas is injected into the
electrode gap to form a vortex or
a sheath, and a d.c. arc is
established between the
electrodes. The arc is pushed
through the nozzle resulting in a
high temperature and high
velocity flame. Plasma torches
with ratings from a few kilowatts
to several tens of kilowatts have
been designed and operated.

Plasma sprayed protective
coatings are obtained by getting
the powder to be coated molten
and sprayed by a plasma flame.
There is no limitation on the shape
and size of the job to be coated.
Even a range of property variation
of coating can be obtained by
controlling the spray process
parameters.

Even though metals, alloys and
ceramics have been sprayed using
the plasma spray processes,
normally it is not possible to
produce coatings greater than a
fraction of a millimeter. When the
thickness exceeds more than 0.5
mm, the coating tends to crack
and peel off.

Recently, we succeded in
achieving thicker coatings by
using pins as stress - relieving
agents, so that there is no stress
induced adhesion failure with
increasing thickness. Extensive
experiements were carried out for
the proper selection of spray
parameters and the preparation of
substrate including the disposition
of pins. It was observed that large
pin diameter with small pitch
caused voids in the coating,
whereas small pin diameter and
large pitch resulted in poor
adhesion. The pins also produced

shadow effects during coating.
These problems were overcome
by rotating the substrate about
the vertical axis and the torch
about the horizontal axis after
each pass of the torch and using
compressed air cooling to maintain
low surface temperature.
Investigations have proved that
the coatings with thickness of 5-10
mm are durable, and the
microstructures reveal good
adhesion with the substrates and
the pins.

The mechanism of the stability is
not yet understood. It is postulated
that the pins act as stress relieving
agents. The mismatch in the
thermal expansion of the pin and
the coating material introduces
numerous micro-cracks around
each pin which propagate only
quasistatically and help the
specimen retain its structural
integrity and adhesion even
during thermal cycling.

Plasma spray system
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Both thin and thick coatings have
been used for high temperature
corrosion/erosion protection and
as electrically conducting/
insulating ceramic materials.
These also find applications in
rocket nozzles, high temperature
combustors and energy system
equipment.

Plasma sprayed thick ceramic coating
Base : Copper
Pin : Copper (0-8 mm dia)
Ceramic : Alumina
Coating size : 40 x 25 x 5 mm

(a) Pin structured base (b) Coated specimen

Plasma sprayed thick ceramic coating

Base : Stainless Steel
Pin : StainlessSteeld mmdia)
Ceramic : Calcia stabilized Zirconia
Coating size : 30 x 20 x 8 mm
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Doorway monitor

A
doorway monitor for
detection of strategic nuclear
material for surveillance

purposes at nuclear installations
has been fabricated. NAI-PM tube
detectors are used for detection of
gamma radiation. A microcomputer
is used for control and
computations. The system
updates background counts
continuously. Persons walking
through are checked for
statistically significant excess
counts. The pulse height
spectrums obtained from different
detector groups are analysed
separately using optimized energy
windows to maximize sensitivity.
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