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FOREWORD

Work done in the Bhabha Atomic Research Centre covers a wide spectrum of
activities ranging from basic research in physics, chemistry, and biology to applied
research and development needed to provide support to the nuclear programme.
Some of the work is in frontier areas such as high temperature superconductivity
and inertial confinement fusion. A substantial part of the effort is related to nuclear
power reactor technology and the different stages of nuclear fuel cycle. Basic and
applied research in life sciences carried out at Trombay ranges from investigations
on the origin of life to developing improved varieties of groundnut, rice, etc., and
application of new techniques for speedier propagation of economically important
plant species through the technique of tissue culture. As a part of the basic
research, a number of sophisticated instruments such as neutron diffractometer
and spectrometers are also being developed at Trombay. Development of new
methods for fabricating fuel elements, setting up of highly sophisticated facilities to
test complex reactor components, development of computational techniques in
order to carry out theoretical investigations on the performance of reactor
components, are all part of the work being done at Trombay. Though an account of
the work being done at Trombay is given in the regular annual reports, BARC
Highlights '88 presents a few selected topics and accomplishments during 1988.1
hope this report will be found useful and informative by the scientific
community.

P.K. Iyengar
Director
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Whenever charged particles are used to
induce nuclear reactions, they need sufficient
energy to overcome the electrical charge repul-
sion between the projectile and target. When
the energy is less than the coulomb barrier,
quantum mechanics allows a finite penetr-
ation of this barrier giving rise to measurable
probability for nuclear reaction. When the
energy of the projectile is less than half the
barrier height, these probabilities are very low
and fall very rapidly with decreasing energy.
The study of such deep sub-barrier processes
is of great importance from the point of view
of astrophysics since they played a major role
in establishing the primordial distribution of
nuclear species. Their study is important for
the understanding of the long range part of
the nuclear interaction, as well as the general
problem of quantum-mechanical penetr-
ation in extreme sub-barrier situations.

As an attempt in this direction, the proton
induced fission of U235 and U238 in the deep
sub-barrier region for proton energies of 0.5 to
4.5 MeV was investigated at the 5.5 MeV Van
de Graff accelerator at Trombay. The fission
detectors were lexan polycarbonate plastic-a
solid state track recorder (SSTR) which has a
number of features particularly suited for
these investigations.

The experimental geometry is shown
schematically in Fig. 1. A uranimum target,
bombarded by a collimated proton beam, was
confronted by an annular detector (SSTR A)
which registered back-angle fission frag-
ments from protori4nduced fission as well

Observation of Anomalous

Behaviour in Deep Sub-

Barrier Fission of Uranium

as background fissions. The beam was stopped
in the target backing immediately after which,
a second uranimum target (which did not
have the beam incident on it) faced another
annular detector (SSTR B). Both the SSTRs
were etched by a standard procedure and
scanned under a microscope. The fission
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Fig. 1.

tracks, through their characteristic length,
shape and dip angle, could be easily distingu-
ished and counted.
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Fig. 2.



Background fissions may be Induced in the
targets by neutrons from (p, n) reactions in
the trace level impurities encountered by the
proton beam In the aluminium stopper. A
measure of this background was provided by
the counts in SSTR B. The counts in SSTR A
were corrected for this background and the
proton Induced flssion cross-sections ob-
tained. These are shown in Fig. 2 as solid dots
with experimental error bars.

The present measurements at 4 MeV agree
with the extrapolated trends of the measure-
ments of other workers. However, at lower
energies there is a pronounced change In the
slope. No other measurements of fission cross
section at these energies have been reported.

The following processes contributing to the
cross- section below 4 MeV are considered :
I. a) Proton penetrates coulomb barrier.

b) Highly excited compound nucleus (CN)
formed.

c) CN undergoes flssion.

II. a) Proton scatters inelastically.
b) Low lying excited state of target formed.
c) Excited target state fissions by penetr-

ation of flssion barrier.

To obtain the likelihood of process I, opt-
ical model calculation (indicated by the cont-
inuous lines) is shown In Fig. 2. It is clear that
the calculated values cannot account for the
observed large change in slope below 4 MeV
for both U23S and U238 targets. If the observed
cross-section is due to fission of the target
state formed by coulomb excitation, the fls-
sion life time, t(flss), of the state can be
estimated by using the relations :

a (flssion)-a (coul.exc.) * T (gamma)/
[ T (fiss) + T (gamma) J

Putting measured values for a (fission) and
estimated values for T (gamma) and <r(coul.
exc), we obtain T (fiss) ~ mlcrosecs. Such a
short flssion life time Is very difficult to under-
stand in view of the formidable flssion barrier
faced by the low lying target state i.e. similar
to that faced by the ground state which, con-
sequently, has a flssion half-life 1017 years.

In view of the inexplicable nature of the
results they stand as a challenge to theorists
and may be a signal of some basic and as yet
unexpected phenomenon in nuclear physics.



Experimental evidence has been obtained
for the equilibration of mass asymmetry and
collective rotational degrees of freedom from
studies on. mass resolved fragment angular
distribution in the medium energy fissioning
system 232Th (a, f) and fragment angular
momentum in low energy fission of2392<"Pu
and 245Cm and medium energy alpha particle
induced fission of 232Th and a38U.

Studies on medium energy fission were
carried out at VECC, Calcutta, using radio-
chemical and gamma spectrometric techniques.
Investigations in the ^-ph (a, f) system on
mass resolved fragment angular distribution
showed that the fragments arising from
symmetric division of the fissioning nucleus
(236U) are emitted more isotropically compa-
red to those from asymmetric division (Fig. 1).
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Equilibration of Collective

Degrees of Freedom in

Nuclear Fission

The same figure shows the correlation of the
variance for the tilting mode (K,,2) with mass
asymmetry providing more quantitative inter-
pretation. These observations indicate that
there are two distinct fission modes, viz.
symmetric and asymmetric and the tilting
mode of rotation is related to mass asymmetry

due to dependence of the effective moment of
inertia on the latter.

Studies on fragment angular momentum,
on the other hand, showed strong dependence
on the entrance channel angular momentum,
excitation energy and fragment mass. It was
seen that fragment angular momentum increa-
ses at higher energy fission due to the retain-
ment of angular velocity of the compound
system by the fragments following equilibra-
tion of the collective rotational modes,e.g. rigid
rotation, wriggling, bending, twisting and
tilting as well as due to population of higher
rotational states at higher temperature.
Studies on fission fragment angular
momentum at low energy showed the correla-
tion between the collective and intrinsic
degrees of freedom, manifested through the
angular momentum and elemental yields (of
fission product iodine) respectively as shown
in Fig. 2. The same figure also shows the
fluctuations due to the spherical and deformed
shells. These observations led to quantitative
correlation between the scission point potential
of fissioning system and fragment angular
momentum.
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A new type of phase transition In a solid
from a crystalline phase onto a glassy phase
and then to another crystalline phase, had
been observed at BARC while studying tetra-
cyanoethylene at high pressure by X-ray dif-
fraction. New features of the kinetics asso-
ciated with this transition have recently been
studied measuring the electrical resistivity as
a function of time at the transition pressure in
collaboration with scientists from MSLrlGCAR.

Fig. 1 shows the variation of the a.c. electri-
cal resistivity of TCNE at room temperature,
starting from its monoclinic phase as a function

A New Type of Phase Transition

of pressure. A phase transition at 2.1 GPa
( = 21000 atmospheric pressure) is clearly
indicated. The resistance at each pressure is
obtained after equilibrium was achieved.

The time dependence of the resistance
when the pressure of 2.1 GPa is applied is

shown in Fig. 2. Starting from the resistance
in the monoclinic phase, its value increases in
the glassy phase, and then slowly decays to a
lower value in the cubic phase. The increase of
resistance in the glassy phase may be due to
the disorder and presence of various defects.

The same figure also indicates the X-ray
diffraction patterns corresponding to three
regions of the resistance-time plot. From this
figure It is seen that the X-ray patterns indi-
cate that the monoclinic phase transforms to
the cubic phase via an amorphous phase as a
function of time at the pressure of 2.1 GPa. To
the best of our knowledge, a phase transition
of this type has not been reported earlier in
any system.

We have also observed reorientations of
the molecules about the (100) axis In the
monoclinic crystal phase, from the X-ray dif-
fraction data. The mechanism of this phase
transition is of considerable Interest for further
studies.



The transition from the cubic phase to the
monoclinic phase is irreversible on release of
pressure. However, one can return to the
monoclinic phase by heating the cubic sample
to 45° C at ambient pressure. The monoclinic
phase is then retained upon cooling down to
even -27O°C. The relative stability of the
monoclinic phase at low pressure and high
temperature, and that of the cubic phase at
high pressure and low temperature is under-
stood by calculating the Gibbs free energy

using a quasiharmonic lattice dynamical model.
The model is independently verified by experi-
ments using the inelastic neutron scattering
and Raman scattering techniques.

A suitable model for the glassy phase is
now being built using computer simulation
techniques at Trombay. so that we may under-
stand its relative stability and throw light on
the mechanism of this new type of phase
transition.



Fig. lb

The Initial discovery, three years ago, of
five fold symmetry in the Al-Mn alloy heralded
the emergence of a new class of materials
called Quasicrystals. On the basis of studies
conducted in aluminium-transition metal
alloys, quasicrystals had so far been regarded
as a metastable state of matter that can trans-
form to crystalline state with the release of
heat. However, investigations carried out re-
cently at Trombay in Al-Cu-Mg system using

Quasicrystals of Exceptional

Stability

electron microscopic, differential scanning calo-
rimetric (DSC) and X-ray diffraction experi-
ments have demonstrated that quasicrystal-
line phase itself can be the stabler phase.

The stolchiometric compound (Al6CuMg,)
was prepared by melting the constituent ele-

Flg 1. Electron diffraction pattern of as-grown sample
exhibiting (a) Jive /old symmetry, (b) three fold
symmetry, and Ic) twofold symmetry, are shown.

ments in pure form under argon atmosphere.
Quasicrystalline samples were then made by
rapid solidification using the usual melt spin-
ning method and the quasicrystalline charac-
ter of the samples was confirmed by electron
diffraction (refer Fig. 1).

The DSC study reveals (refer Fig. 2, II), for
the first time, that this phase transition (at
340° C) is an endothermic one requiring hea*
energy to cause the transition in contrast to
the reported exothermic crystallization in quasi-
crystalline Al-Mn alloy. This result indicates
that the quasicrystalline phase of this alumi-
nium rich ternary alloy is more stable as
compared to its crystalline phase and it should
be possible to grow large sized quasicrystals
of this alloy. Indeed now large sized (of the
order of millimeters) quasicrystals have been
grown (by conventional ingot casting), which
further supports our observations. It was ob-
served that the activation energy of this phase
transition is 62 Kcal/mol, which is similar to
that observed in Al-Mn system (53 Kcal/mol).



X-ray analysis reveals that the quasilattice
constant (ar) of this alloy is 5.21A and it is
related to the lattice constant (a) of the crystal-
line phase (14.35A) of this alloy as [a = ar
(4 + 8^5)1/2] in complete agreement with a
theoretical model based on the "projection
method" of constructing quasicrystals. Struc-
tural analysis of the transformed crystalline
phase shows that some of the lattice sites,
which define the vertices of triacontahedron -
the basic volume element of three dimensio-

,-x
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Fig 2. Comparison of the DSC scans of (I) original crys-
talline material. (II) as-grown quasicrystalllne.
and (III! heat-treated quaslcrystalltne samples.

nal Penrose tiling for this system-are frac-
tionally occupied (occupancy 0.3). Further-
more the analysis reveals that the local struc-
ture of quasicrystalllne and crystalline phase
of this alloy are not very different and this is
consistent with the fact that the enthalpy
change (15 ca'./mol) in the crystallization of
this quasicrystalline Al6 CuMg, alloy is much
less than that (560 cal/mol) reported for quasi-
crystalline Al-Mn alloy.

3J 3.8 4'6

SCATTERING VECTOR

5.3

Fig 3. Energy Dispersive X-Ray Diffraction pattern of as
grown (lower) and heat treated (upper) quast-
crystalline sample. For clarity the pattern of heat
treated sample Is shifted upward.



A novel method based on a statistical cor-
relation (also known as "noise analysis") tech-
nique for the experimental determination of
the K.ir of highly subcritlcal enriched fissile
units has been developed. It is well known in
the field of experimental reactor physics that
higher the degree of subcriticality the more
difficult It is to measure the K*ir value
accurately.

The present method is an extension of the
neutron coincidence counting technique de-
veloped for safeguards applications for the
nondestructive measurement of Pu content in
sealed samples or containers. In the
safeguards problem, the fact that Pu-240,
which is .always present in Pu, is a strong
spontaneous fission source, emitting neu-
trons in bursts of two or more, is exploited.
The neutron coincidence system employs an
electronic pulse series analyser to measure
the total count rate (T) and the coincidence
count rate (R) during a 128 [is time gate
following any initiating neutron pulse.

In the case of reactor assemblies the chain
related nature of the neutron multiplication
process gives rise to correlations among neu-
trons. The degree of correlation can be related
to the properties of the multiplying system
such as the multiplication factor (Kenr) and the
prompt neutron life time.

We have derived the following simple rel-
ation between the system Ktir and the experi-
mentally collected coincidence data:

Novel Technique for the Mea-

surement of Keff of Highly

Subcritical Systems

IU 2v

Here S is the neutron source strength in the
assembly, F is a constant between 0.5 and 1.0
related to the neutron die-away time govern-

ing the detection process and can be obtained
by observing the real coincidence count rate
as a functin of the_gate interval for a Cf-252
source, v (v-1) = v2-v contains the factorial
moments of the multiplicity distribution of
neutrons released in the fission process
which are properties of the fissioning nuclide.

The ratio
v(v-l)

2v
can be deduced from the

v(v-l)
Diven parameter —=— published in readily

va

available nuclear data tables. For example, for
the commonly occurring fissile nuclides of U-

233. U-235 and Pu-239 the value of

0.986, 0.982 and 1.186 respectively.

v(v-l)
2v

To confirm the validity of the proposed
method, an experiment was carried out at
Trombay on the storage tank containing the
U- 233 uranyl nitrate fuel solution of the
experimental reactor PURNIMA II. Fig. 1 de-

Fig. 1. Experimental arrangement Jor measuring of Ken
of storage tank.

GIOVE BOX



plcts the experimental arrangement. Sur-
rounding the storage tank were two semi-
annular aluminium containers filled with
water. Eleven numbers of BF3 neutron coun-
ters were located vertically Inside the alum-
inium containers forming a ring around the
storage tank. Using this arrangement a neu-
tron detection efficiency (counts per fission) of
5% was achieved. This was adequate to give
real coincidence count rate (R) values high
enough to enable the measurement of Kar
values down to 0.4.

The measurements were carried out at
several different fissile solution heights. The
level of the solution in the storage tank was
measured by means of an ultrasonic level
monitor. The neutron source strength varied
with core volume at the rate of 24.6 neutrons
per gram of U-233 in the fuel solution. The
experimental results are summarised in
Table I. Fig. 2 shows a plot of the theoretical
1/Krirvalues (as calculated by the Monte Carlo
code KENO) vs the experimentally measured
quantity > (T7RS). It may be observed that the

TABLE I

Experimental Results

Solution
height (h)

(cm)
(1)

Core mean
chord length

(cm)
(2)

Measured
quantity
[T/RS]

(3)

Present
Experiment

(4)

KENO
Code

(5)

13.0
15.0
17.0
19.0
20.8
22.7
24.6
26.4
28.2
40.9

9.67
10.18
10.60
10.96
11.24
11.50
11.73
11.92
12.10
12.96

2.283
1.783
1.577
1.351
1.120
1.026
0.935
0.853
0.798
0.574

0.443
0.505
0.536
0.574
0.619
0.639
0.661
0.681
0.695
0.759

0.440
0.470
0.510
0.545
0.605
0.617
0.630
0.644
0.659
0.715

us experimentally measured

data points lie on a straight line passing
through the point (0,1) as expected from the
above equation, thus confirming its validity.
Columns 4 and 5 of Table I compare the
experimentally deduced Km values with the
corresponding KENO code calculated values.
The agreement is very satisfactory down to a
highly subcritical region corresponding to a
K* of 0.4.

This simple and passive technique is ex-
pected to. find many useful applications such
as the direct on-line measurement of degree of
subcriticality of process plant equipment and
fuel storage tanks in reprocessing plants, fis-
sile fuel storage vaults etc.

It is interesting to note the variation of IW
with the size of the cylindrical solution core.



On the basis of the Trombay Critjcality For-
mula it is expected that the Kcrr would vary
linearly with the core size measured in units
of mean cord length. This is confirmed In Fig.
3 which shows a plot of the experimental K.n
against the mean cord length given by

1 = — =
1 0.5 +h/d

where h and d are the height and diameter of
the cylindrical core. This observation is very
useful In studies pertaining to the criticality of
fissile solutions contained in cylindrical geo-
metry vessels and tanks.

PURNIMA I I REACTOR: STORAGE TANK

2 < i fl 10 11 It W W

CORE MEAN CHORD LENGTH ( e (CM) »

Fig. 3. Experimental Kcir vs core size expressed as mean
chord length t
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The 14 MV PeUetron accelerator a collaborative prvject
ojTIFR&BARC.

Pelletron Accelerator

Completes Performance Tests

The Medium Energy Heavy Ion Accelerator
Facility set up at the Tata Institute of Funda-
mental Research, Bombay, jointly by Bhabha
Atomic Research Centre and the Tata Institute of
Fundamental Research, became fully opera-
tional in October 1988. The 14 UD Pelletron
accelerator is a tandem Van de Graaff accele-

rator with 14 million volts terminal voltage.
After the hardware installation, the Pelletron
accelerator underwent a variety of perform-
ance tests and these tests were satisfactorily
completed. Protons, alpha particles and heavy
ions like chlorine ions have been accelerated
at the maximum rated terminal voltage of 14
million volts. The corresponding final energies of
the accelerated partiles are 28 MeV for
protons, 42 MeV for alpha particles and 140
MeV for chlorine ions of the 9+ charge states.

The components of the Pelletron accelerator
were supplied by M/s. Electrostatic International
Incorporated, USA. The accelerating parts of
the machine are housed inside a large pressure
vessel (about 25 m long, 5.5 m diameter and
120 tons weight) filled with sulfur hexafluo-
ride gas at a pressure of nearly 80 psig. This
pressure vessel is an important indigenous
item of the pelletron accelerator and a number
of new technological achievements were realised
during its fabrication, transportation and ere-
ction. Other important indigenous components
are four gas storage tanks, computer-controlled
beamline equipment and health & safety sys-
tems.

This is the first accelerator facility in the
country to accelerate heavy ion beams to suffi-
ciently high energies suitable for advanced re-
search in nuclear physics. A variety of experi-
mental facilities have been built to undertake
research with the facility in the newly emerging
areas of heavy ion induced nuclear reactions.
Some of the research programmes planned with
the accelerator are nuclear structure studies at
high angular momentum; elastic, inelastic scat-
tering and transfer reactions; heavy-ion fiision
and fusion-fission reactions; spectroscopic
studies of exotic nuclei far from stability line,
and hyperfine interaction studies. This
accelerator facility will also find applications
for research in atomic physics, chemistry,
solid state physics and radiation effects in
materials.



Dynamic programming techniques are
often of great use in solving complex problems
of reactor design. The method essentially con-
sists of determining the maximum of a function.

Here Pi (x>) is the return coming from a choice
xi made at the i-th stage. The total number of
choices is fixed by

X =
N

and the objective is to make N choices in such
a manner that the total return is maximum.
Since the maximum of F depends only on c
and N, we can define a sequence of functions

Max
f (c) = F{x.x.

N • '

{X,}

forN= 1.2.

X /
M

For any given N, once the stages 1, 2,
N-l have been chosen optimally, the

maximum total return is obtained if the Nth
stage is also optimally chosen. This leads to
the recurrence relation

f (c) = Max |p (x)
N [_ N

f (c-x)l

J
forN = 2, 3

f, (0 = p, (0

Use of Dynamic Programming

Methods in the Physics Design

of Reactor Cores

One complex problem recently faced in
PHWR reactor design was that of identifying
an initial core loading which gives full power
without reducing the worth of the reactor shut
down systems. When a combined loading of
natural uranium and thorium bundles was
tried, the normally used method of trial and

A

a
c
D

E

F

G

H

J

K

I

M

i

N

0

p

i

0

R

s
r

7

5

B

9

2

1

9

9

10

2

6

10

10

2

e

5

7

i

9

9

" I "

S

B

&

6

5

9

9

2

9

9

3

2

13

6

2

1

IS 16

2

17 Id 19

S

20

8undl» nutntrtng in channel

North | 1 | 2 | 3 \i | 5 | 6 | 7 j 6 | 9 |iQ-|Scuft

Fig. 1. 34 thorium bundles. Axial position indicated by
Arabic numeral. Remaining 3026 bundles are
natural uranium.

error failed totally to give an acceptable load-
ing. The problem was then tackled by a
dynamic programming method and success-
fully solved. Fig. 1 shows the loading which
was thus worked out. It is clear that the
distribution of the 34 thorium bundles within
the core is of a nature as to be far from obvious
on mere inspection.

Dynamic programming was also used to
redistribute the control rod locations between
the primary and secondary shut down systems
of the standardised 235 MW(e) PHWR. This
increased the worth of both systems by about
25% to 30%.



12

Fig. 1. Argon Ion Laser with multiline operation.

Argon ion (Ar+) continuous wave laser is
perhaps the most versatile source of powerful
radiation in the visible region of the electro-
magnetic spectrum. It emits several lines in
blue- green and it also serves as a purnp for
dye lasers whose output can be tuned from
ultraviolet to near infrared. Consequently it
finds wide ranging application in spectroscopic

Development of Argon Ion

Laser

research. While such lasers have become com-
mercially available, mainly in the USA, they
are expensive, costing several lakhs of rupees.
Furthermore, the plasma tube which can be
regarded as heart of the laser and costs almost
half as much, needs frequent replacement. It
was, therefore, considered worthwhile to develop
Art+ laser indigenously.

4pJD°
m 4 P JpO

,,. ,,<, . V 3P 15.75 V

T > 50 laser trumnions in i 127,109.9 cm"1

Arl. X - > 0 . 7 - :

Fig. 2

Construction of an argon ion laser presents
various challenging problems. The upper laser
levels of Ar+which are about 35 eV above the
atomic ground state (Fig. 1) are mainly popula-
ted by electron impact excitations. Large num-
ber of electrons with requisite energy (> lOeV)
for this process are produced in arc discharges
with high current densities. For few watt optical
output, current densities are in the range of
200 A/cm2. This implies that typical power
dissipation in a 3 mm diameter plasma bore is
around 200 W/cm. The material used for
fabricating plasma tubes must therefore with-
stand high temperature and erosion from ion-
bombardment. Our experience shows that even
highly refractory materials like graphite and
molybdenum suffer appreciable bore erosion
under sustained operation.

We have developed at BARC a segmented
metal-bore design for ion laser consisting of
tungsten discs spaced by quartz rings, stacked
inside a quartz tube (Fig. 2). Fragile glass-to-
metal seals are completely eliminated. An O-
ring seal is employed between the quartz
envelope and copper end-flanges to which
electrodes are fixed. As seen from the figure
the design is modular in concept. This makes
dismantling and reassembling of the complete
laser system a straightforward operatton.
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flNODE FLANGE

Fig. 3.

Locally available Iolar grade argon gas is in-
jected at the cathode end and is pumped
through the anode using a rotary pump, pres-
sure inside the tube being controlled using a
needle valve. Also for effective plasma con-
finement, an axial magnetic field (upto 1 K
Gauss) is applied using a solenoid. The laser
has been operational for about a year and is
presently coupled to a Raman spectrometer
for inelastic Raman scattering studies from
semiconductors.

To achieve single wavelength operation, a
broad band partially reflecting transmitting
mirror (R 400 cm, T ** 5%) is employed as
output coupler and littrow prism as back
reflector. F'or multi-line operation, the prism
can be replaced by a plane reflecting mirror.
At an operating current of 20A, output power
of 2.7 W has been achieved. The photograph
shows several lasing lines ranging from blue
to green.
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Dielectric multilayer optical thin film devi-
ces of high precision needed for different laser
applications have been developed indigenously
in BARC. Because of their characteristic pro-
perties optical thin film devices like high re-
flecting (HR) dielectric mirrors, output couplers,
anti reflection (A.R.) coatings, beam combi-
ners, band pass and edge filters, multiband
H.R. and A.R. coatings, polarizers etc. find
differem applications not only in the fabrica-
tion of lasers but also in other front line
research activities like laser fusion, laser Iso-
tope separation, use of synchrotron radiation,
solar energy and space research. R & D facili-
ties are set up in the Spectroscopy Division to
develop the optical thin film design and fabri-
cation technologies indigenously since their
fabrication details are not available in litera-
ture.

Development of hard, low loss, stress free
and high laser damage resistant thin film

BEAM C0MBINER(T4,,>95%eRV]>9»%)
U V LASER BEAM \ __ /) \,

(a) TARGET

300 500 Mnm)

(C)

Fig. 1. Beam combiner: (a) principle, (b) construction,
and (cl performance

Development of Optical Thin

Film Devices for Lasers

devices have to be first designed and fabri-
cated after optimising different process and
film parameters. A design method using a new
technique called "Limited Scan Damped Least
Squares Optimisation" was developed to design
optical thin film devices.

The potentiality of this technique is illus-

trated in the case of a beam combiner de-
signed and developed for photodissociation
studies where a target is irradiated collinearly
with two laser beams of wave length kx (337
nm) and A2 (420 nm) simultaneously. (Fig. 1).
The requirement for this beam combiner are a
high transmission for A, and a high reflectivity
for X2. This could be achieved by following the
new design technique illustrated briefly in Fig.
2. The device developed had more than 95%
transmission for A, and more than 99% re-
flection for X2. Similar combiners for other
wavelengths have also been developed.

100, —

50

t\
100

50

100

50
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MATCHING TECH.
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LIMITED SCAN

[IMPROVE FURTHER

I OPTIMISATION
METHOD

500(nm)

Fig. 2. Principle of the new design method/or designing
a beam combiner

Development of such modern thin film
devices with stringent optical specifications
pose some problems. Film properties like re-
fractive index, transmission, scattering, thick-
ness, stress, hardness, resistance to laser
radiation etc. depend on the film structure
which in turn depend on different process
parameters used In a complex way.

By vacuum evaporation such studies have
been made for TiO2, CeO2, ZrO2. S1O2, A12O3.
MgFa. MgO, T a ^ , Sb2O3 , ZnS and Na3AlF6
materials so for. For each material, process
parameters were established which make the
device hard, stress free, low loss and with-
stand high laser power intensities.
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Using the data thus obtained, different
thin film devices as shown in Table were
developed indigenously. The devices have re-
flection as high as 99.5% and losses as low as
0.5%. The devices are in constant use and
found to withstand lasers operating upto 1
MW max. power with 10 ns pulse widths.
R & D work to develop other and new devices is
in progress.

THINFILM DEVICES DEVELOPED SO FAR

LASER

XeCI 308

N2 337

HeCd+ 442

DYE 400-600

YAGH

Ar+

532

515

Cu-VAP 510-570

HeNe

YA6

633

1064

DEVICE

A.R.a H.R. COATINGS

« . « » H.R. COATINGS,
BEAM COMBINER AND
BEAM REFLECTOR.

H.R. COATINGS AND
OUTPUT COUPLERS.

A.R & H.R.COATINGS
AND BEAM DIVIOERS.

A ft 8 H ft. COATINGS
AND BEAM DIVIDERS.

H.R COATINGS.

H.R COATINGS,
OUTPUT COUPLERS AND
ZONAL COATINGS.

H R. COATINGS

H.R.COATINGS AND
OUTPUT COUPLERS

Table. Thin devices developed so far in BARC
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A new spectroscopic technique has been
developed for analysing single colour reso-
nant multiphoton ionization spectra of atoms.
Though demonstrated for uranium, it is app-
licable for other heavy atoms.

Resonance ionization (RI) spectroscopy has
assumed importance in recent years because
of considerable applications like laser isotope
separation, trace analysis, single atom detec-
tion and associated areas. In light atoms, RI
spectrum is used for knowing about inter-
mediate levels as the spectrum is simple
enough to interpret. In heavy atoms, there are
large number of low-lying metastables which
are quite populated and have their own RI
spectra juxtaposed to that from ground state.
Thus, it becomes important to identify the
starting level corresponding to each feature In
single colour (SO resonance ionization spec-

i

x2

x2

x2

k

J
-i-s

•sssSS. S/S.

(a) (b)
Fig. I.

Identification of Laser Photo-

ionization Features by Pump-

Probe Technique

trum. The technique developed at Trombay
unambiguously identifies the starting level
involved. It offers an attractive alternative to
the only other known technique using photo-
electron spectroscopy.

The starting level, S, (Fig. 1) for a single
colour multiphoton lonization resonance can

be the ground state or one of the low lying
metastables of UI at 620, 3800, 3868, 4275
cm" ' etc. One dye laser (DL,) is tuned to a
transition between S and an intermediate
level I accessible from S. The intensity of this
laser is chosen such that no significant single
colour ionization is produced while excitation
from S to I should be substantial. A second
dye laser (DL2) is tuned to a single colour
ionization (resonance feature chosen for in-
vestigation) which may or may not start from
S. The second laser is delayed by 25 ns to
avoid temporal overlap with the first laser and
avoid complications of two colour multi-
photon ionization spectra. If single colour
ionization resonance at A2 involves an ioniz-
ation pathway originating from level S, there
will be a reduction in SC single amplitude in
presence of (DL,) compared to that in its
absence. If ionization process involving A2
does not involve S, there will not be any
change in SC signal in two cases. By this
procedure, the starting level of the ionization
pathway can be unambiguously identified. In
our study (schematic of apparatus shown in
fig. 2) we have used two narrow band dye
lasers pumped by high repetition rate (5.7
KHz) copper vapour lasers. DLt was chopped
at 530 Hz and and phase sensitive ionization
signal was detected by a lock-in-amplifier. (For
experiment using low rep rate lasers simply
blocking and unblocking DL, will yield similar
results). In such a signal detection
scheme, SC resonances which do not origi-
nate In S, will not show up. On the other hand,
SC resonances that originate from levels
which are depleted by the DL, beam will show
up as negative signals. Positive signals will,
however, correspond to two colour three

photon ionization resonances (S ^-i-> I, ^ - »
I2) starting from S.

Thus, recording of single colour ionization
spectra by fixing /, to transitions Involving 0,
620 cm"1, 3800 cm"1 etc., scanning the
wavelength A2, a complete information about
the starting level of each spectral feature can
be derived. A portion of such spectrum is
shown in Fig. 3. The negative feature shows up
against SC ionization signal F at interval
(17359.06 cm"1) when A, (575.8 nm) was
locked to transition (0-17361.89 cm"1)
involving starting level 0 cm"1. It therefore
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confirms that the ground state is the starting
level for this feature.

Spectrum like this combined with inform-
ation from two colour three photon ionization
spectra, also obtained in our laboratory, can
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completely identify ionization pathway in
multi-photon tonlzation of heavy atoms. This
information is helpful in evaluating the role of
various parameters in scaling up of ionization
process with laser intensities.
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Fig. 1. Relative photodissociation cross-section of NaRb
molecule versus the argon Ion laser wavelength.
am is arbitrarily taken as 70 for 4880 A° wave-
length. Error bars represent the spread from five
different sets of observations.
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Fig. 2a. Heat pipe oven.

In recent years there is a spurt in the laser
spectroscopic investigations of alkali dimers.
Alkali dimer is increasingly being used as
workhorse to investigate a variety of laser
induced phenomena like fluorescence, photo-
dissociation, excitation energy transfer etc. It
is also a potential candidate to be used as
active medium in IR lasers.

Laser Spectroscopic Studies of

Alkali Vapours : Photoexcita-

tion, Photodissociation and

Excitation Energy Transfer

Using a pyrex glass cell which is resistant
to corrosion upto 200° C a quantitative study
of Laser Induced Photodissociation of NaCs
and NaRb molecules was done for the first
time (1,2). Relative photodissociation cross
section was measured using various lines of
argon ion laser. It was observed that the cross
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section for dissociating these molecules by
laser photon varies considerably with wave-
length. As an example, for NaCs the cross
section increases by almost two orders of
magnitude as the laserowavelength is changed
from 5145 A to 4579 A. For NaRb, this cross
section shows an interesting quasi- resonance
structure at 4727 A (Fig. 1). This was ex-
plained by using serniclasslcal theory of phr T-
dissociation (2).

To carry out studies at higher temper.,
tures and higher number densities a device
known as "Heat Pipe Oven" was fabricated.
The device (Fig. 2a) consists of a long metal
tube carrying windows at the ends which are
cooled by the circulation of water. The inside
wall of the tube is covered by a wire mesh
rolled into the tube-which acts like a wick.
The tube is loaded at the centre with the
metal, the vapour of which is under study. The
middle portion of the pipe is heated by a block
heater, which melts and vapourises the metal
in the tube. The vapours travel towards the
end of the tube, condense to a liquid which is
fed back to the centre of the tube by the wire
mesh acting as the wick. The process is a
continuous one producing a column of satu-
rated vapour at constant temperature. The
heat pipe is initially filled with some rare
gas-helium or argon, which is driven to the
ends when the heat pipe is working and keeps
the windows free from deposition of the metal
vapour.

Gos inlet

Weld-

Fire brick

• Mirror

Fig. 2b. Crossed heat-pipe oven and experimental setup
jarjlourescence experiments.
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The device can be used for absorption or
laser induced fluorescence (LIF) studies of
vapours. We have modified the heat pipe oven
to our need to observe LIF at right angles to
the exciting beam, and also to monitor reson-
ance ionisation (Fig. 2b). We have successfully
operated the device upto 700" C with different
alkali metals such as Na, K, Rb and Cs and
their mixtures. Argon as buffer gas was used
for pressures between 10 torr and 100 torr. At
all these conditions the observation windows
have remained clean without any deposit,
which fact is very important especially when
dealing with alkali meta! vapours. Using this
device a systematic study was made (3) of
excitation energy transfer through collisions,

u 1 +

from B1UJ to the (2) £ state of Na,j molecule.
+ s +

The (2) £ state radiatively decays to the A £
g 1 + 1 + u

state. The subsequent A£ - X I emission in
the 6000 A-8000 A "region is studied.
Interestingly it is seen that the coarse structure
of this emission remains unchanged irrespec-
tive of the argon ion laser wavelengths. However,
there are finer differences in structure due to
accidental coincidences. 5145 A and 4880 A
populate mainly the odd J levels in the (2)
£ state after Wn — (2) X collisional energy
g &

transfer while the other lines (4765 A & 4965
A) populate both the even and odd J levels.
These observations have been verified (Fig. 3)
using a computer simulation.

€3006400

Fig. 3. A-X emission in Na^ using 4880 A° (trace A) and
4965 A° (trace C) laser line excitation. Traces B
and D represent the computer simulations for A '•
and C respectively.

References :

1. A. Sharma, M.N. Dixit and G.L. Bhale,
Pramana, J. of Physics, 27, 695, 1986.

2. A. Sharma, G.L. Bhale, M.A.N. Razvi and
M.N. Dixit, Opt. Communications 61, 21,
1987.

3. A. Sharma, G.L. Bhale, MAN. Razvi and
M.N. Dixit, Pramana, J. of Physics, 30(4),
309, 1988.



21

Personal Computers are proving to be
handy tools for the experimentalists. With on-
line instrumentation, data collection, process-
ing and analysis become automated and the
experimental scientist is left free to indulge in
creative pursuit of science instead of perform-
ing the mundane tasks of collecting data on a
floppy, taking it to the main computer system
and analysing it off-line.

NEUTRON SOURCE
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\

SINGLE-
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SINGLE
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Fig. 1. Rotating crystal type neutron spectrometer

A neutron time-of-flight experiment req-
uires its data acquisition system to capture
timing data from the spectrometer in real-time
while simultaneously applying validation
checks and time-scaling and also providing
live display. In a regular repetitive set-up like a
rotating-crystal spectrometer, the acquisition

Time-of-Flight Analyser based

on IBM-PC

software must be efficient enough to ac-
commodate the repetition rates so as not to
lose events. This entails interrupt-driven ac-
quisition with assembly language programm-
ing. The channel width for the timing is of the
order of a microsecond and therefore an ex-
ternal hardware timing is essential which

Fig. 2. 1BV PC based 4K ttmeqfjltght analyser

Fig. 3. Time-of-Jllght analyser based on IBM PC

works under software control from PC. Careful
system architecture is thus required to match
the timing requirements. Pig. 1 shows the
rotating crystal type neutron spectrometer.

An IBM-PC based 4K-channel time-of-flight
analyser for this type of spectrometer has
been developed at Computer Division, BARC.
Mono-energetic neutrons, after scattering by a
test sample, are collected by 8 detectors and
the time of this flight is to be captured accu-
rately by the data acquisition system, while
applying validation checks and scaling in real-
time. A hardware unit external to the PC
provides timing measurement, whereas the
actual acquisition is done within the PC itself
under interrupt control. The
foreground/background control software
handles acquisition and its control in the
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foreground while providing live-display, data
manipulations and processing functions in
the background. The system provides progra-
mmable channel-width, initial delay, number

ROTATING
MIRROR.

NEUTROH
SPECTRO-
-MET6R

START

STOP I
!

CONTROL

LOGIC

also provided for control of acquisition. Fig. 2
shows the system block diagram. The system
has been already operational at Cirus Reactor,
BARC.
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A wireless telemetered seismic network is
under installation at Bhatsa, about 100 km
north-east of Bombay, for continuously moni-
toring seismicity of Bhatsa region where a
large masonry gravity dam is nearing compl-
etion. This region experienced moderate
earthquake activity during 1983-84 and is an
important source of water supply to Bombay.
When fully operational sometime towards the
end of this year, the telenet in an area of about
20 km x 20 km will have eight 1-second vert-
ical seismometers and three 1/2-second 3-
component seismometers within the earth-

Bhatsa Seismic Network

quake zone in the catchent area. All the field
stations are powered by battery trickle
charged by solar panels, while the master
receiving station (MRS) and the central re-
cording laboratory (CRL), both located at Bhat-
sanagar, are driven by uninterrupted power
supply (UPS) independent of A.C. Mains.

Frequency modulated (FM) seismic signals
detected by each of the sensors are trans-
mitted to MRS over UHF radio links. These
signals are routed to CRL where the analog
signals are converted to digital form at 200
samples per second per channel. When a
signal is detected, the multichannel data cor-
responding to it with some pre-event noise is
encoded and written on a magnetic tape using
a 4-track recorder which is triggered on-line
and controlled by an appropriate circuitry.
The interrupt mode recording is organised on
a common time base derived from a stable
crystal clock at CRL. The tape data can be
played out through DAC on a 12-channel strip
chart recorder to prepare paper transcripts of
seismograms. For monitoring the operational
status of field channels, a visual helical drum
recorder is provided at CRL which gives a
compact 24-hour record corresponding to a
preselected channel. A multichannel wave
form display unit is also incorporated In the
system for viewing simultaneously all recor-
ded channels on the VDU screen.

To process the detected signals, it is
planned to interface the telenet with a micro-
computer system in PC/AT configuration. A
40- megabyte cartridge tape recorder is en-
visaged to be used with the computer for
short-term data storage. However selected
data segments can be dumped on a floppy
diskette, which can be further processed at
the ND Computer system at Trombay.

A layout of the Bhatsa telemetered network
is shown in the Figure. The system is expected
to provide for the first time accurate inform-
ation of source of tremors in this region and
thus monitor continuously seismo-tectonic
status of the region.



24

For a complete reconstruction of the past
climatic pattern of the earth, especially the
frequency and intensity of the ice ages, the
deep sea sediment core studies need to be
supplemented by data from continental re-
gions. Kashmir valley provides a 1 km thick
folded sedimentary profile, exposed due to
uplift and subsequent erosion, which con-
stitutes a continuous geological record of the
past 4 million years. The top mantle of these
sedimentary deposits is wind-borne silt (loess)
interstratified with palaeosols (fossil soils).

DEPTH IN METCRS

Fig. 1

Palaeoclimatic Study of the

Kashmir Valley Using

Multielement Data and Pattern

Recognition Technique

Mutielement analysis of these loess-pal-
aeosol sequences has been conducted using
the Energy Dispersive X-Ray Fluourescence
Spectrometry and the pattern recognition
technique. The distribution of trace elements
in these sequences is found to be closely
related with the process of soil formation, the

concentration of Fe, Ti, Mn, Ca and Sr being
generally higher in palaeosols than in loess
(Figure 1). Detailed examination of the data
using the principal component analysis tech-
nique reveals that, insplte of post-depositional
perturbation in some layers, there is a close
association in the concentration variation of
several groups of chemically similar elements
like (i) K, Rb (ii) Fe, Ti, Mn, (iii) Cu, Zn, and
(iv) Ca, Sr (Figure 2). Such correlated varia-
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tions in the concentrations of various groups
of elements, also observed in modem soils,
enables the identiiication of various loess-
palaeosol sequences and hence helps in dis-
tinguishing between cold and warm periods.

The concentration of Fe and Ti is observed
to be generally higher in the loess profiles on
the Pir Panjal side of the valley which is rich in
ilmenite (Fe Ti O3) than on the Himalayan
side (rich in limestone) suggesting that the
geocheir.Sstry of the loess deposits is largely
controlled by local minerology and climatic
conditions and that there is no large scale
transportation of these sediments as observed
in European loesses.
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The Gulmarg gamma-ray telescope has
tracked a number of potential cosmic gamma-
ray sources during the last two years.' The
highlights of the study are the detection of TeV
gamma-ray bursts from CYGNUS X-3 during
October, 1985 and the first-ever detection of a
TeV gamma-ray signal from a white-dwarf
binary- system, AM-HERCULIS.

The CYGNUS X-3 observations were made
during October 10-16, 1985 when this source
produced an exceptionally strong radio out-

Very High Energy Gamma-Ray

Signals from CYGNUS X-3 and

AM- HERCULIS

burst, attaining a peak flux density of ~ 18
Jansky on October 9 at 23.76 UT. Figure 1
shows the variation of the Gulmarg event rate
with CYGNUS X-3 zenith angle and the X-ray
phase on four observation nights. Two possi-
ble gamma-ray bursts have been recorded on
October 10 and 12, each of duration 216 s.

The first burst recorded at 14.47 UT on October
10, manifesting itself as a 3.8 a excursion
above the background level, occurs very close
to the peak epoch of the radio burst and has a
chance occurrence probability of ~ 1%. The
second burst, recorded on October 12, corres-
ponding to a 4.1 a excursion above the back-
ground (chance occurrence probability ~ 0.3%).
occurs at the CYGNUS X-3 orbital phase value
of 0.2, close to where pulsed gamma-ray emis-
sion had been seen from this source earlier. It
is for the first time that possible bursts of TeV
photons have been observed from CYGNUS X-3
within a few hours of the maximum of a giant
radio outburst from the source, thus offering
the possibility of a more realistic modelling of
this enigmatic source, particularly during its
radio-high state.

AM-HERCULIS, a cataclysmic variable sys-
tem involving a magnetic white dwarf and a
sub-dwarf still evolving on the main sequence,
was observed from Gulmarg during the period
May-June, 1986. Phase histogram analysis of
the recorded atmospheric Cerenkov event rates,
performed by folding the data at the orbital
rotation period of 3.1 h, shows a highly signifi-
cant, non-uniform phase distribution with the
main peak centered at the magnetic phase 0m
~ 0.1 and a weaker secondary peak centered
at 0m ~ 0.6 (Figure 2). A high degree of
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correlation (~ 90%) is also observed between
the gamma-ray light curve and the phase
dependence of the circularly polarized light
from the source (Fig. 2), indicating the im-
portant role of the magnetic field of the white
dwarf primary in the acceleration and pro-
pagation of the high energy particle beams.
With a phase- averaged flux of (4.9 + 0.08) x
10"11 B cm"2 s"1. above the Gulmarg
threshold energy of 2 TeV. AM-HERCULIS

turns out to be one of the brightest sources of
very high energy gamma-ray observed so far. It
is for the first time that a cosmic source,
Involving a magnetic white dwarf rather than
a neutron star as the compact object, has been
shown to be an emitter of TeV gamma-rays.
Among other things, this imposes important
new constraints on the various theoretical
models dealing with the production of very high
energy photons in binary systems.
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How far do the nuclear structure effects
manifest at high excitation energies in nu-
clei? Do the intermediate structure reson-
ances observed in some heavy ion reactions
represent specific compound nuclear states
with particular values of angular momenta?
Alternatively, are they only statistical fluctu-
ations or reaction mechanism effects? These
are questions which are currently receiving
considerable attention In the investigations of
heavy ion nuclear reactions. However, it is not
necessary to always use heavy ion beams to
answer these questions. Similar information
can be obtained using inverse reactions.

The alpha particle beam from Variable
Energy Cyclotron at Calcutta has been fruit-
ftilly employed in an investigation in this field.
The inverse reaction 24Mg (12C) 18O, was
studied employing surface barrier detectors
for detecting l2C nuclei, along with simulta-
neous recording of elastic and inelastic scat-
tering reactions in the excitation function
measurements from 25 to 37 MeV of bom-
barding energy; These investigations not only
yielded definite evidence of a heavy ion re-
sonance in the 12C + 16O system at a high
excitation of 33.8 MeV in 28Si but also enabled
assignment of angular momentum value of
11 h to the resonance from the measure-
ments of angular distribution of iaC nuclei
with respect to the beam as shown in Fig. 1.

Such Investigations are now being pur-
sued with VEC using other target nuclei.

A Quasi-Molecular Heavy Ion

Resonance at High Excitation

in 28Si

"Mg(*He,12C)1BO
E«=27.8 MeV

[p,,(cose)J2

Houser- Feshbach
calculation

0.01
40 50 60 70 80 90

ec.m.<<»fl>

100 110

Fig. l.
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Fig, I. Schematic diagram of the experimental set-up.

The problems concerning the generation
and propagation of intense charged parti-
cle beams are important in connection with
the study of inertial fusion, plasma confine-
ment, plasma heating, collective accelera-
tion of ions, microwave and free electron laser
(FED generation.

The previous studies with gas filled diode
and REB transport at low pressure indicated
the possibility of efficient beam generation
and transport around 100 m Torr hydrogen
gas pressure. Here the results of a unique and
novel experiment in which beam generation
and transport have been carried out at the
same low pressure using a foilless diode, are
reported and compared with the results of a
similar experiment in which REB is generated
with conventional vacuum diode with titanium
anode foil, which isolates the high vacuum

REB-Plasma Interaction

Studies with KALI-200 System

region of REBdlode from the drift region where
any desired gas pressure can be adjusted.

The experimental set-up consists of a kllo-
Amper Linear Injector (KALI-2OO) with maxi-
mum beam parameters of 300 keV, 10 kA and
200 Joules, and one meter long drift tube
Immersed in an axial mirror magnetic field

with mirror ratio of 1.5 and a uniform field of
1.0 k'G. The magnetic field minimises the
radial beam loss. The conventional titanium
anode foil of vacuum REB- diode is replaced by
a 60% transparent copper anode mesh, which
maintains the same low pressure (10~5 Torr
to 250 m Torr) in REB- diode and drift tube.
The schematic of experimental set-up is
shown in Fig. 1.

The typical beam parameters for the foil-
less diode experiment are 240 keV, 0.1 to 6 kA
and pulse width from 10 ns to 65 ns. It has
been observed that the input beam parame-
ters are functions of the gas pressure and
maximum peak beam current of 6 kA is obser-
ved at a pressure of 100 m Torr of hydrogen.
The beam current and pulse width decrease
as pressure is further increased. The amplifi-
cation of the net current over the input beam
current upto six times is observed over the
propagation distance of 15 cm. The ratio of
peak transmitted beam current to peak Input
beam current increases as pressure is increa-
sed and there is an amplification of peak beam
transmitted current by a factor of 1.4 at a
pressure of 200 m Torr. Fig. 2 shows the
comparison of beam voltage, beam current
and net current waveforms at a distance of 2
cm for two pressures, viz. at 10 Torr and 200
m Torr of hydrogen.

Similar experiment with conventional
vacuum diode with anode foil thickness of
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Voltage)
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12.5 /̂  m (which has a scattering angle of 30°
as against the scattering angle of about 1° for
mesh anode) indicates net current amplifi-
cation of the order of 1.1 times at a distance of
90 cm and hydrogen pressure of about 200 m
Torr while in the foilless diode an amplifi-
cation upto 6 times over a distance of 15 cm is
observed around the same pressure range.

Analysis of the two experiments show that
the two stream instability is operative in the
pressure range studied. In the case of a vacuum
diode large scattering angle (30°) introduced
by the anode foil, reduces the two-stream
instability, while there is an enhancement in
the beam-plasma coupling because of reduced
scattering angle (1°) and hence increase in
two-stream turbulance. The analysis of beam
energy balance indicates the formation of dense
high temperature plasma over a short propa-
gation distance. There is also a possibility of
enhanced microwave emission and collective
acceleration of ions.

In conclusion, the foilless diode operation
can achieve better beam plasma energy coupl-
ing and is useful for fusion applications.
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Interaction of 0.27 and 1.0 MV REB with v/r 0.3 with
argon and hydrogen. The electron density, electron
temperature, plasma energy and charge transport are
Indicated by symbols n . T, P.E & Tr respectively and

Jigures In brackets on the curves indicate the voltage in
MV.

Transport of Gigawatt Pulsed

Relativistic Electron Beams in

Low Pressure Neutral Gases

The interaction of an intense relativistic
electron beam (REB) of pulse duration of a few
tens of nanoseconds with low pressure gases
is of considerable importance in the study of
beam transport and beam-plasma interaction
leading to plasma heating. Both these areas of
study have important applications in magne-

tic and inertial confinement fusion research.

REB transport in gaseous and plasma chan-
nels is basically governed by the self electric
and magnetic fields of the beam as modified
by charge and current neutralisation pheno-
mena in addition to the action of any exter-
nally impressed field. The beam, during its
transport in a low pressure gas. produces a
plasma and heats it by beam-plasma inter-
action which in turn modifies the beam trans-
port. Numerical study of beam-plasma inter-
action and transport have been carried out
taking into account all these phenomena so as
to determine the optimum conditions for effi-
cient beam transport.

The transport calculations have been done
for a moderate v / ( ~ 0.3) REB with voltages of
0.27 and 1.0 MV, pulse powers of 109- 1010W
and pulse durations of 50-100 ns. Electron
build-up has been determined taking into
account beam impact ionisation, avalanching
and plasma electron ionisation. The plasma
conductivity and temperature have been cal-
culated taking into consideration, electron-
neutral, electron-ion collisions and two stream
instability. The plasma current and induced
electric field have been calculated concur-
rently with conductivity and temperature. The
charge and current nuetralisation factors deter-
mined from the above plasma parameter cal-
culation have been used in solving the radial
equation of motion of beam electrons to find
out the charge transport.

The results of the calculations are summa-
rised in the accompanying figure where efficie-
ncy of transport, beam generated plasma ele-
ctron temperature and density and energy
coupled to plasma are plotted as a function of
gas pressure for two gases namely argon and
hydrogen. The calculated results of charge
transport and net current for 0.27 MV beam
have been compared with experiments conduc-
ted at this centre and showed good agreement.
The important conclusions of the siudy are :

1. The charge transport has a maximum
at an optimum pressure which is in
inverse proportion to the ionisation cross-
section of the gas.

2. For the same v/ , the higher voltage
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beam transport more efficiently.

3. At pressures lower than the optimum,
the transport is reduced due to insuffi-
cient charge neutralisation.

4. Transport at higher pressure is reduced
due to early breakdown of the gas which
results in high degree of current neutra-
lisation, a low net current and conse-
quently lesser focussing of the beam.

5. The energy coupled from beam to plasma,
for the parameters considered, is in the
range 1-10 Joules giving an efficiency of
coupling cf 1-3%.

6. Though the efficiency of coupling is
small, the beam generates a high density
plasma of 1013- 10'° cm "3 with tempe-
rature in the range 1-10 eV providing
suitable conditions for neutralising the
beam self fields and aiding efficient
transport of 75 to 90% at the optimum
pressure.
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Conventional nondestructive testing is
carried out manually. However, the demand
for more reliable data and the ushering in of
the computer age necessitate automated sy-
stems. Automation and remotised operation
also relieve the operator of the tedium of
working in inconvenient environments and
reduce the radiation dose during in-service
inspection of nuclear power stations.

Fig. 1. Remotised ultrasonic tube tenter. A.H-probe
stations. C- axial drive motor. D- circumferen-
tial driue motor.

r

Fig. 2. Control system for , *:
the above. ' v

fe1! ft "* i

Automated and Remotised

Ultrasonic Testing Systems

A remotised ultrasonic tube tester has
been developed for this purpose (Fig. 1). It can
carry four ultrasonic probes in the two probe
stations 'A' and 'B\ The probes can be driven
axially as well as circumferentialiy by two
motors 'C" and 'D". The scanning speeds are
adjustable. Fig. 2 shows the control system

which can be kept about 30 metres away from
the test location.

An automated immersion test system and
a C-Scanner system are also under develop-
ment.

Fig. 3. Scanner arm (top view)

Fig. 4. Scanner arm (side view)

The C-scanner will allow manual scan while
data acquisition is automatic. Fig. 3 and 4
show the scanner arm which will communi-
cate the probe position to the data acquisition
system through position sensing potentiome-
ters. This system is essentially meant for
bond evaluation in plate type fuel elements.

The immersion test system will have capa-
bilities to drive a probe systematically in X
and Y directions, to angulate the probe pre-
cisely in two vertical planes and to position
the probe accurately at predetermined posi-
tion. This precision system will be used to
develop inspection procedures for end cap
welds of nuclear fuel elements as well as for
carrying out basic studies about ultrasonic
beam shapes.
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Hight-Tc Superconductors :

How different from the

Conventional?

The recently discovered oxide supercon-
ductors of the type Y, Ba2 Cu3 O7 are different
from the conventional ones in more ways than
one. The fact that their transition temperature
is high is only one of their special features;
their critical current density, Jr, sharply falls
on the application of magnetic fields and they

Fig. lb

show a variety of hysteresis curves depending
on the magnetic field H, upto which the curve
is measured. The latter two features are re-
lated to the extent that the fall in Jc as a
function of H affects the hysteresis curve. In
conventional superconductors this feature is
not important because Jc does not depend
sensitively on the applied magnetic field.

A knowledge of the interrelation between
Tr, Jr and He (the critical field) is paramount to
the understanding of superconductivity. To-
wards this end a phenomenologlcal model
which assumes that Jr falls exponentially with
H was developed. This model predicts a variety
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of shapes (Fig. la) for the hysteresis curve and
they have all been observed (Fig. lb) in colla-
borative BARC-TIFR experiments. It also pre-
dicted that at certain locations in the hyster-
esis curve there should be a 'kink' (Fig. 2a)
which is related to the lower critical field, Hci,
of the superconductors. Upon measurement,
this 'kink' was observed (Fig. 2b). Thus, the
model seems an eminently reasonable one
which could be used to extract the lower
critical field Hci from measured hysteresis
curves. It. has been found that Hci for these
superconductors is less than about 10 Oe.
This may be compared with Hci above 100 Oe
for NbTi and Nb3Sn, conventional type II
superconductors.

These new features have led to the pro-
posal of qualitatively new pairing mechanism
in these superconductors. It is proposed that
the pairing interaction is strongly field de-
pendent; this leads to a sharply falling Jc with
H and also to a positive curvature of Hc2
measured against temperature. The upper
critical field Hca had indeed been found to have
such a curvature in a number of experiments
on single crystals.

Apart from the intrinsic interest the predic-
tions of this model have consequences on the
possible use of this new class of materials in
making superconducting magnets, gen-
erators etc.



35

The recent discovery of high-temperature
oxide superconductors has led to intense acti-
vity in both basic and applied aspects of
research in this field. Studies conducted at
BARC in synthesizing the 40K superconduc-
tors, La2.xMx Cu(Xj.y (M = Sr.Ba.Ca), the 90K
superconductors YBajCop,.., and" efforts in
understanding their salient superconducting
characteristics have generally kept pace with
the international advances in this field. BARC
has remained in the forefront among Indian
efforts aimed at devising methods to shape
YBajC^O^,, into useful shapes such as
wires, thin films or coatings on various
substrates for ultimate device applications.
Challenging problems of current interest to
the scientists in this centre are: (i) to
increase transport critical current density (Jc)
values beyond 10* A/cm2 at 77K in applied
fields upto lOKOe, (ii) study of microstructure
in relation to the mechanical properties of
oxide superconductors, (ill) growth of single
crystals of YBafiu^- x with improved Tc and
Jc values for basic studies, and above° all,
(iv) fundamental studies on physicochemical
and structural factors which affect the
superconductivity and related properties of
high-Tc oxide superconductors.

Over 50 research papers have been pub-
lished by BARC scientists in this field in
national/international journals. Some of the
principal achievements of the BARC programme
are :

Successful attempts have been made to
optimise the superconducting transition
temperature of YBa2 Cu3O7-x sintered speci-
mens as a function of heat-treatment and

High-Temperature Oxide

Superconductors

oxygen- stoichiometry such that Tc as high
as 106K.has been achieved (Fig. 1). Synthetic
routes to prepare this material in bulk
quantities (500g) with uplo 94% theoretical
density and controlled particle size have
been standardised. A large variety of
substitutional studies (e.g. R.E. ions and Zr at
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Y-sites; K, Sr and Ca at Ba-site; 3d-elements,
Ag, Al, Sn, V, Ti, Sc at Cu-site: and F, S at O-
site) have been attempted as a part of strong
programme aimed at understanding the
changes resulting in structural, magnetic and
superconducting properties upon Fe
substitution, using a variety of techniques
such as X-ray and neutron diffraction, thermo-
gravimetry, ESR, magnetization, Mossbauer
and transport properties. It was observed that
whereas RE-substitution at Y-site does not
alter the Tc, most other substitutes result in
lowering the To and increase in A Tc. Small
amounts of RE-ions (such as 0.20 at %Gd),
however, when substituted at Y-sites led to an
improvement in transport critical-current
density (Jc) to 400A/cm2 at 77K and the
sharpness in transition (Fig. 2). The lower
critical field Hc and magnetisation-Jc were
estimated to be 600 gauss and 104A/cm2 at
4.2K (in zero field). Environmental stability of
YBa2Cu3O7_x has been evaluated as a
consequence of exposure to different reactive
environments and also upon ageing.

It was demonstrated that EPR measure-
ments can be used as diagnostic tools for
monitoring the onset of superconductivity.
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Fig. 2

The occurrence of superconducting phase is
manifested in the following aspects : (i) obser-
vation of temperature-dependent low field
microwave absorption in the superconducting
phase, (ii) anomalies in the temperature de-
pendence of leakage current at T , which is a
measure of the imbalance of the bridge, and,
(Hi) field independent microwave absorption
in the superconducting phase.

For oxide superconductors Jc falls dras-
tically with the applied field H and this atTects
the hysterisis curve. A phenomenological model
predicting a variety of shapes for the hyste-
risis curves M(T) vs. H(T) has been developed.
It predicts a variety of shapes for the hysterisis
curves and also predicts a kink correspond-
ing to Hc2 at certain locations in these curves
(Fig. 3). In addition, the upper critical field Hc2

is predicted to have a positive curvature as a
function of temperature which also has been
confirmed experimentally.

M
0.4

-3.0

-0.4.

T)
H# = 0.63 T
He, = 0.05T

Fig. 3

YBa2Cu3O7-Ag composites have been made
with no appreciable drop in T upto 50 w/o Ag
and strips upto 150 mm have been produced.
Superconducting plasma-coatings on S.S. sub-
strates, thin films using sputtering techni-
ques and wires in Ag-sheaths have been pro-
duced and attempts are continuing to improve
their Tc and Jp values so as to match the
desired values. A beginning has been made to
obtain single-crystals of YBa2Cu3O7 material.

0.0 0.4 0.8 1.2
MAGNETIC FIELD (kOe)

Fig. 4

A more recent effort has been the synthesis
and studies of the second generation high T
superconductors discovered in 1988, namely
B^CajSr.CUjO, (Tc = 85K), T l jCa^Cup ,
(Tc = 106K) and TljCa^CUaO, (Tc = 125K).
An Improved matrix method has been evolved to
synthesize the single phase Bi-2122 and Tl-
2122. Structural studies have been completed
on these compounds (Fig. 5). Recent attempts
have been to replace the toxic element Tl with
other suitable candidates such as K and Ga in
the 125K superconductor TljCajBajCup^ with-
out significant loss in superconducting charac-
teristics.
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High Temperature YBa2Cu30x

Superconducting Wires

BARC has successfully produced short
lengths of silver encased Y^a^Cu^CK super-
conducting wires by powder-in-tube technique.
In this technique, the starting material is
a reacted mixture of Y2O3, BaCO., and CuO
which is non-superconducting. The powder
mixture is vibro-filled in thin walled silver
tubes, swaged and then drawn into wire of
0.5 mm dia.. wilh maximum area reduction of
915 : 1. The wire length obtained after draw-
ing is of the order of 10 metres. The continuity
of the powder meat in silver sheath is checked
by micro-focus radiography. Short length from
this coil is taken and fired in flowing oxygen
for several hours at temperatures ranging
from 850-910"C.

The samples are tested for critical current
densities at 77 K and zero field. The wires can
carry current densities of the order of 25 A/cm2.
Further efforts are currently on hand to modify
the fabrication route to induce texturing in
these wires with a view to improve critical
current density.
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Fig. 1. Pulse radiolysls set up

Time resolved spectral, electrochemical and
kinetic studies constitute a very important
thrust area of basic research in chemistry
currently pursued in many laboratories all
over the world. The results of such studies
have wide implications in diverse fields such
as radiolytic decomposition of coolants and
moderators in nuclear power reactors, che-

Study of Fast Reactions with

Electron Accelerator

mistry of vision, photosynthesis, energy con-
version, radiation damage in living systems
etc. The technique essentially consists of per-
turbing the equilibrium state of a system by a
short duration pulse, immediately followed by
monitoring the approach of the system to the
original or a new equilibrium state by using a

suitable probe such as a monochromatic light
beam, electrical potential difference or micro-
waves. The perturbing technique largely de-
pends on the type of chemical information one
seeks to obtain. Thus, when one is interested
in the reactions of ionic species excited mole-
cules and free radicals produced from these, a
pulsed source of ionizing radiation such as an
electron linear accelerator is the source of
perturbation best suited for the purpose. This
technique employing a pulsed electron accele-
rator to probe chemical reactions is known
as pulse radiolysis.

In BARC. one such facility has been com-
missioned recently employing a 7 MeV nano-
second pulsed linear electron accelerator. The
set up is shown schematically in Fig. 1. The
electron beam pulse from the accelerator ir-
radiates the sample contained in a lem * lem
"Suprasil" square cuvette kept at a distance of
~ 12 cm from the electron beam window.
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where the beam diameter is ~ lcm. The
transient changes in the absorbance of the
solution caused by the electron beam pulse
are monitored with the help of collimated light
beam from either a steady 250 watts tungsten
halogen lamp (for slow signals) or a pulsed
450 W Xenon arc lamp (for fast signals). The
accelerator, th' sample cell and the moni-
toring light so; i are housed in a shielded
cave and the monitoring light beam, after
passing through the sample cell, is directed to
the detection room through a tunnel in the
1.5 m thick concrete shield wall with the help
of fused silica lenses and front coated mirrors.
The light beam is finally focussed on the
entrance slit of a grating monochromator,
over the exit slit of which is fixed a photo-
multiplier tube (PMT) detector of wide spectral
response (185-900 nm). The output signal
from the PMT is fed to a 100 MHZ storage
scope. An electrically operated fast shutter
interposed between the monitoring light source
and the sample cell is normally kept closed to

prevent photolysis of sample and can be opened
for a duration of 50 ms covering the electron
beam pulse period. Within this time period,
the intensity of the Xenon arc lamp Ught
output is increased by 20-100 times for a
duration of ~ 5 ms to achieve improved S/N
ratio. Synchronisation of the electron beam
pulse with the shutter opening, pulsing of the
arc lamp and triggering of the base line of the
storage scope are accomplished with an indige-
nously developed sequential delay pulse gene-
rator. An IBM-PC has been interfaced with the
system to acquire and process the signals
stored in the storage scope.

The facility is currently used for a number
of research programmes : study of the excited
states of laser dyes, one- electron redox re-
actions in phenothiazine compounds some of
which are useful as radiation sensitizers in
cancer therapy, initiation and propagation
steps in the polymerization of vinyl mono-
mers, electron transfer reactions in metal
chelates etc.
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BARC has been engaged in the study of
metal hydrides in view of their utility as hydro-
gen storage materials. While looking for new
hydride systems, it has been possible to stabi-
lize new phases in Zr-Fe-H system. This was
made possible by fast extraction of heat in a
specially designed copper reactor and by hy-
driding at sub-atmospheric pressures and at
temperature below 0°C. This is contrary to
what is reported in the literature that the
hydrogen absorption in Zr-rich Zr-Fe com-
pounds is irreversible due to the formation of

Zr-Fe-H System : New Hydride

Phases

ZrH2 and ZrFe2. The hydrides having the gene-
ral formula Zr2FeHs, with x = 4.5, 3.8 and
2.25, were all found to have the expanded
tetragonal structure of Zr2Fe. From a syste-
matic study of the decrease in nuclear charge
density, see e.g. Fig. 1, as result of increasing
concentration of H-atoms, It is concluded that
(i) for low x values (x < 2), H-atoms occupy
tetrahedral sites formed by Zr-atoms only, and
(ii) for higher x values, H-atoms form the first
neighbours of Fe atoms. These studies also
bring out a qualitative change in the nature of
Fe-H bonding, as a function of x, without
changing the structure.

A new formalism for estimation of hydro-
gen diffusion, based on Mossbauer studies,
has been recently proposed. Temperature de-
pendent Mossbauer studies of Zr2FeHx system,
for different x values, seem to be in agreement
with this formalism. It is also found that the
activation energy for hydrogen diffusion is
appreciably lower for low x values.
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FeTi as a Catalyst for Hydro-

genation Reactions

Catalytic synthesis of hydrocarbons from
synthetic gas mixture is an important reaction
for alternative sources of energy as the synthetic
gas mixture can be produced by gasification of
coal by steam. Intermetallic compounds of rare
earth and transition metals which exhibit
reversible hydrogen storage behaviour, have
been found to be highly efficient and selective
catalyst for hydrocarbon synthesis in
comparison with the commercial catalyst
prepared by wet chemical process. During
catalytic reaction, these intermetallics under-
go bulk transformation to produce rare earth
oxide and dispersed transition metal clusters
which act as catalytic centres for hydrocarbon
synthesis in a self generative manner. FeTi is
another potential hydrogen storage material.
Catalytic behaviour of FeTi and related inter-
metallics has been studied for the first time
for CO methanation. From these studies it was
observed that FeTi also acts as a catalyst, but
unlike rare earth intermetallics, FeTi does not
undergo bulk transformation at reaction
temperatures and catalytic activity arises due to
Fe clustering over the surface of FeTi. Excess Ti
concentration (FeTi, 15) (Fig. 1) and partial
substitution of Ti by Sn (FeTi0 95 Sn0 05) was
found to enhance the catalytic activity signifi-
cantly and the existence of dispersed secondary
phase plays a crucial role in improving its
catalytic activity.

The catalytic behaviour of FeTi for H/D
exchange reaction is being investigated and
preliminary results show about 50% exchange
at 3 "
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Fig. 1. Molecular beam facility

Molecular Beam

Chemiluminescence

Dynamics of chemical reactions is a fron-
tier area of current interest and addresses
itself to such fundamental questions as how
chemical reactions occur, what are their ener-
getics and how the excess energy in a chemi-
cal reaction is disposed off. Molecular beam
methods provide ideal means to achieve single

collision conditions and probe the nascent
product quantum state distributions undis-
torted by secondary collisions.

The molecular beam facility (Fig. 1), design-
ed and fabricated at BARC, focusses attention
on chemiluminescence from the electronically
excited products from the reactions of metal
atoms with oxygen and halogen containing
molecules. About a dozen new chemilumi-
nescent reactions of samarium with fluoro,
chloro and bromo compounds have been iden-
tified and dynamic information on scattering
cross sections, photon yields and spectral
distributions have been obtained. Formation
of a heterohalogen compound, SmBrCl, was
seen for the first time, with this apparatus,
under single collision conditions.

The modular design of the BARC facility
has options to incorporate pulsed molecular
beam sources and employ pulsed lasers for
generation of state selected beams and pro-
bing darknonemitter product states by laser
induced fluorescence.

A major aspect of chemiluminescence is to
identify new chemical laser systems driven by
the energy released in a chemical reaction.
The high exoergecity of metal atom-molecule
reactions and energy disposal into electronic
channels of product molecules holds a pro-
mise for realising visible chemical lasers.
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Initial operation of Dhruva reactor with
type I fuel rods has resulted in the generation
of aluminium turbidity in the heavy water
moderator/coolant due to the vibration indu-
ced erosion / corrosion of Al clad of the fuel
elements. The turbidity carried along with it
significant quantities of fission product activi-
ties and traces of uranium This has necessi-
tated the development of a physical / chemical
method which can remove the turbidity from
the heavy water, thereby restoring its original
clean, contamination free status. Water Chemi-
stry Division after considerable research work
on this problem with laboratory generated
turbidity has developed a chemical process
which on application in the actual reactor
system resulted in successful removal of all
turbidity, uranium and the associated radio-
activity.

The reactor turbidity was first identified
by electrophoretic and X-ray powder diffrac-
tion techniques to be Bayerite aging to Gibsite
(both are different modifications of A12OV
3D2O). The isoelectric point of this hydrous
oxide is 5.0 to 5.4 pH units. Consequently the
suspended particles causing turbidity will
have a weak negative surface charge density
in the pH range of interest. Hence the appro-
ach adopted for trapping these suspended
particles has been to find out a surface with a
high positive charge. In order to realise this in
practice and to have it as an applicable techni-
que in the field, an ion-exchange matrix was
chosen as a medium on which the charge

Removal of Turbidity by a

Chemical Method from

Moderator/ Coolant

of Dhruva Reactor

density modifications were effected. The first
choice was that of Mg because of its high
charge / radius ratio as compared to other
ions. A weak acid cation exchanger in Mg+ +

form was studied which cleared > 104 ppm
bed-volumes of turbidity. Incorporation of
Mg (OH)2 by hydrolysis in this weak acid resin

matrix to give (RCOO)2 Mg-Mg (OH), resulted
in the removal of turbidity.

The high 1EPS (Isoelectric point of solid) of
Mg (OH)j, its layered structure being similar to
that of Gibsite and its low but optimum solubi-
lity in the water passing through it thereby
effecting a pH change, can simultaneously
meet all the requirements of a needed surface.
Experiments conducted with Dhruva D2O on
this resin had revealed that this bed while
removing the Al turbidity had also removed
the radioactivity associated with it.

Our laboratory-developed resin for the use
in Dhruva purification system was manu-
factured in large quantities by a local ion
exchange resin manufacturer. As shown in
Figs. 1 and 2, the first charge of the resin was
responsible in reducing the reactor D2O turbi-
dity from 136 ppm to 36 ppm, uranium from
100 ppb to 36 ppb and system p + y-activlty
from 6000 pCi/ml to 2000 pCi/ml. The
second charge of the resin brought down the
turbidity to less than 2 ppm, U <; 10 ppb and
system /? + /-activity to 600 pCi / ml. Simulta-
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neously an industrial centrifuge, a physical
method for removal of turbidities, proven
through experiments by Reactor Chemistry
Section taking into consideration the maxi-
mum conservation of precious heavy water,
was operated in parallel with the second
charge of Mg bed which has quickened and
removed the turbidity to acceptable limits i.e.
< 2 ppb silica scale.

Thus, by effecting a small change in the
existing purification system in Dhruva i.e.
replacing the normal filter cartridge by the
specially developed precipitation ion-exchan-
ger, and using one normal mtat'l bed ion
exchanger in series each time and a parallel
centrifuge, nearly 60 tonnes of heavy water
was clarified with its concurrent purification
from radioactivity and traces of U.
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Fig. 2. Gelation field diagram.

Sol-Gel Process and SGMP

Route for Fabrication of

Ceramic Nuclear Fuels

a) Sol-Gel process for making UO2

microspheres

Sol-gel proeesses are becoming increasingly
importanl in ceramic nuclear fuel technology
because they eliminate generation and handling
of highly radiotoxic plutonium and uranium 233
powders. The process is based on the conver-

sion of droplets of metal nitrate solutions to
gel particles which can be subsequently used
for making high density microspheres for vibro-
c-ompaclion or as feed materials for pelletisa-
tion. Since the conversion and consolidation
steps are essentially combined in the sol-gel
process, the handling of powders is not required
and this makes the process highly suitable for
glove box adaptation and for remote handling.
Work on this process has been taken up at
BARC to cater to the requirements of the
plutonium-based and thorium-based fuels in
our nuclear power programme.

Gelation of metal nitrate droplets is achie-
ved with ammonia, either supplied externally
as ammonia gas/ammonium hydroxide or inter-
nally (within the droplet) by addition of hexa-
methylene tetramine (HMTA) which can be
decomposed on heating. Internal gelation route
appears to have many advantages and exten-
sive studies on its chemistry were carried out
at BARC so as to define the requirements of
chemical control parameters more precisely
For making UO2 microspheres by this process,
an acid deficient uranyl nitrate solution
(nitrate/metal mole ratio = 1.5) is mixed with
HMTA and urea at 0"C and droplets of this
cold solution are contacted with silicone oil at
95"C for conversion to gel. The gel particles
are then washed to remove ammonium nitrate
and the excess reagents, dried, reduced and
sintered to obtain high density UO2 micro-
spheres. During gelation the UO^ hydrate
crystallites either floculate to yield a pasty
mass or crosslink to make a rigid gel structure.
Experiments were carried out for defining the
concentrations of different constituents which
would yield f,el suitable for microspheres pre-
paration, "he concentration if uranium was
varied fro.i; 0.7 to 1.5 M and the molar ratio
(hexa. urea/uranium) was varied from 1.0 lo
2.3. Based on these experiments, a gelation
field as shown in Fig. 1 was defined. In band A
larger primary crystallites ( > 10.000 A°) are
formed which cross-linked to form a gel. throw-
ing out excess liquid not accommodated in gel
structure. In region B agglomoration of cry-
slalliles lo form a pasiv mass look place. In
the regions C and I) small crystallites (1000-
2500 A° and < 1000 A° respectively) arc
formed and resultant gel structure could
aeeommodalc all liquid, ('(impositions from
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region C were found to be ideally suited for
making UO2 microspheres (Fig. 2). It has
therefore been established that uranium solu-
tion right from 0.7 molar to 1.5 molar can be
used for the preparation of UO2 fuel particles
by suitable adjustment of the concentration of
the gelation agents. These studies have proved
very useful for the preparation of uranium
carbide microspheres, porous UO2 microsphe-
res, and for microspheres of small size (< 100
nm). The studies would be shortly extended to
the preparation of (U, Pu )O2 microspheres.

b) Sol-Gel Microsphere Pelletisation
The sol-gel microsphere pelletisation (SGMP)

process developed in BARC combines the front-
end of the sol-gel microsphere flowsheet with
the back-end of the standard pellet making
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Fig. 3. SGMP process flowsheet.

flowsheet and readily meets the PHWR require-
ments of high (96% T.D.) density oxide fuel
pellets with 'closed' pores and advanced LMFBR
requirement of low density (85% T.D.) carbide/
nitride fuel pellets with 'open' pore structures.
The microspheres are prepared from uranium,
thorium or plutonium nitrate feed solutions

Fig. 4. Mlcrostructure of SGMP UO2 pellet

Fig. 5. SEM mlcrostructure showing the pore distri-
bution (SGMP)

1.0 2.0 3.0 4.0 . 9.0 (.0 7.0

PORE SIZE IN MICRON — » •

Fig. 6. Histogram showing the pore size distribution In
UO, pellet (SGMP)
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40/jm

Fig. 7. Mtcrostructure oJGd^ O3-UO2 pellet wtth carbon
(SGMP)

Fig. 9. SEM microstructure showing pore distribution in
Ga\ O3-UO2 pellet (SGMP)

by "internal" or "external" gelation processes.
High density ThO2, ThO2-UO2, ThOa-CeO2
(Ce for simulation of plutonium), UO4> UO2-
Gd2O3 and UO2- CeO2 and low density UC
and UN have been successfully prepared on a
laboratory scale by the SGMP route. The gel
microspheres of uranium oxide were prepared
by the 'internal gelation1 route of BARC. Gel
microspheres for other oxides as well as carbi-
des and nitrides were obtained from KFA,
Julich, where external gelation process is
followed. The SGMP process could be used as
a substitute for the conventional powder route
followed in the Nuclear Fuel Complex,
Hyderabad, for fabrication of high density UO2
fuel pellets for PHWRs.

For fabrication of high density oxide pellets
with the desirable 'closed" pore structure, soft
and 'porous' microspheres are prepared as
'press-feed' material. For this, the molavity of
the heavy metal nitrate is kept low (1.0) and

Fig. 8. X-ray Image showing gadolinium distribution in
Gd, 03-UO, pellet (SGMP)

I I
'l50jwnl

Fig. 10. Microstructure of UN pellet (SGMP)

carbon black is added to the sol/solution prior
to gelation. Later, the carbon is removed by
controlled calcination in air. The microspheres
are subsequently given a hydrogen treatment
in order to achieve a desirable stoichiometry.
The porous microspheres thus produced could
be easily pelletised and sintered to high
density pellets. The microstructure of sintered
pellets consisted of uniformly distributed,
nearly spherical 'closed' pores in the ideal size
range of 2-5 micron which increases the thermal
conductivity, improves fission gas retention
and provides space for accommodation of fuel
swelling.

For preparation of carbide and nitride fuel
pellets, the SGMP process involves minimum
process steps and avoids generation and hand-
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ling of highly pyrophoric carbide and nitride
powders. The gel microspheres of the heavy
metal oxide or their mixture containing uni-
formly distributed carbon black particles are
subjected to carbothermic reduction in vacuum/
argon and nitrogen for carbide and nitride

respectively. The microspheres thus produced
are directly pelletised and sintered to carbide
and nitride pellets of low density with signi-
ficant quantity of 'open' pores. The 'open'
pores facilitate fission gas release and in turn
minimise fuel swelling.

SOL GEL MICROSPHERE PELLETISATJON SGMP

Fig. 11
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Solvent extraction of actinide ions has
been and continues to be one of the most
widely used methods for their separation and
purification. It is known that the extraction of
actinide ions is enhanced when a combina-
tion of certain extractants are used instead of
using them individually. A comprehensive resea-
rch programme is being carried out to under-
stand the mechanism of the enhancement,
usually referred to synergism and the equili-
bria involved in the extraction. Different
methods such as slope analysis. Job's method
and spectrophotometry have been used to
gain insight into the extraction mechanism.
The effect of various parameters viz. (i) the
metal ion, (ii) the chelating extractant. (iii) the
neutral extractant, (iv) the diluent and (v) the

550 6 0 0 650

WAVE LENGTH, ,

Fig. 1. Absorption spectra of UIW-TTA- TOPO

Synergistic Extraction of

Actinides

aqueous medium has been investigated. In
the extraction of tetravalent actinides by a
combination of a chelating ext ractant (HTTA)
and a neutral organophosphorous extractant,
the synergism observed is primarily due to the
formation of mono adduct of metal chelate
with the neutral donor. The typical absorption
spectral changes accompanying the adduct
formation are shown in Fig. 1 which suggest
that the coordination number of the tetrava-
lent actinide changes from 8 in the chelales to
9 in the adduct. The equilibrium constant
data obtained for different tetravalent actinide
ions under comparable conditions enabled to
deduce some empirical correlations such as
the one shown in Fig. 2 which may be useful
in estimating the relevant equilibrium constant.
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Advances in basic research as well as tech-
nological developments have made stringent
demands on the characterisation of materials.
Innovations in analytical methods to quantify
vanishingly low amounts of elements (impuri-
ties ) have contributed to a better understan-
ding of the properties / behaviour of pure
materials and the role/effect of impurities
even at extremely low levels of concentration.
A major limitation in characterising ultrapure
materials is not just the sensitivity of the
analytical method to detect and quantify the
impurity, but is the ability to maintain the
integrity of the sample with respect to freedom
from contamination from the environment
and the analytical measurement process. The
developments in providing controlled clean
environment at work surfaces and highly puri-
fied reagents for chemical operations have
made possible reliable measurements at ppb
and lower levels of concentrations.

Ultratrace Analysis Facility for

Characterisation of Pure

Materials

A clean laboratory module has been set up
to establish the levels of cleanliness (especi-
ally with respect to metallic content) attain-
able using indigenous technology. Figure
shows a view of the laboratory. The cleanli-
ness is monitored through measurement of
paniculate concentration in air and analysis

Fig. 2

of air filter samples collected from different
locations in the facility and the analysis of
water, purified and used in the laboratory. The
cleanliness with respect to paniculate levels
improves from class 10.000 (i.e. 10.000 parti-
cles of ^ 0.5 //m dia per cu. ft.) to as good as
class 30-100 at the critical work surfaces: in
contrast, this paniculate density in a normal
laboratory will be several millions per cubic-
foot. The concentrations of-some of the ele-
ments in the water used in the laboratory have
been consiste.it at the following levels :

Element Cd Cu Fe Pb Zn

10 60 10 100

Concentra-
tion
(nanogram/
litre)
which is a more important measure of cleanli-
ness.

Compositional characterisation of gallium,
an element with a large potential in high
technology area, has been taken up. A muliile-
chnique approach has been adopted to provide
cross validation which is crucial in ultratrace
analysis. Direct measurement and matrix
removal or preconcentration of impurities using
different separative procedures proceeding
measurement have been investigated. The
techniques used for measurement are ICP-AES.
Furnace AAS. anodic stripping voltammetry
and neutron activation. Optimisation through
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simplex or steepest ascent methods is applied
for instrumental parameters. The important
end-use related impurities, with respect to
which the purity is generally specified, are
measured by at least two independent techni-
ques following two different separative appro-
aches to provide reliable val' •••? at ppb and
lower levels.

Of the three categories of blanks, laboratory
blank, reagent blank and analytical process
blank, the latter two require further efforts to
be brought down; with the present level of
reagent and process blaaks, gallium approa-
ching 6 N (99.9999%) purity (with respect to

Ag, Au, Bi. Cd, Co, Cr, Cu, F<> In, Ni, Pb, Pd, Sb.
Zn) can be characterised.

Silicon which lends itself well to characte-
risation by neutron activation analysis for
almost all important impurities except B, C, O
has been characterised for the following ele-
ments at concentration levels shown, which
are near the current limits of quantification.

Sb

0.1

Element
Concentra-
tion (nano-
gram
per gram)

As

0.1

Au

0.04

Co

0.1

Cr

10

Cu

0.3

Fe

100

P

0,01



Fig. 1. Calcium distillation unit

Fig. 2. Induction furnace units for the production of
tantalum through nitride route.

Extraction Process

Developments for Calcium,

Tantalum and Boron

A process for the production of high purity
calcium from lime has been developed. This
process essentially consists of two steps : (i)
aluminothermic reduction of lime under vac-
uum, and (ii) purification of the as-reduced
calcium under high vacuum. It has been pos-
sible to produce, in upto 1 kg batches, purified

Fig. 3. Production of elemental boron by fused salt
electrolysis.

calcium suitable for use as reductant in ura-
nium and other nuclear metals production.

Tantalum is, at present, produced by sodium
reduction of potassium tantalum fluoride. A
newly developed alternative process compri-
ses of carbothermic reduction of tantalum
oxide at 1500-1600° C in nitrogen atmos-
phere to form tantalum nitride and decom-
position of the nitride at about 2100-C under
high vacuum, to yield sponge metal. The sponge
is then electron-beam melted. The overall yield of
tantalum in the process has been found to
exceed 96% which is the best of all the known
tantalum production processes. The product
purity very well meets the specifications laid
down for capacitor applications. The process
has been carried out yielding upto 1.5 kg of
tantalum sponge per batch.

Elemental boron finds specialised uses in
defence, electronics and the nuclear indus-
tries. Most of the demands of boron for use in
these fields in the country are currently being
met through imports. Two processes, one in-
volving molten salt electrowinning t.nploying
KC1-KFKBF4 bath, and the other involving
molten salt electroreflning of boron carbide in
a NaCl-KCl-KBF4 electrolyte, have been suc-
cessfully investigated for the preparation of
0.75 kg of elemental b'oron, per campaign of
5900 AH. Experimental supplies of the powder
are being made to meet some of the defence
requirements.
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Fig. 1. Tin smelting furnace

Indian cassiterite contains substantial as-
sociation of niobium and tantalum, and is
therefore not amenable to direct reduction
smelting as practiced elsewhere in the world.
Alternate processing routes to recover tin and

Tin Extraction from Indian

Cassiterite

Fig. 2. Tin metal ingots

mixed niobium-tantalum oxide were developed
at BARC adopting a combination of pyro- and
hydro- metallurgical steps. Subsequently, a 2
tonne/annum Tin Demonstration Plant was
set up jointly by BARC and M.P. State Mining
Corporation to assess the techno-economic
viability of the processing schemes. Success-
ful operation of the Demonstration Plant and
a fresh assessment of the ore reserves has led
M.P. Government to take a decision to set up
larger 100 tonne/year Tin Extraction Plant in
the Bastar district of Madhya Pradesh. A Me-
morandum of Understanding has recently been
signed between the Government of Madhya
Pradesh and BARC for setting up of the com-
mercial Tin Extraction Plant. The technical
expertise for setting up of the plant would be
provided by BARC; the finance and other infra-
structural facilities for the proposed plant
would be provided by the Govt. of Madhya
Pradesh.
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Production of "Grogs" from

Beach Sand Sillimanite

The refractoriness and high Al2O3-content
(better than 60% by weight) of sillimanite
explain its uses in the fields of refractories for
glass melting, steel making, coke-ovens and
others. However, the fine particle s.ze (about
90% of 150 microns) of heneficiated beach-sand
sillimanite produced by the Indian Rare Earths
Ltd., precludes its use by the local refractory
industries which could use only coarse sized
(0 to 5 mm), sintered non-shrinking granules
of "grogs". A process flowsheet for the produc-
tion of sintered sillimanite lumps (25 mm dia
x 20-25 mm height) was developed. The
various steps in the flowsheet were optimized
on the basis of detailed experimental investi-
gations which included granulometry of batch
materials for high "green" (as-pressed) density
and low compaction ratio; sintering of coarse
(-100+ 150 mesh B.S.) and of fine (-400
mesh B.S.) particles of sillimanite; and effects
of impurity additions on densiflcation beha-
viour during heat treatments. The tempera-
ture for grog fcrirlng was ascertained from
the study of the thermal transformation of
sillimanite into mullite (3A12O3. 2SiO2). This
phenomenon was thoroughly investigated by
the techniques of infra-red spectroscopy, py-
cnometry and petrography. A special program-
me was devised to estimate quantitatively by
IR-spectroscopy the fraction of sillimanite
transformed at any intermediate state of trans-
formation. The sintered lumps, thus formed,
were evaluated by densification. porosimetry
and microstructural analysis.
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el NL,,, amorphous alloys
as obtained by AES for indicated anneal
conditions.

A knowledge of atomic diffusion rates in
amorphous alloys is necessary to understand
and estimate the kinetics of structural relax-
ation and crystallization of these alloys, to
assess their thermal stability and their potent-
ial for practical applications and to delineate
the mechanisms of atomic transport in amor-
phous structures. Experimental determine
atlon of diffusion parameters in these alloys Is
difficult because of a number of reasons. The
onset of crystallization severely restricts the
permissible upper limits of temperatures and
time periods that can be used for diffusion
annealing. Consequently the diffusion lengths
are very small, typically as small as a few tens
of nanometers, and can be measured only by
techniques which are capable of providing
extremely fine depth resolution (less than
2 0 - 2 5 nm). Some of the techniques that have
been found very useful in this regard are
Auger electron spectroscopy (AES), secondary
ion mass spectrometry (SIMS) and Rutherford
backscattering spectrometry (RBS). Possibly
because of the inherent difficulties of mea-
surement, the available data on diffusion in
metallic glasses is by no means extensive.

Diffusion in Amorphous Alloys

A comprehensive research programme
aiming at the examination of diffusion kine-
tics in amorphous alloys has been initiated in
BARC. A systematic study on the diffusion of a
variety of diffusant species in binary metal-
metal (M-M) as well as metal- metalloid (M-Me)
amorphous alloys has been undertaken. Many

fO -2

B
a

Zr6l Ni39

Fig. 2.

OI4 Qi6 0718
Atomic radius (nm)

The dependence of diffusion coefficient on the
atomic radius of the diffusing species In ZrM Wt,,
and Fee3 Ble amorphous alloys.

of these alloys have been produced in-house,
by making use of the versatile melt spinning
facility installed at Trombay. In general, the
diffusion rates (D) of light elements have been
measured by AES in conjunction with argon
ion sputtering, and those of heavy elements by
RBS. However, in some cases, the diffusion of
a species has been examined by both these
techniques with a view to checking whether
the results obtained by the two are mutually
consistent. This has been- a special feature of
this research programme and it has been
possible to demonstrate that the two different
techniques do yield very similar results.

The experimental procedure in this pro-
gramme has consisted essentially of deposit-
ing, in vacuum, a thin film of the diffusing
species on the amorphous alloy substrate.
The diffusion rates have then been deter-
mined from an analysis of the concentration
profiles of the diffusant species, obtained by
AES or/and RBS, before and after appropriate
diffusion annealing treatments, by using the
relevant solutions of the diffusion equation.
The effects of structural relaxation and of
crystallization on diffuslvtty have also been
studied.

These experiments, besides generating a
large volume of reliable diffusion kinetics
data, have pointed to the following facts;

-Diffusion rates in amorphous alloy speci-
mens are comparable to those in pre-
crystallized specimens, under similar
conditions.
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-Diffusion in M-M amorphous alloys is faster
than that In M-Me alloys at any given fraction
of the crystallization temperature.

-The metalloid content in M-Me alloys exerts
a strong influence on the diffusion kinetics.

-As revealed by the direct-profiling techni-
ques with limited depth resolution used
here, structural relaxation does not appear
to affect the D values significantly.

-Some interesting semi-empirical correl-
ations can be obtained, suggesting that the D
value in an M-M alloy depends on the size of
the diffusing atom and that the activation

energy (Q) for diffusion is proportional to the
energy required to produce a hole of the size
of the diffusing atom in the host amorphous
alloy - a quantity that can be estimated on
the basis of thermodynamics. The correl-
ation between the frequency factor (DD) and
the activation energy suggests that there
possibly exist two distinct mechanisms of
diffusion in amorphous alloys-an interstit-
ial mechanism for the diffusion of hydrogen
and a co-operative process, involving collec-
tive movements of groups of atoms, for the
diffusion of all other elemental species.
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Fig. 1. Diffusion bonded ztrcaloy-2 Ti-Fe-SS assembly

Fig. 2. Optical micrograph showing microstructures of
diffusion zones.

FTig. 3. Concentration distribution of elements across
the sample by Electron Probe Micro-Analyser

The use of materials of differing character-
istics, in contact with each other, is a major
demand of modern technology. These
materials react with each other at service
conditions of high temperature and pressure
by the diffusion oi the components. But the
diffusion reaction often results in the form-

Diffusion Bonding of

Zircaloy- 2 with Stainless Steel

ation of layers of brittle intermetallic com-
pounds In the diffusion zone and thus impairs
mechanical properties of the assembly. The
problem can be circumvented by employing
suitable diffusion barriers between the two
materials to be joined. A similar problem is
encountered in nuclear technology where

zircaloy-2 and stainless steel are used in con-
tact with each other. The diffusion reaction
between the two results in the formation of
layers of intermetallic compounds like Zr2Fe
In the diffusion zone. Moreover, nickel from
steel diffuses deeper into zircaloy-2. The in-
creased nickel content in zircaloy-2 may re-
sult in enhanced hydrogen absorption and
may bring down the corrosion resistance of
the alloy. Work carried out in BARC has now
established that such a situation can be
avoided by diffusion bonding zircaloy-2 with
stainless steel with pure titanium and pure
iron as diffusion barriers. For this purpose,
'sandwich' type diffusion couples consisting
of zircaloy-2 titanium iron-stainless steel have
been made by keeping these specimens in
contact with each other in a specially designed
die under pressure and then heating the as-
sembly to 1200K in a vacuum better than
10~s torr. For characterization of the diffu-
sion zone, optical metallography and electron
probe microanalysis (EPMA) have been
employed.

Various microstructures developed across
the diffusion couple have been observed and
the absence of intermetallic compound form-
ation in the diffusion zone has been verified.
The formation of intermetallic compound is
reflected by the appearance of a 'step' of
constant concentration while monitoring the
concentration variation of the components
across the width of the diffusion zone with the
help of EPMA. The absence of any intermetal-
lic compound on the diffusion zones has been
confirmed while observing concentration vari-
ation of the components. It has also been
observed that nickel does not diffuse beyond
the iron layer.

Layer growth kinetics has been established
in order to estimate the width of the diffusion
zones developed at a given temperature and
time. Typically for a service temperature of
575 K and service life of 30 years the thick-
nesses of iron and titanium required are of the
order of 1 micron and 5 micron respectively.



Fig. 1. Static universal testing machine for precision
strain-rate controlled test.

Fig. 2. Dynamic universal testing machine JOTfatigue
andjracture mechanic tests.

Fracture and Fatigue Research

Fracture mechanics Is the mechanics of
cracked bodies. The stress sustaining capac-
ity of a material in the presence of a sharp
crack assumes Importance when the material
Is either of high strength or of low ductility.
Assessment of fracture toughness of struc-
tural materials in nuclear industry is of para-

Fig. 3. Typical specimens for fracture toughness mea-
surement.

mount importance because of the fact that
structural components subjected to irradi-
ation become embrittled during their service
life. Sharp cracks of critical sizes are often
created as a result of fluctuating stresses,
thermal or mechanical, before the material is
embrittled by irradiation.

Fatigue-Fracture Laboratory of Physical
Metallurgy Division has been engaged in the
study of fracture and fatigue behaviour of
structural materials like 3.5% Ni steel (used in
the end shields of RAPS and MAPP-I reactors),
403-SS-martensitic stainless steel (used for
end fittings of pressure tubes), Zr-2.5% Nb
coolant tubes, Inconel-625 (used in heavy
water plants) and ultra-high strength steels.

Some of the recent findings of the research
effort In this area include :

i) generation of a relationship between crack
growth rate and stress-intensity range for
3.5% Ni-steel,

ii) design of a new type of test specimen for
Zr-Nb coolant tubes for measuring the
properties in the most vulnerable orient-
ation, and

lii) enhancement of the rate of the growth of a
crack by an order of magnitude and an
accompanying decrease in the toughness
value in 403 steel due to introduction of
hydrogen.
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Fig. 1. MtcrostructuTe ofthe hot extruded Zr-2-5Nb alloy
showing equiaxed alpha grains separated by
beta stringers.

Zr-2.5 Nb alloy with its superior properties
over zircaloy-2. like higher strength, better in-
reactor creep resistance and lower suscepti-
bility to delayed hydrogen cracking, is the
material currently in use for pressure tubes in
Pressurized Heavy Water Reactors. Nuclear
Fuel Complex (NFC), Hyderabad, has adopted
a new fabrication route for the production of
Zr-2.5 Nb pressure tubes. In order to examine
whether this fabrication process imparts the
right combination of material properties like

Optimization of Fabrication

Parameters of Zr-2.5 Nb Pres-

sure Tubes

mechanical strength and ductility at both
room and service temperatures, suitable tex-
tures and the specified in-pile and out-of-pile
creep properties, a systematic study on the
development of microstructure and texture in
Zr-2.5 Nb during the different steps of fabric-
ation has been carried out in Physical Metal-

Fig. 2. Elongated alpha + beta microstructure of the
pllgered and subsequently annealed Zr-2-5 Nb
alloy

lurgy Division. With the help of suitable simu-
lated fabrication processing in the laboratory,
the process parameters have been optimized.
Several fabrication trials of full size Zr- 2.5 Nb
pressure tubes have been performed at NFC
using the suggested process parameters and
encouraging results have been obtained.

A brief account of this work is as follows :

The major steps of fabrication which are
responsible for controlling the microstructure
and texture of Zr-2.5 Nb pressure tubes are
hot extrusion, pilgering and annealing. The
micro-structure developed during the hot
extrusion operation in the two phase (a + fi)
field consists of elongated stringers of the a
phase separated by thin /} -phase lamellae
which are enriched in niobium (15-20 %).
This elongated two phase structure is to be
retained in the final product to achieve the
specified mechanical properties. The first cold
pilgering step introduces about 40-55% cold
work. The subsequent annealing treatment is
so devised that the cold woFk introduced in
first pilgering is completely annihilated with-
out altering the original elongated oc + 0 struc-
ture. The control ofthe extent of cold work and
of the dislocation density of the material is
important to keep the in-reactor creep and
growth of the material within acceptable
limits. The optimum conditions of annealing
have been identified from microstructural
examination and evaluation of mechanical
properties of samples taken from different
stages of fabrications. Production of full size
Zr-2.5 Nb pressure tubes for both 235 MW and
500 MW reactors, using the fabrication para-
meters suggested, has yielded material with
acceptable out-of-pile mechanical properties.
The development of texture during different
steps of fabrication and the hydrtding
behaviour ofthe prototype pressure tubes are
also being investigated in detail.
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Homogeneously and heterogeneously nucleated pre-
cipitates of the y phase In Inconel 625

The nickel base superalloy Inconel 625 is
used extensively as a structural material in
high temperature, corrosive environments. In
view of its use in many of the heavy water
plants in India, a detailed investigation has
been undertaken to examine its in-service
microstructural stability.

Inconel 625 is a nickel base superalloy
which has been widely used since the sixties.
This austenitic alloy is reported to have good
strength and toughness over a broad tempera-

In-service Microstructural

Stability of Inconel 625

ture range, besides being highly resistant to
oxidation and corrosion. It has found use in
the Indian atomic energy programme as the
ammonia cracker tube material in heavy
water plants based on the ammonia exchange
process. During service, such tubes see tem-
peratures In the range 500-700° C and gas
pressures of about 150 bars.

When Inconel 625 was first introduced it
was not considered to be precipitation harden-
able. This idea influenced all designs involv-
ing its use. But it was realised later that
precipitation of several phases occurs in the
alloy in certain temperature ranges, rendering
its microstructure unstable under some ser-
vice conditions. In-service microstructural
changes could lead to significant property
changes and hence to considerable deviations
from the expected behaviour. The results of
the present study on precipitation reactions
in this alloy have, besides confirming many of
the earlier findings, yielded a comprehensive
delineation of the microstructural response of
the alloy to exposure to high temperatures.

Two intermetallic phases precipitate in In-
conel 625, depending on the temperature and
the duration of exposure : the metastable f-"
phase and the equilibrium <5 phase. Both are
based on the composition Ni_Nb. Coherent,
ellipsoidal >'" particles form in the tempera-
ture range 600- 850° C. Their distribution is
homogeneous below about 700° C but
becomes increasingly localised with increas-
ing temperature, dislocations and twin bound-
aries being the preferred nucleation sites. The
<5 phase forms between 700° C and 1000°C.
Precipitates of this phase are plate shaped and
often nucleate at grain boundaries. Apart
from these two phases, two grain boundary
carbide phases, or>e molybdenum rich and the
other chromium rich, also form. Precipitates
of the former evolve more rapidly and have t
wider temperature regime of formation (600-
1000°C). The appearance of near-contiguous
carbide particles at grain boundaries coin-
cides with a change in the alloy fracture mode.
Above about 1000°C, all precipitate phases
dissolve. Inconel 625 is normally used in this
"solution annealed" condition. The results
mentioned above imply that the essentially
single phase austenite structure obtained by
solution annealing can remain stable during
service only if the service temperature does
not exceed about 600° C. Exposure to higher
temperatures can cause drastic changes in
the microstructure and, consequently, in the
alloy properties.
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Fig. 1. Mlcrostructure of Internally twinned martenstte
In the Ni-Ti shape memory alloy.

The Shape Memory Effect (SME) is demon-
strated when a deformed specimen recovers
its original shape upon heating. The alloys
that demonstrate this effect are collectively
known as the Shape Memory Alloys (SMA).
This effect is due to the thermoelastic, reve-
rsible nature of the martensitic transform-
ation. The transformation temperatures are a
strong function of the composition and pro-
cessing parameters. Upto 10% strain deform-
ation given in the martensitic condition can
be recovered by a thermal cycle to above the
reverse transformation temperature. When the
same alloys are deformed at higher temper-
atures, the high temperature phase undergoes
a stress induced martensitic transformation.
On unloading, the martensite reverts back to
the parent phase resulting in a complete re-
covery of strain upto a maximum value of
10%. In this manner, a rubber like deform-
ation behaviour of large, non-linear, recover-
able elastic deformation is exhibited bv these

Shape Memory Alloys

alloys. This property is called pseudo-
elasticity.

There are two major groups of commercially
important shape .memory alloys, viz. the NiTi
type and the Cu-Zn-Al type. These two alloy
types are vastly different in terms of fatigue
life, corrosion resistance, cost, fabricability

etc. and therefore the problems associated
with the manufacture and the areas of applic-
ation also differ significantly. From the view-
point of applications in the nuclear industry
or other critical areas, NiTi type SMA is prefer-
red, in spite of Its high cost, for its superior
corrosion resistance, fabricability and mech-
anical properties in the bulk.

The following applications, on which work
is planned, demonstrate the diversity in the
application of SMA. Hydraulic pipe couplings
and fasteners are the major/bulk applications
of the NiTi type SMA. In the case of mechani-
cally crimped pipe couplers, one coupling app-
lies essentially zero stress on the pipe and the
sealing is purely due to mechanical bonding.
The NiTi SMA couplers, due to the constrained
transformation apply, upto 70,000 psi pres-
sure on the hydraulic point and thus are more
reliable. It is particularly preferred when
welding cannot be carried out, the tube dens-
ity does not permit high profile tools or the
operation of fixing has to be carried out
remotely.

.wsr~-^A«
Fig. 2. Internal twins and faults In the Cu-Zn-Al shape

memory alloy

The orthodontic brace wire and the pseudo-
elastic spinning wire utilize the pseudoelastic
property of the SMA. The NiTi alloys are bio-
compatible and already a large number of
body implant applications of SMA have been
accepted in medical practice.

Heat engines and thermal activators con-
vert heat into mechanical energy. The useful
feature Is that temperature gradients as small
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as 10°C can be used to generate sufficient
motive force for performing useful work. A
rotary shape memory heat engine constructed
here, works between a temperature gradient
of 30° C and generates upto 70 r.p.m. Other
applications include remotely operated plugs
for the secondary side steam generator tubes
or as fractile members for robots.

The motive force that performs work and is
utilized in the afore mentioned applications,
is called the reversion stress. This stress de-
velops as a result of constraining the reverse
transformation or shape recovery. In an ex-
periment on the reversion stresses carried out
here, the dependence of this stress on the pre-

strain and temperature has been determined.
It is seen that the reversion stress is given by
an expression relating the transformation
stress to the temperature. With this it
becomes possible to predict the reversion
stress, given the composition or transform-
ation temperatures and vice versa.

The other studies that are being carried out
include the characterization of the premarten-
sitic and martensitic transformation by trans-
mission electron microscopy, differential
scanning calorimetry etc. Simultaneously
some work regarding melting and fabrication
of these alloys on an enhanced scale is also
being carried out.
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Ceramics as a class are brittle and hard
materials, and extremely difficult to machine.
However, their superior insulating properties
make them admirably suitable for certain
high vacuum applications. These special shapes
need to be machined. It has been possible to
develop suitable compositions based on stea-

Special Ceramics Materials

Development

tite (MgSiO3) and pyrophyllite (Al2SiO4) which
could be easily machined to required shapes
and tolerances. The machined shapes have
been heat treated under suitable conditions to
impart necessary strengths and other cha-
racteristics (break-down strength of L5kV7cm
and degassing rate of 1 x 1(T8 torr lit./sec.cm2).

Another important development work has
been in the field of electrically conducting
ceramics. Processes involving (i) cold pres-
sing and sintering under controlled atmos-
pheres, and (ii) hot pressing, have been deve-
loped to prcuuce electrically conducting tita-
nium ceramics which are oxygen deficient.
The hot pressed samples had the resistivity of
about 5 x 10" 2 ohm cm. These conducting
ceramic materials have good potential for appli-
cations in high temperature and aggressive
chemical environments where commonly used
graphite and metallic electrodes fail.
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Metal beryllium, owing to its lightness
coupled with high modulus of rigidity and
dimensional stability, is a strategic material
indispensable for many space applications,
particularly for use in the navigational guida-
nce systems of space vehicles. Besides, owing
to their high fatigue and tensile strength,
copper-beryllium alloys find application in the
electronic and electrical industries as springs,
diaphragms, electrical contacts etc. in high
reliability components.

Fig. 1. A view of the beryllium machine shop at BARC-
Vasht Complex, New Bombay JOT precision ma-
chining of intertlal guidance components.

Considering the fairly large resources of
the mineral,beryl,available in the country, and
the requirement of beryllium metal and copper-
beryllium alloys for the country's space pro-

Beryllium Pilot Plant &

Development of Beryllium

Technology

grammes and electronic and electrical indu-
stries, a research and development programme
was initiated in BARC on beryllium metallurgy.
A flow sheet was developed for the productlor
of beryllium components starting from Indian
beryl.

Based on the flow sheet developed, a pilot

Pig. 2. A view of centralised suction systemjor captur-
ing beryllium dust during machining

plant to handle about 2 kgs. equivalent of
beryllium per batch was set up at Turbhe, New
Bombay, to produce vacuum hot pressed
(VHP) beryllium metal and copper beryllium
alloy ingots. By operating the pilot plant and
incorporating various modifications from
time to time for improvement on processes
and safety, the" technology for the production
of VHP-beryllium and copper beryllium alloys
was successfully demonstrated. The VHP
beryllium produced in the plant is being supp-
lied mainly to the Department of Space for use
in space applications and, to a limited extent,
to the Department of Atomic Energy for nuclear
applications. The copper beryllium alloy pro-
duced in the plant is also being successfully
used for many applications by various agencies.

The major achievement of the pilot plant
has been the fulfilment of the chief objective of
development and demonstration of beryllium
technology. It may be mentioned that United
States of America is the only known country
in the world presently producing beryllium
and beryllium products on a commercial scale
starting from the raw mineral.

Achievement of selfreliance on beryllium
production is of special significance In the
sense that the import of beryllium metal into
the country now not being possible, produ-
ction in the pilot plant has been the only
solution to meet urgent requirement of bery-
llium for the space programmes.

The pilot plant operations has also pro-
vided useful data required for the design of a
large size production plant in the country.
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Upgrading plant Jor HWP (Thai)

Upgrading Plant for HWP

(Thai) Goes on Stream

HWP (Thai) based on Ammonia-Hydrogen
exchange process has been provided with an
"Upgrading Plant" for processing lower grade
heavy water. This upgrading plant having a 50
m high distillation tower with accessories has
been designed and engineered by BARC. It
employs highly efficient tower internals deve
loped and fabricated at BARC. The plant has
been designed to process any feed concen-
tration above 3% to produce reactor grade
(about 99.5%) heavy water. A clean-up unit
also has been incorporated in this plant to
purify the off-grade heavy water from impuri-
ties like nitric add, ammonia etc. before
feeding it to the upgrading plant. Commis-
sioning of the plant was undertaken with 9%
to 17% feed heavy water produced in the
exchange unit of HWP (Thai). Reactor grade
heavy water was produced for meeting the
intented design capacity. This is the fourth
upgrading plant successfully commissioned
at BARC.
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Enzyme immunoassay (EIA) is one of the
non-isotopic methods where an enzyme is
linked to an analyte or antibody instead of a
radioactive isotope. The technique of EIA is
conceptually analogous io RIA and the results
are almost in the same range of sensitivity.
The advantage of EIA over RIA is that it can be
carried out in any biochemical or clinical
laboratory. Also the enzyme labelled analyte is
stable for a longer period. Because of these
qualities EIA is becoming a promising tech-
nique in the field of rapid diagnosis.

Enzyme Immunoassay (EIA)

BARC has taken up the development of EIA
for human placental lactogen (HPL) and Trii-
odothyronine (T3). HPL is a placental hormone
and its measurement will be useful in the
diagnosfs of complications in pregnancy. T3 is
a thyroid hormone and its estimation is essen-
tial for the thyroid function evaluation. Both

the hormones have been labelled, with enzyme
horse-radish peroxidase using bifunctional re-
agents such as glutraldehyde, carbodiimide
etc. The conjugates have been purified by gel
filtration without affecting the immuno-reacti-
vity and enzyme activity. An assay procedure
based on solid-phase separation system
where the antibody has been coated on uni-
form polystyrene bead has been developed.

. The enzyme activity associated with the polys-
tyrene bead at the end of the assay is estimated
by incubating the beads with the substrate
orthophenylenediamine (OPD) in presence of
H2O2 and measuring the optical density (OD)
of the product formed. The enzyme activity is
inversely related to the analyte concentration
originally present in the sample. The pro-
cedure gives sufficient sensitivity and pre-
cision for the measurement in the diagnostic
range of T3 and HPL. For T3 the sensitivity
obtained is 0.5 ng/ml and for HPL it is 0.7
jwg/mlThe enzyme labelled T3 and HPL have
been found to retain the enzyme activity and
immuno-reactivity for nearly 6 months. The
EIA kits developed are helpful for clinical
laboratories not having RIA facility.
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Technetium-99m has been the work-horse
of nuclear medicine for radionuclide scinti-
graphy studies. This versatile isotope is
usually made available to user hospitals in the
form of generators. At present, BARC has been
supplying generator-kits for the preparation of
Tc-99m for medical use based on solvent
extraction technique employing indigenously
produced Mo-99 to all the nuclear medicine
centres in India. A need has been felt to

A Novel "Mo-99mTc Generator

provide column-type of generators convenient
to operate and eliminate the use of organic
solvent. Studies were therefore carried out to
investigate the possibilities to develop new Tc-
99m generator systems using direct irra-
diation of preformed metallic molybdates in

gel-like form containing ~ 30% molybdenum.
Irradiations of titanium molybdate gels at
both the CIRUS and DHRUVA reactors have
yielded encouraging results.

The irradiation facility at DHRUVA, owing
to its heavy water cooled facility, offers a
distinct advantage as the sample temperature
during irradiation does not exceed 100°C,
thereby ensuring the stability and integrity of
the target.

Generators containing upto 12 GBq Mo-99
have been prepared and their performance
has been evaluated. This has reflected that
adequate amount of Tc-99m of acceptable
radiochemicai and radionuclldlc purity can be
obtained from this new generator system. It
offers a possible promising alternative to the
conventional solvent extraction generators
especially for use in developing countries not
having high flux neutron Irradiation facilities.
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The ability to quantitate circulating levels
of TSH is important in the evaluation of thy-
roid function. Radioimmunoassays (RIAs) have
contributed significantly towards the understan-
ding of the thyroid function and towards the
detection and treatment of thyroid disorders.
The use of TSH RIAs has, however, been
greatly limited by the insufficient sensitivity
and specificity of conventional RIA methods.
The availability of monoclonal antibodies and
development of immuno-radiometric assays
(IRMAs) has led to a marked improvement in
the sensitivity as well as specificity of TSH
estimations. In an IRMA, TSH is reacted with
two antibodies, each directed against a diffe-

Immuno Radiometric Assay of

TSH

rent epitope on the TSH molecule. One is a
highly specific monoclonal antibody labelled
with 1-125. The other antibody, which may be
of monoclonal or polyclonal origin, is linked to
a solid support like cellulose and employed as
the solid phase antibody primarily as an
extractant for the radioactive complex formed

between TSH and the 1-125 labelled tracer.
The radioactivity associated with the solid
phase is directly related to the quantity of TSH
originally present. Under optimized conditions,
such assays are extremely sensitive and
precise.

An immuno radiometric assay for TSH has
been developed at BARC. Polyclonal antibody
raised in the laboratory has been used for
preparing the cellulose based solid phase. The
antibody was coupled to cellulose using
carboxyl-diimidazole for activation. 1-125
labelled monoclonal antibody of high specific
activity has been used as the tracer. The assay
has been optimized for the low concentration
range, the sensitivity and range being 0.06

and 0.2- 100/iu/ml respectively.

Thyroid disorders particularly hypothyroi-
dism and neonatal hypothyroidism are pre-
valent in many parts of India, especially in the
North-East region and Himalayan region. TSH
assay is essential in the confirmation of
hypothyroidism and useful in the follow-up
cases of hypothyroidism. The assay of TSH
described above hence provides a very useful
tool in the study of thyroid disorders. The
estimation of TSH will be done on routine
basis at Regional Centre for Radiopharma-
ceuticals at Dibrugarh, Assam for the benefit
of people of North-East region of this country.
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Neonatal hypothyroidism has been reco-
gnised as one of the major causes of mental
retardation. In this case the thyroxine (T4)
hormone concentration is found to be low
and caVi be diagnosed by thyroxine assay.

3 100 120 140 160
THYROXINE Ing/cm')

Availability of R1A of T3, T4 & TSH hormones
has considerably improved the diagnosis and
management of thyroid disorders. However,
the main difficulties in screening neonatal

Development of Neonatal

Thyroxine (T4) RIA for Dried

Blood Samples on Filter Paper

hypothyroidism by RIA has been in obtaining
a sensitive assay and adequate quantity of
serum samples from the new borns. This
problem is considerably reduced by the deve-
lopment of RIA procedures for blood samples
absorbed on filter paper. It involves the pre-
paration of standard thyroxine solution in

blood and absorption on to filter papers, labelled
thyroxine and thyroxine antiserum. The blood
samples from neonates were collected by prick-
ing the heel using a hypodermic syringe. The
filter paper is pressed against the wound till
1 cm diameter of blood sample is collected.

For RIA, 6 mm disc of standard/sample is
punched out and used. The tracer, antibody
concentration and the incubation time have
been optimized to obtain a sensitive and
precise assay. The assay thus developed is
sensitive and is simple enough for handling
large number of samples for mass screening of
congenital hypothyroidism, which is currently
being utilized in a hospital in Bombay.
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Labelled Biamotecules Laboratory. Hyderabad.

Considering the importance of labelled bio-
molecules, a laboratory for the development
and production of Phosphorus-32 labelled bio-
molecules has been set up at Hyderabad by
BARC in cooperation with the Centre for
Cellular and Molecular Biology. The labora-
tory was* named as 'JONAKI' which is the
Bengali word for a fire fly. The fire fly uses
adenosine triphosphate (ATP) as a source of
energy which it converts into light. The Label-
led Biomoleeules Laboratory will be synthesis-
ing Phosphorus-32 labelled as well as
Sulphur-35 labelled ATP and other related
compounds and hence the name JONAKI.

JONAKI-Labelled Biomolecules

Laboratory. Hyderabad.

Adenosine 5' (y-32P) triphosphate 15'
(;- 32P )ATP ] is synthesised by phosphoryl-
ation of adenosine diphosphate with P - 3 2
labelled phosphoric acid in presence of the
enzymes of the glycolytic pathway. The pro-
duct is purified by passing through DEAE
Sephadex 25 followed by elution with triethy-
lammonium bicarbonate buffers.

Deoxy cytidine-5' (x- 3 2P) triphosphate
| 5 ' U -32P)dCTP]is prepared through phos-
phorylation of deoxy cytidine-3r -monophosp-
hate with 5' (y-32P) ATP to give 3', (5'-32P)
deoxycytidine diphosphate. This is selectively
cleaved with a nuclease to give (5'-32P) deoxy-
cytidine monophosphate. After the removal of
unreacted 5' (y-32P) ATP through the
hexokinase-glucose reaction the product is
enzymatically converted to 5' (x-32P) dCTP.
The product is purified in two steps using
phenyl boronate gel and ion exchange
columns.

The two products are subjected to rigorous
quality control steps which include chroma-
tography methods to establish radiochemical
purity and biological assays to confirm the
position of labelling. These two products with
a specific activity greater than 3000 Ci/mmole
and radiochemical purity greater than 95%,
are supplied in siliconised polypropylene vials
at 1 mCi/ml in 50% ethanol and at 10 mCi/ml
in aqueous solution containing 2-mercap-
toetHanol (5 mMI.

With the commissioning of the new labora-
tory at Hyderabad, the range of labelled bio-
molecules that can be supplied to meet the
requirements of the user institutions in India
will be extended. Progressively a near total
self-sufficiency will be achieved with regard to
indigenous availability of the labelled
biomolecules.
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0.1.

In X-ray radiography, the size of the X-ray
source or the focal spot decides the quality of
the picture obtained. Conventional X-ray
generating units with focal spot ranging from
0.4 to 3.2 mm have their own limitation when
it comes to detect fine details or when the
geometry is unfavourable. The blur in the
image increases with Increase in focal spot
size as well as with decrease in the distance of
the object from the focal spot. Large source
size also prohibits the direct magnification of
the image by moving away the image plane as
it would degrade the picture.

A fine focussed X-ray source can overcome
these shortcomings, if the focal spot size can
be reduced by two orders. This is achieved by
converging the electrons onto the target by

High Resolution Radiography

using a focussing coil. An X-ray unit of this
kind is now available with BARC. It incor-
porates an electronic system to carry out and
monitor the focussing manoeuvres thereby
leaving it in the control of operator to acquire
a very fine focus size of the order of 10-20
microns. It is now possible to radiograph the

Fig. 2. Integrated electronic circuit chip. Direct Image
magnification 10 X.

fine welds of DHRUVA fuel (1 mm) and BWR
control blade elements (0.4 mm) in the magni-
fied, scatterfree mode. This gives better sensi-
tivity and ease of interpretation, particularly if
dimensional measurement of any fine inter-
nal detail is required. The microelectronic
components like ICs and diodes can be inspec-
ted before and after accelerated testing for
reliability evaluation.

X-ray source being small, one can also
reduce the distance between the object and
the source, without sacrificing the image sharp-
ness. This is achieved by attaching a long
rod-shaped anode with a target fitted at one



Fig. 3. Radiograph of Dhruva fuel element. Direct Image magnification 4X. (Arrows Indicate a
porosity and Inclusions)

end. This target can enter the small diameter
tubes for radiography of circumferential or
heat exchanger type (tube-to-tube-sheet) weld
joints, which are not presently tested by radio-
graphy due to the problem of access. Electron
beam welds in the zircaloy guide tubes for
PHWR and certain other pipe welds with 50
mm dia. are now tested using this unit.

Advantages of microfocus unit are multip-
lied when it is coupled with Real Time X-ray
System, which otherwise tends to sacrifice
resolution. This activity is planned in the next
phase.
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Radiographlc examination of complex
shaped objects having large thickness varia-
tions is conventionally carried out using one
of the latitude techniques such as the Multiple
Exposure Technique (MET) or the Mult* Film
Exposure Technique (MFET). BARC has deve-
loped the concept and technique modalities of
a new latitude technique which has been
termed as the Multiple Source Exposure Techni-
que (MSETj.

This new technique developed by BARC
helps to reduce the number of exposures and
improves the flaw sensitivity in comparison
with the other latitude techniques such as
MET and MFET. It is thus quality oriented and
cost effective.

1. The concept of spectral superimposltlon-A
schematic presentation

A New Industrial Radiography

Technique: Development

from the New Concept of

Spectral Superimposition and

Technique Modalities

The Multiple Exposures remained unexplo-
red presumably due to the anticipated effects
of movement unsharpness. The investigations
using X-rays revealed that the sources at
different tube voltages can be switched on
without disturbing the position of the focal
spot and thereby maintaining the exposure

geometry. The exposures using MSET revealed
excellent Image quality with the added benefit
of increased latitude. The gamma ray expo-
sures using this technique calls for special
source locating devices for ensuring repeata-
bility as well as accuracy in souvce position-
ing.

SOURCE 3

{tlESVLT OF THE

\ SOUMCES 1 R*tt> 2)

UIRVE LEXS7H

Fig. 2. Radlographlc density variatton tn 'MET' ana
•MSET

Development of this new concept and tech-
nique modalities consisted of the following
stages :

(1) Definition of a Radiation Quality Index
(RQI)

A new concept of Radiation Quality Index
(RQI) was introduced to enable a quanti-
tative treatise of the radiographlc quality
of radiation sources. The RQI was thus
defined as the ratio of the slope
(mR! of the exposure chart (D = 2.0)
prepared using the said radiation source
to the slope (ms) of the exposure chart
(D = 2.0) obtained using an Ir192 source,
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under identical conditions of material,
film, processing, etc.

i.e. RQI =
ms

(ii) Development of the concept of spectral
superimposition

Investigations revealed that the RQI
changed with the energy content of the
radiation spectra. The measurement of
RQI made by superimposition of radio-
graphic exposures, using more than one
source on a single X-ray film, revealed
that the RQI values as well as the latitude
coverages were varying. Table 1 shows
the RQI values for a few single sources
and also the variations in RQI achieved by
superimposition of two sources.

These observations lead to the develop-
ment of the new concept of spectral super-
imposition during radlographic exposures -
for achieving better latitude coverages.
Fig. 1 gives a schematic illustration of the
generation of a new source by the super-
imposition of two sources.

(ill) Development of a Multiple Source Expo-
sure Technique (MSET)

Based on the above referred new concept,
a new radiographic technique christened
as Multiple Source Exposure Technique
(MSET) was evolved. The total exposure
"Ex" using 'n' sources was arrived at
based on the formula,

2 n ~ 1 XL
R.'^ 2n(n- l )

where 1*1
Y, = the exposure value read from the
"latitude array' corresponding to a KVP
value of V,.

R, = Numerical value of the RQI of the
radiation source at V,.

n = total number of sources (n > 1)

Application studies using this new techni-
que were carried out in actual field condi-
tion, on complex shaped welds, casting,etc.
Fig. 2 gives the density variations obtained by
using the MET (two separate exposures at
150 KVP and 35Q KVP respectively) as against
the MSET (one combination exposure of 150
KVP + 350 KVP). The weld could thus be
covered in one radiograph using MSET, while
the MET of the same weld called for two
separate radiographs. Due to the increased
latitude coverage, it was possible to reduce the
exposure by 30% to 50%. The image quality
and detail sensitivity were found to be excellent
and much better than MET and MFET. The
increased image quality coupled with the.
savings in exposures achievable by this new
technique makes it a quality oriented and cost
effective method of radiographic examination.

This new technique would find application
in radiographic examination of complex shaped
castings, forgings, welds etc., made out of
different metals, alloys and other materials. It
is, therefore, a versatile engineering quality
control tool with applications in mechanical
engineering ventures, materials science, metal
forming etc.

Tabie 1

RQI VALUES OF COMPOSITE SOURCES AND
CONSTITUENT SINGLE SOURCES

Radiation source RQI
Sr. No. (X-rays, KVP) (m ACi"1)

1
2
3
4
5
6
7

150
150 + 200
200
150 + 250
250
150 + 350
350

2.95
2.70
2.36
2.03
1.96
1,88
1.82
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Determination of the origin of groundwater
salinity is an important component of ground-
water problem especially in the context of the
deterioration of water quality due to pollution
or over exploitation of groundwater resources.
Environmental stable isotopes such as Deute-
rium, Oxygen-18 and Sulphur-34 in combi-
nation with hydrochemical data could be used
for studying the source of salinity of a ground-
water system.

linear correlation along mixing lines occur
between D and 18O and between these iso-
topes and the concentration of a more con-
servative ionic species such as chloride. In the
case of connate or fossil sea water enrichment
of 18O compared.to present day sea water has
been reported. Concentration of the following
geochemical species-strontium, lithium, bro-v

mide, iodide, boron and their ionic ratio with
chloride have also been found to get enriched

jn •«• •» . «
I MINJU*1 • »

• 12 <
•it rr,

• 40

fig. 1. Location of piezometers and observation wells In Minjur area.

Groundwater Salinity Studies

using Environmental Isotope

Geochemistry

Salinization arising from leaching of salts
is not accompanied by changes in the stable
isotoplc composition D and 18O of the leach-
ing water. On the other hand, mixing of saline
water (e.g. sea water) with fresh water gives
rise to a saline water with different salinity
and different stable isotopic content. Hence

in connate sea water due to their long resi-
dence in the aquifer.

The isotope geochemical technique was
applied to the salinizaticn problem in the
Minjur area north of Madras city (Fig. 1).
Progressive increase of salinity of the coastal
Minjur aquifer has been causing concern to
the city and water supply authorities and to
the industries in the region. The obvious
source of salinity is the Bay of Bengal waters
intruding into the aquifer due to heavy exploi-
tation of groundwater in the area. But the
existence of pickets of hypersaline ground-
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«D-»QPLOT OF SAMPLES FROM MINJUR AQUIFER
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Fig. 2

waters (i.e. salinity greater fhan sea water)
negate the above simple explanation. The
possibility of entrapped fossil sea water or
connate sea water could not be ruled out. Salt
pan activity in the eastern part of the project
area is another possible source of salinity.

To study the salinization process taking
place in the area,samples were collected and
analysed for environmental isotopes (D, 18O,
3H and 34S). Environmental stable Isotopes (D,
18O and 3*S) were measured using a mass
spectrometer whereas tritium was measured
using a liquid scintillation counter after tri-
tium enrichment by electrolysis. Samples
were also analysed for major Ions (Ca+a, Mg+2,
Na+, HCO3~, Cl~, SO4"

2) and minor and trace
ions (Sr+a, Li+, Br", I", etc).

Deep Groundwaters : The stable isotopic
composition (D and I8O) and chloride values of

41

the deep groundwater samples (except hy-
persaline waters) near the coast generally fall
on the mixing line between seawater and fresh
groundwater on the western side (Fig. 2). This
confirms seawater intrusion into the aquifer.

Shallow Groundwaters: The D-18O plot of
samples from the shallow groundwater near
the coast show a correlation line which fall on
evaporation line with slope of 5.5 (Fig 2).
Hence the salinity of shallow groundwaters
could be due to evaporated salt water from the
salt pans percolating into the shallow zone.

Hypersaline Groundwaters : The Isotopic
composition and geochemistry of hypersaline
deep groundwaters near the coast have been
compared with modern seawater and publi-
shed data on known connate seawater and
presented in the following table.



78

Table

Analysis
££
<518O%>
(wrt
SMOW)
83*S
(aq. So4~*)
% 0

(wrt
CDT)

r/cr

Brvcr

Mg+vcr
so/vcr

Bay of
Bengal
at Madras

+ 1

+ 21

2.5 x
10~6

0.0028

2.6
0.14

Minjur
hyper-
saline
waters
+ 1

+ 17.5

2.5 x
10-«

0.001

2.6
0.16

Connate
waters
(published
data)
Enriched up
to 3

Variable from
+ lO%o to
+ 35%«

Enriched upto
io-«

Enriched
upto

0.03
Negligible
0-0.001

From the above table it can be seen that the
hypersallne deep groundwaters Is dissimilar
to connate waters but similar to modern sea-
waters.

The hypersalinity of these waters has been
explained due to the contribution of salts from
the salt pans. These highly saline waters
infiltrate from the shallow to the deeper zones.

Environmental isotope geochemistry is
also being applied in studying the salinization
of groundwaters in some parts of West Bengal
and Haryana.
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Stress distribution in 500 Mwe header tee.

In the present context of different numeri-
cal techniques available like Finite Element
Method and Finite Difference Method which
have made possible the detail study of compli-
cated machanical and other structures, which
otherwise asks for a huge numerical input and
gives back the output manifold, the graphic
environment has provided with a very easy
passage through the domain of these super-
techniques. With the arrival of the Super

Graphics in Structural Analysis

Computers and highly sophisticated color gra-
phic systems the present day analyst feels
much at ease and the once laborious job has
become a every day joy for him.

This parallel progress in software and hard-
ware sides has been utilised properly and a set

of graphic codes have been developed to provide
a user friendly environment to the analyst.

The graphic codes developed groups into
two sets namely the pre and post processors.
The pre-processor provides with a complete
set of datas required for the analysis describ-
ing the geometry of the structure, constraints,
loadings, etc. The post-processor gives a gra-
phical output of the results which may be the
deformed shape or the stress distribution in
the structure or the temperature distribution
in the case of a thermal analysis.

The part of the post-processor which gene-
rates the iso-contours utilises a generalised
mapping technique which uses a function
similar to the shape function of the finite
element. This technique provides a better
method of interpolating within a bivariant
domain which otherwise is done by Jading
the finite element further into a number of
triangular elements in which the function is
only linear.
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Fig 1. Spring and compression block assembly

Blow-out panels are used in the various
areas of PHWRs to ensure structural integrity
under accidental or off- normal conditions. In
the case of a postulated pipe rupture resulting
in release of high enthalpy water in a compart-
ment,the resultant ultimate pressure must be
limited to a safe value. Blow-out panels in such
a compartment will provide the necessary relief
area. The blow-out panel is tied to its frame
with a chain to prevent it from flying off. The
opening pressure is determined by the shear
pins which hold the panel and the frame.

The major problem with the existing design is
that during the normal operation, the gap
between the panel and the frame provides a
leakage path. To start with, the gap is sealed
by a PVC tape, but it does not remain leak
tight This becomes an economic penalty when

A New Design for Blow-out

Panels

dealing with heavy water laden atmospheres
at positive pressures. One possible method of
achieving a firm sealing is to bridge the gap
with a brazed metal tape. However, such
methods introduce some uncertainty in the
rupture pressure.

r - W M N O * COMMISSION
\ BLOCK ASSEMBLY (TVP.)

•HEAR PIN-1

FIXED FRAME -» I—HINGE

Fig. 2. Schematic plan of blowout panel

BARC has evolved a new concept of a blow
out panel. This is based on positive sealing of
the panel through a neoprene gasket. PVC
tape is eliminated. Assemblies involving spring
and compression blocks are mounted at regu-
lar intervals on four sides of the panel to keep
the gasket leak tight. Knowing the spring
compression and shear pin strength, the panel
can be set to open at any predetermined value.

The concept has been tried and proved on
small (381 x 273 mm) and large panels of
size 1200 x l i o o mm Hike the one used in
calandria vault and thermal shield cooling
duct). Both static and dynamic tests have
been carried out. The opening pressure could
be preset between 0.035 to 0.21 kg/cm2 diffe-
rential pressure. The panel can be horizontal,
vertical or at an inclination.

This design can be incorporated in the
existing panels with only minor insitu work as
most of the work can be done in the shop. The
design provides considerable flexibility and
can be adopted for industrial applications
where explosion vents are used.
Fig. 3. Study of static and dynamic modes of loading

uuwcn ramm inmaumu.) -



Fuel end-cap welding machine

An indigenous 100 kVA semi-automatic
Resistance Welding system capable of welding
zircaloy fuel pins inside a glove box has been
developed. The system consists of a 100 kVA
water cooled welding transformer, mecha-
nical fixtures, vacuum-gas filling arrange-
ment, glove box and the electrical system. The
welding chamber can be evacuated and filled
with helium for zircaloy 'weld' protection. The
control system has been designed to permit
adjustment of pre-heat, weld-heat and post-
heat durations. The welding parameters can
be recorded on an U-V chart recorder. The
mechanical fixtures consist of a stationary
head, a moving head, diaphragm ports for

Development of an Automatic

Resistance Welding System

for Fuel Rod Production

pneumatic connections and electrical termi-
nation. The stationary head comprises a fuel
*ube cap holder and its associated connections.
A pneumatically operated collet is used for
holding the fuel tube. The end cap holder,
loaded with the cap, is positioned manually on
the fuel tube holder. The moving head con-

sists of a moving head diaphragm and linear
bearings. Air cylinders are used to position
the end cap close to the fuel and required
pressure is applied between end cap and the
fuel tube through the pneumatic diaphragm.
On initiation of an automatic weld cycle, the
i aphragm gets actuated to force the end cap
on the fuel tube, applying the pre-determined
welding force. Then the pre-set weld cycle,
consisting of pre-heat, weld-heat, post-heat
takes-place as pre-determined by the operator.
After the completion of the weld cycle, the
diaphragm will continue to be actuated for a
preset 'hold' period, after which it will be
automatically depressurized. The length of
each operation is settable in steps of 20 milli
seconds (upto 2 sees). The pre-heat and post-
heat duty cycles are automatically repeated 5

-times to different current settings to get the
required current slope. The cycle times and
weld currents are individually settable through
thumb wheel switches. A good number of
sample welds have been tried out by Radio-
metallurgists. The weld quality was inspected
metallographically on the cut-sets of the
samples. The results are highly encouraging
and the efforts are in right direction to
succeed. The experience gained from this
system will be hig' y useful for designing
more sophisticated and fully automated system
in future.
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Fig. 1. TestjacMy for containment model experiments

The containment is an important enginee-
red safety feature in the framework of "Defence-
in-depth" philosophy and serves as an ulti-
mate engineered barrier to prevent the release
of radioactivity into the environment in the
unlikely event of occurrence of a major acci-
dent. For the containment to fulfill its pro-
tective function, it has to be carefully desig-
ned to withstand the consequences of the
Maximum Credible Accident (MCA). The safety

Experimental Studies on

Model Containment to

Evaluate PHWR Containment

Response during Maximum

Credible Accident

feature to mitigate the pressure rise in the
containment, tn the event of a Loss of Coolant
Accident (LOCA), has been changed from the
Dousing Tank, used in RAPS, to the suppres-
sion pool in MAPS and ail subsequent Pressu-
rised Heavy Water Reactors (PHWRsl in India.
This essentially consists of a pool of water

located at the lowest floor in the reactor build-
ing (RB). The RB is divided into two accident
based volumes called VI (drywell) and V2
(wetwell). The volume VI encompasses all
enclosures housing the high enthalpy primary
heat transport (PHT) system, secondary feed
water and steam systems. The rest of the RB
constitutes the volume V2 and includes all
those areas of the building that are generally
accessible during normal reactor operation.

In order to gain a better understanding of
the behaviour of the suppression pool contain-
ment system during a LOCA, experiments on
a one-tenth scale model of a 235 MWe PHWR
containment along with the associated PHT
system model were carried out. A schematic of
experimental setup (installed at MAPS, Kalpa-
kkam) is shown in Fig. 1. In addition to the
studies on containment response during MCA,
simulating both MAPS and NAPP conditions,
experiments were also conducted to study the
effect ot changes in

(i) the size of the break

(ii) the break compartment

(iii) downcomer submergence

(iv) partitioning of boiler room.

• 1 3 5 7 » n l 3

Fig. 2. PHT system pressure tmnsiunt
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Fig. 3. FM vault pressure transient

21.1

l i t

».«

I t

0-

-

1 ,

J
\w

Tint,SECONDS —

. , t . • 1 .._! 1_ -1—

a
- •

T1ME.SEC0N0S

Fig. 4. PRC pressure transient

The PHT system pressure transient was
simulated during the tests.

Some typical results obtained during the
test M4LO-H9, representing MAPS conditions,
are given in Figures 2 to 6. The experimental
data indicated that:

(i) Subsequent to rupture of Blow Out Panel
(BOP) at 26.2 KPa the maximum pressure
inside the containment model during the
LOCA transient is observed to be 17.2

KPa In the Fuelling Machine (FM) vault
(Fig. 3).

(ii) The Boiler Room and Vent Shaft pressures
Increase gradually and reach a peak at
about 8.2 seconds.

(Hi) The vent clearing process was found to
take around 3.5 seconds. Subsequent to
vent clearing the volume V2 pressurisa-
tion is started and a maximum pressure
of 2.96 KPa is reached (Fig. 6).
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Fig. S. Down comer pressure transient

For simulated NAPP conditions, (with dis-
charge into FM vault), the maximum pressure
inside the containment model during the LOCA
transient was observed to be 25.5 KPa in the
FM vault. However, with the break discharge
into the Boiler Room (BR) the maximum pre-
ssure inside the containment model during
LOCA transient was observed to be about 32.0
KPa in the BR which is about 6.5 KPa higher
than that observed with break discharge into
FM vault.

Froni various tests for MAPS and NAPP it is
seen that:

(I) The pressure transient in the Pressure
Relief Chamber (PRC) exhibits a cyclic
behaviour in the initial period as shown
In Fig. 4.
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Fig. 6. Volume V2 pressure transient

(11) The downcomer pressure transients
show an oscillatory behaviour (Fig. 5).
The initial large scale oscillations in the
downcomer are due to the oscillations of
the water column inside the downcomers
before vent clearing is effected. The osci-
llations during the later part of the transi-
ent were examined and *bund to be due to
the bubbling phen> u • on at fr* ^own-
comer outlet.

(Hi) The temperature rise recorded in both the
downcomers confirms the entry of steam
into the suppression pool.

(iv) No temperature rise was recorded in
volume V2 which indicates that the steam
is fully condensed in the suppression
pool.

(v) Active participation of the suppression
pool was also confirmed from visual obser-
vations as well as recorded data (video-
graph).

(vi) Break size less than the Double Ended
Break (DEB) results in Increased PHT
system blowdown time, reduced contain-
ment peak pressure and increased vent
clearing time.

(vli) Reduced downcomer submergence results
in faster vent clearing and reduced peak
pressure in VI.

The peak pressure reached in volume VI of
the model during the experiments is much
less than the reported value (calculated) for
both MAPS and NAPP prototypes. This differe-
nce may be attributed to the difference in
surface area to volume ratio between proto-
type and model, increased condensation in
the model and. difference in material of con-
struction etc. In view of this it should be borne
in mind that the values obtained in the present
experiments cannot be directly extrapolated
to the prototype. The data should be used for
improving the modelling and validation of
computer code, which can be subsequently
used for Improved prediction of transients in
prototype.
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Compact Mechanical Snubber

The coolant channels of the Pressurised
Heavy Water Reactors are provided with shock
absorbing devices at both ends. These devices
are designed to arrest the outward motion of
the two severed portions of a coolant channel
following a postulated circumferential break
of the pressure tube. In order to accommodate
the change in length of the coolant channel
due to thermal expansion, along with some
margin, a small gap known as the 'yoke-nut
gap' is provided in each of these devices.

At high temperature and under fast neu-
tron irradiation the zirconium alloy pressure
tubes undergo a progressive increase in length,
typically 2 to 4 mm per year, due to creep and
growth. This elongation causes a gradual reduc-

Compact Mechanical Snubber

for PHWR Coolant Channels

tion in the available yoke-nut gaps. In order to
avoid a closure of these gaps resulting in
imposition of unacceptably high forces on
pressure tubes and the end-shields, it is nece-
ssary to monitor the elongation of individual
coolant channels and to carry out an adjust-
ment of the yoke-nut gaps periodically. Owing

to high radiation fields and difficult accessibi-
lity, this operation accounts for a heavy man-
rem expenditure, typically 150 man-rem per
reactor per year.

A novel compact mechanical snubber,
having a potential to eliminate the need for
periodic adjustment of the yoke-nut gaps, has
been developed in BARC. This snubber com-
prises of a rotating nut mounted on a multi-
start threaded stud and separated from a
thrust block, capable of sliding over the stud
without rotation, by a spring loaded sub-asse-
mbly. The stud can be screwed inside existing
tapped holds in the end-shields and the thrust
block can be rigidly connected to the existing
shock absorbing device. An axial acceleration
of the coolant channel would be transmitted
to the thrust block causing a resisting inertia
force, proportional to the acceleration, being
developed by the snubber. Under the action of
this force the spring loaded sub-assembly would
change its length. So long as the acceleration
remains within the 'lock-up threshold", the snu-
bber will permit the axial movement of thrust
block without any significant resisting force.
However, once the lockup threshold is excee-
ded the non-rotating thrust block gets locked
with the rotating nut. causing a complete
seizure of the snubber on the stud. The value
of 'lockup threshold acceleration" can easily
be adjusted by altering a spring member.
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When mounted with the shock absorbing
device the snubber can, thus, allow free axial
movement of the coolant channel to take care of
thermal expansion and creep/growth elonga-
tion. However, under postulated circumferen-
tial break of pressure tube, the snubber will
lock-up enabling the shock absorbing device
to come into action. As the snubber would
move along with the channel during normal

operation, the need for any adjustments in the
shock absorbing device would not exist.

The first version of the snubber has per-
formed as predicted during tests conducted
using a demonstration rig. An evaluation of
the long term performance of the snubber
under simulated environmental conditions is
planned.
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Studies on RAPS-1 end shield

End shield of RAPS-I, RAPS-2 and MAPS-I is
a composite tube sheet structure made of 3.5
percent nickel steel. It has 306 lattice tubes
which locate the end fittings which in turn are
used as connection elements between
Zircaloy-2 pressure tubes and primary heat
transport system feeders. The end shield con-
tains shielding slabs along with deminer-
alised water for shielding the fuelling machine
vault. The material of construction (3.5 per-
cent nickel steel) gets embrittled due to neu-
tron irradiation. In RAPS-I south end shield,
cracks were found in the calandria side tube
sheet. The plant had to remain shut down
since September 1981 for extended periods.

Rehabilitation of RAPS I End

Shield

Attempts to seal the leak were found to be
unsuccessful as new cracks were developing,
preventing sustained reactor operation.

In order to study the problem in depth and
to arrive at a suitable repair procedure, de-

tailed stress analysis was carried out for this
structure. The results obtained were also use-
ful in arriving at suitable precautionary mea-
sures during operation of end shields. As a
result of this study following conclusions

! emerged :

1) Lattice tubes which connect the two
tube sheets play an important role in
stiffening the tube sheets. As such the
locations in which lattice tubes have
been removed need to be reinforced
through alternative means such as
stays.

2) Thermal stresses are significant when
some channels are arbitrarily made
cold. In order to enhance the chance of
survival, the portion of end shield which
runs cold (without hot primary coolant
flowing through cc i .it channels)
should be rectangular and not of irre-
gular geometry.

3) It is desirable to keep the loads on the
end shields to the minimum level.
Periodic adjustment of shock absorbing
device nuts on end fittings is essential to
prevent load transfer due to creeping



coolant channels. Similarly the inplane
loads to differential temperature be-
tween the two tube sheets should be
kept as low as possible.

Thus a batch of 12 channels was made
cold in RAPS-I end shield near the defect
location (C8 to CIO and F8 to F10) to
minimise thermal stresses. Stays were pro-
vided in locations where lattice tubes were

removed. Restricted heating and cooling rates
for primary heat transport system coolant and
end shield demineralised water were specified
to reduce transient thermal stresses.

Rehabilitation of end shield incorporating
above recommendations was a success and
the reactor has been operating upto a maxi-
mum power of 100 Mwe since September
1987.



An essential component of nuclear reactor
safety assessment Is the analysis of postula-
ted accidents in nuclear power plants. This
analysis is usually carried out with complex
computer codes which must be validated
through the comparison of calculated results
with experimental data obtained in test facili-
ties.

HYDMAtCUHUUTWtS

Fig. 1

IAEA Sponsored Standard

Problem Exercise

With this objective in mind. IAEA conducted a
standard problem exercise in which 24
institutions from 15 countries participated.
The exercise involves a 7.4% break, loss of
coolant accident experiment without accumu-
lator injection. It was conducted at the PMK-
NVH test facility in the Central Research

Institute for Physics of the Hungarian Academy
of Science in Budapest. Reactor Engineering
Division in collaboration with Reactor Analy-
sis and Systems Division participated in this
exercise. Participants were required to do pre-
test and post-test calculations for the
experiment. The test set up is shown in Fig. 1.
It is a scaled down model simulating the
primary coolant circuit of a WER-400 reactor
of Russian design.

The internationally known safety analysis
code RELAP4/MOD6 was adapted on the ND-
system and used for these calculations. This
is the first time RELAP4/MOD6 code has been
adapted on this computer system anywhere in
the world. A number of difficulties had to be
overcome. The subroutines of the code written
in IBM machine language had to be rewritten
in FORTRAN. The code had to be globally
modified as a number of commands available
in IBM were not available in ND system.

This type of analysis using RELAP4/MOD6
was attempted for the first time here. In such
analysis careful attention is to be paid to
nodalization. The final scheme was chosen
after a number of trial computer runs to get
accurate results with efficient computer usage.
The problems like water-packing in the system
were reduced to a minimum. Appropriate
models were chosen for calculation of break
flow, mixture level, heat transfer co-efilcients,
high pressure injection, heat losses etc. A
number of limitations of the code were cir-
cumvented using appropriate assumptions or
alternate modelling schemes.

From amongst the various parameters esti-
mated during the transient a total of about 35
were sent to IAEA for inter-comparison with
the experimental results and results of other
participants. Some of the important parame-
ters are compared with the experimental results
in Figures 2,3 and 4.

Fig. 2 shows the system pressure varia-
tion. The pre-test calculations showed rapid
depressurisation. After suitably modifying the
modelling, post-test calculations were found
to be in good agreement with experimental
results. Fig. 3 shows the comparison of cold
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leg flow rates. All curves are in good agree-
ment. Fig. 4 indicates clad surface tempera-
ture transient. The behaviour of the transient
is similar in all cases.

The pre-test and post-test calculations for
the standard problem exercise gave us good
experience of modelling of small break accide-
nts using control volume codes. This gave us
confidence to use RELAP4/MOD6 for predicting
transients in our own scaled experiments
and modify the code for the use of PHWR
safety analysis.
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The finite element modelling of cracks of
irregular shapes, e.g. zig-zag crack resulting
from stress corrosion, is a difficult task.This is
due to the fact that singularities exist at the
corners the order of which varies and depends
on the knee angle. The occurrence of the two
adjacent singular points at close proximities
further complicates the situation. One of the
simplest problem in this family is a short
kinked crack. To analyse such a problem using
the existing finite elements.one obvious stra-
tegy is to use the well known quarter point
square-root singularity elements (BARSOUM,
1976) at the crack-tip and the 3 noded variable
order singularity element (TRACEY, 1977) at the
knee. From the point of view of accuracy the
two singularity elements must be separated
by a set of conventional elements. When the
kink length is small, the discretisation tends
to involve a very large number of elements
and hence the computational cost increases.
One alternative strategy is to employ a single
element incorporating the two singularities
between the knee and the crack-tip. This
provided the motivation for the development
of finite elements with two singular points
(TSP element).

The TSP element has been incorporated in
a 2-D finite element code 'CRACK' ( Dutta,
1986). Number of kinked cracks have been
analysed to test this element. We present here
the results of one of the examples.

Fig. 1 shows the geometry of a double edge
kinked crack in a tension strip along with the
finite element discretization. The use of TSP

A New Finite Element with

Two Singular Points for the

Analysis of Kinked Cracks

element to model the singularities of knee and
tip of the kink together may be noted in the
same figure.The J-integral to characterise the
crack behaviour is calculated for various kink
angles. Fig. 2 shows the results obtained in
comparison with a first order theoretical results
given by ( Cotterell, Rice 1980). An excel-
lent performance of the element may be noted.
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Nuclear reactors are designed for safety
even during off-normal and accident condi-
tions. Power failure is one such condition.
Following a power failure, the sequence of
events that take place in a PHWR can be
described as follows :

(1) The power supply to the main heavy
water circulating pumps in the primary
circuit fails and the coolant flow coasts
down.

(2) Though the reactor trips following the
power failure, heat continues to be genera-
ted in the reactor core at a reduced level
due to decay of fission products. The decay
power is about 7% immediately after the
reactor trip, but continues to reduce gra-
dually with time.

(3) The main feed pumps which supply light
water to the steam generators stop and the
steam generator secondary side is bottled
up. Following this the steam generator
pressure starts rising till it reaches the set
point of steam discharge valves (SDVs).
Subsequently, the SDVs will open and
reset depending on the pressure in the
steam generator. At about 60 seconds the
auxiliary feed pumps start on emergency
power and supply cooling water to the
steam generators.

(4) Following pump trip and flow coastdown.
primary flow is maintained by the thermo-
syphon phenomenon till the power supply
to the primary coolant pumps is restored

Dynamic Analysis of the PHT

System of a PHWR Following

Power Failure

or the shut down cooling system is valved
in.

A computer code TINFLOW-III has been
developed to predict the transient flow and
temperatures in the Primary Heat Transport
(PHT) system of a PHWR. taking into account

the above mentioned sequence of events. Using
this computer code, dynamic analysis of NAPP
and the proposed 500 MWe PHWR has been
carried out. Figures 1 to 3 show the predicted
transients in NAPP reactors following power
failure at 100% power. The clad temperature
and the fluid temperature show a peak at
about 3 seconds after reactor trip due to the
power and flow mismatch. During the first 3
seconds the power fraction is seen to be more
than the flow fraction. The predicted flow rate
shows a minimum at around 140 seconds as
shown in Figure 2. At this time, the flow
contributed by coast down of the pumps is
reduced to zero. The loop temperatures at this
time, however, correspond to that at mixed
flow conditions and cannot sustain natural
circulation flow rate corresponding to the
power. This leads to a minimum in flow rate.
During this time the fuel and the fluid heat up
(see Fig. 1). This results in a second peak of
clad temperature and fluid temperature. The
second peak, however, is less than the first
peak. Subsequently the flow rate, temperature
difference across the core (ATc) and clad
temperature drop almost linearly with time
due to the reduction in the decay power.

! :. I

1 1 I

1«E * M [ f l POWtR F*HUOE, SECONDS

Fig. 1. Predicted transients tn NAPP reactor PHT system
following power/allure

Figure 3 shows the transient behaviour of
PHT system pressure, average temperature and
the steam generator pressure following power
failure at 100% power. The steam generator
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pressure reaches the set value of the Steam
Discharge Valves in a time of about 25 seconds.
Beyond this time, the SDVs open and close
depending on the pressure in the steam gene-
rator resulting in pressure oscillations as
shown in Figure 3. The PHT system pressure
and average temperature increase initially,
because of the flow and power mismatch and
due to the increase in steam generator secon-
dary side temperature. The peak values of
PHT system pressure and average tempera-
ture are reached at about 25 seconds. Beyond
this time, the steam generator secondary side
temperature remains practically constant.
But the PHT system average temperature (and
hence the pressure) fall due to reduction in
power. Beyond about 75 seconds, the PHT
system average temperature and pressure again
start to rise because of flow reduction. The
maximum values of the PHT system pressure
and average temperature are attained subse-
quently.

20 60 80 100 120 K0 160

TIME AFTER POWER FAILURE-SECONDS

180 200 220 2(0 260

Fig. 3. Predicted transients following power failure at 100% power in NAPP reactor
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Tarapur Core map.

High reactivity worth of control rods at
criticality in the cold condition of the core is a
problem that is often encountered by Boiling
Water Reactors (BWRs), including those at
TAPS. Built-in safety systems in the reactor
are equipped to scram the reactor if necessary.
All the same, it is a potentially dangerous
reactivity situation that needs attention.

It was realised that the problem has a
crucial bearing on how the reactivity distribu-
tion in the core evolves with core burnup. and
it has to be taken care of essentially at the
stage of constituting a core or the reload
pattern. The reactivity of fiael bundles monoto-
nically decreases with burnup. The introduc-
tion of burnable poisons (Gadolina), however,
reduces the reactivity substantially in a fresh
bundle. As the poison burns, during its first
cycle the reactivity first increases until the

Improved Reload Patterns for

Tarapur Reactors

poison is completely burnt. Customarily advo-
cated guideline of alternating fresh and expo-
sed bundles, or arranging the bundles in a
checkerboard fashion in the core, can provide
a uniform mix of fresh and exposed bundles.
This maintains uniformity in the worths of all
the control rods and hence avoids high worths
of rods.

In the conventional reload patterns, the
four quadrants of the core are loaded with
reflective symmetry as shown in the figure for
TAPS core. Such cores may be called Quadrant
Symmetric Cores or QSC. We see from the
figure that QSC is not strictly consistent with
the checker board concept. If the axes of
symmetry are rotated by an angle of 45°, as in
the figure, we obtain a core which may be
called a Sector Symmetric Core or SSC. The
figure demonstrates that SSC concept is stri-
ctly consistent with the checker board concept
use of which can mitigate the problem of high
worths. SSC offers several other important
advantages like Increased shut down margin.
It reduces the inventory of control rods at
power, and reduces the frequency of control
movements. It also reduces the frequency and
the extent of thermal shocks to the fuel. Thus,
it contributes to the safety of the reactor and
the integrity of the fuel. It makes the operation
easier and smoother. It reduces the scope and
increases tolerance to human errors.

The second unit of TAPS is the first BWR to
use and benefit from the concept of SSC
originated and developed in BARC. The unit
has since successfully completed the cycle
(11 th) in which SSC was used. SSC concept is
now in routine use at TAPS. Three actual
cores for TAPS reactors are already consti-
tuted using SSC concept.
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The behaviour of MAPS reactor system
during load rejection test was analysed using
a computer code developed for the purpose.
The sequence of events that take place during
a load rejection test are as follows :

(1) Generator breaker opens

(2) Turbine governor valve closes due to over-
speed

(3) Condenser steam dump valves open

(4) Atmospheric Steam Discharge Valves
(ASDVs) open and reactor set back is
initiated by the reactivity mechanism.

The Boiler Pressure Controller (BPC) regula-
tes the steam flow through various discharge
valves to match the reactor power. This avoids
reactor trip and keeps the reactor power above
the poison-out level. During the load rejection
test conducted at MAPS II. the following para-
meters were monitored :

(1) PHT pressure, outlet temperature, feed
and bleed rate

(2) Boiler-1 AT

(3) BPC median output signal

(4) Boiler-1 level and feed water supply rate

(5) Boiler steam pressure

(6) HP sensitive oil pressure

(7) Turbine speed

(8) Linear neutron power

MAPS Load Rejection

Test-Analysis of System

Behaviour and Comparison

with Test Data

(9) PHT pressure control signal

(10) Steam flow rate

(11) Generator field voltage

(12) Generator voltage

(13) Contact of generator breaker.

A computer code developed earlier has
been modified to predict the plant transients
during load rejection test taking into account
the boiler pressure control and PHT pressure
control by feed and bleed system. Using this
computer code analysis of the load rejection
test has been carried out. Some of the results
are compared with test data in figures 1 and 2.

PRtWCIlON

EXPERHEHI-

1* i t ta 27 ?t 2C 21 30 32 34
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Fig. 1. PHT system pressure.

Fig. 1 shows the measured and predicted
PHT pressure. From this figure It Is seen that
the measured value of peak PHT system press-
ure is about 87.9 bar which occurs at about
2.1 seconds whereas the predicted maximum
value of PHT system pressure is about 86.9
bar which occurs at about 2.0 seconds. Thus
the agreement is within about 1.2%. The mea-
sured and predicted final steady state values
of PHT system pressure agree within 2.4%.
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Fig. 2. Total steam flow rale

Fig. 2 shows the predicted and measured
steam flow rates. It may be noted from this
figure that these two follow the same trend.
However, the minimum and the maximum
values of the predicted steam flow rate and the
time of their occurrences are somewhat diffe-
rent from those obtained from the test. The
predicted and measured values are in good
agreement after about 10 seconds.



Fig. 1. Control panel Jar Kamini reactor.

Kamini is a pool type research reactor of
100 kW thermal power rating employing U233

as fuel and beryllium oxide as reflector. The
reactor is controlled with the help of two
safety cum control plates made of cadmium.
The overall reactivity of the core is adjusted by
suitable positioning of a burn up control
block. This research reactor is mainly used for
the neutron radiography of irradiated fuel
pins and some nuclear experiments.

The reactor is operated from a control
p^nel which houses three CRT s for control
and information display as well as conven-
tional controls and display instruments
which are designed to be user oriented. The
interlock and control system is structured

Kamini Reactor

around microprocessors. A dedicated CRT
along with associated keyboard is used for
operations like reactor start up, normal opera-
tion and shut down. The operator is guided
regarding sequence of operations through
messages on CRT. Suitable Interlocks and
logics have been incorporated to prevent un-

desirable action by the operator leading to
equipment damage or causing an accident.
Elaborate diagnostic messages arc given on the
CRT to identify the cause, if intended action is
not carried out.

The reactor protection system which ensu-
res the safety of the reactor, is fully automatic
and independent of the control system. The
design does not permit any overriding aetir .i
by the operator or the control system.

The plant data is provided by an integrated
alarm annunciator, data acquisition and display
system. The system consists of a data CRT, an
alarm CRT and a common keyboard. The data
acquisition and display system acquires plant
parameters and displays them on the data
CRT in the form of dynamic pictures, mimic
diagrams, tables, trends, bargraphs etc. The
data presentation in this mode is more com-
prehensive and easy-to-digest form as compar-
ed to data display through conventional instru-
ments.

The operator has facility u> obtain routine
log of all parameters at regular intervals or on-
demand, on a printer. This facility reduces the
operator load of taking routine log manually
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Fig. 2. Reactor core mimic

and thus he is free to carry out his
experiments. Another facility permits experi-
mentor to obtain print out of selected para-
meter at regular intervals for recording trends
of desired parame*ers during an experiment.
A postmortem log facility to store the history
of three parameters at an interval of three
seconds for a period of 20 minutes, has been
provided. The stored information is automa-
tically printed out following a reactor trip or
on-demand by operator.

The aJarm annunciator system processes
digital signals to warn the operator about

disturbance in the plant through alarm windows
and CRT, which are displayed in the sequence
of their occurrence, thus enabling operator to
correctly analyse the disturbance in the plant.

The microprocessor and CRT based control
system and data display system has comple-
tely replaced conventional controls, meters,
recorders etc. Thus Kamini-reactor can be
operated through the keyboard commands
and all relevant data required for safe opera-
tion is conveniently displayed in various
formats on the CRT.
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Fig. I. Rabbit for pressure tube gauging equipment
Pressure Tube Gauging Equipment (PTGE)

is used for measuring the straightness and
diameter of horizontal pressure tubes of
CANDU reactors. These tubes have a nominal
diameter of 3.25 inches and are 17 feet 10
inches in length. The tubes contain the coo-
lant pressure and support the fuel bundles
and are thus under constant stress due to
high pressure and fuel weight. The severe
operating environment results in diametral,
longitudinal and bending creep of pressure
tubes. This may result in poor heat transfer or
restrain the movement of fuel bundles inside
the pressure tube. Hence the diameter and
straightness of the pressure tubes need be
monitored. Reactor Control Division has deve-
loped PTGE for measuring Intern* \ diatr.ster
and straightness of pressure tubes for both
pre-irradiation and post-irradiation conditions.
This equipment has been used for pre-irra-
diation gauging of the pressure tubes of three
power reactors.

The diameter of the tubes are measured at
various angles and at regular intervals along
the length of the tube. The straightness is
measured on the principle of spherometric
measurements (18" span) at regular inter-
vals.

Pressure Tube Gauging

Equipment

The PTGE consists of a rabbit, a push tube,
a drive system, a control rack and a clutch
power supply rack. The rabbit is the measur-
ing unit which is inserted inside the pressure
tube, and contains the transducers (LVDTs) to
measure diameter and straightness. The rabbit
also contains electromagnetic clutches which
are used to bring the measuring probe in

contact with the inner surface of the pressure
tube from its retracted position. The push
tube is connected to the rabbit and is fitted
with a rack drive to position the rabbit at any
desired position "nslde the pressure tube.
Stepper motor drive system is used to drive
the push tube. The drive consists of a gear
train, two stepping motors for axial and angu-
lar movements of the rabbit and digital syn-
chros for rabbit's position information. The
control rack houses power supplies, rabbit's
angular and axial position displays and ste-
pper motor drive electronics. It also houses a
control bin containing microprocessor based
control cards for acquisition, digital conver-
sion, processing,displaying, and printing the
transducer output signals and for driving the
rabbit. The clutch power supply rack houses
clutch power supplies, and contactors. On
receiving the control signal from the control
rack, the desired electromagnetic clutch is
energised and after an adjustable time delay,
the clutch current is reduced.

Prior to gauging, the pressure tube is
defiielled, isolated from the primary heat
transport system, dried and cleaned. An
adjustable platform is used to get access to
the desired end-fitting.

The pre-irradiation gauging operation is
manual. The rabbit is inserted into the press-
ure tube through the end fitting and is posi-
tioned manually at any desired position by
means of push-tube fitted with a marked tape.
On giving command through a control switch,
the straightness and diameter LVDT outputs
are acquired, converted to digital signal by an
ADC and are printed. The LVDT outputs 3re
acquired at regular axial and angular inter-
vals and are processed later. The diameter
and deflection variations along the length of
pressure tube are plotted.

In the post-irradiation gauging, operations
are remotely controlled by a microprocessor.
Stepper motors are used for both axial and
angular movement of the rabbit. Digital
synchros give rabbit's position'-information.
The transducer outputs are acquired, conver-
ted to digital signal, processed, displayed and
printed along with rabbit's position informa-
tion. Operator can stop gauging when desired
and restart later from that position onwards
or can abort the gauging altogether at any
desired position.
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The fuel handling system of PHWR type
reactors performs on-power refuelling of rea-
ctor channels. It consists of two fuelling
machines mounted on carriages on bridge
and column structures, on the two sides of the
reactor calandria. It also has two fuel transfer
systems for loading new fuel bundles and
receiving and transporting spent bundles to
the storage bay. These machines are operated
remotely and concurrently by a control
system from the main control room.

ITF Main computer (TDC-312)

Computer Control of Fuel

Handling System for

On-power Refuelling of

PHWR-type Nuclear Reactors

At RAPP and MAPP, hardwired electronic
control systems are used, which provide basic
sequential operations with the required inter-
locks. . Since a computer based control
system can provide better operator/machine
interaction, flexibility of modifications, main-
tainability and reliability, development of

such a control system was taken up at BARC.
A computer control system based on TDC-312
computer, for operating one fuelling machine
head, was integrated to the existing fuelling
machine test facility at Engg. Hall-3 in
Trombay to demonstrate the feasibility. Based
on the experience gathered, a prototype com-
puter control system for the full fuel handling
system of NAPP type reactors was developed
and installed at Integral Thermal Facility
(I.T.F.) Engg. Hall-7. The I.T.F. has test
channels and other facilities to simulate re-
actor channel conditions like flow, pressure
and temperature. This facility is being used
for debugging and precommissioning of fuel-
ling machine heads of NAPP and subsequent
reactors to establish their reactor woi thlness.
The commissioning and operation of the pro-
totype controls at I.T.F. provided useful feed-
back for improvement of the control schemes
and software. These improvements have been
incorporated in the control system integrated
at NAPP.

The fuelling machines and fuel transfer
system are large sequential machines, which
are used to refuel one reactor channel per day
on the average. These machines operate in
parallel to perform about 1300 steps for refue-
lling of one channel. Each step consists of
checking permissives. issuing commands for
operation of drives and watching feedbacks to
ascertain proper operation. The control system
performs these sequential operations on two
fuelling machines and two fuel transfer syste-
ms concurrently and also monitors all parts of
the system for alarms and interlock checking.

The control system consists of a dedicated
network of a master computer (PDP-11/24)
and two microcomputers. The master com-
puter supervises and initiates step operations
on all the four machines and each micro-
computer monitors field set < ors and operates
one fuelling machine and associated fuel trans-
fer system. In case of failure of master com-
puter, the microcomputers can operate the
machines independently in semiauto mode.
The outputs of micro-computers are checked
by hardwired "Manual and Safety Interlock
Logic" before operating drives. This scheme
also provides a manual mode of operation
which is independent of computers.
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Comprehensive status of all parts of the
system is provided on the operator's console.
All operations performed on the machines are
displayed on CRT displays and are also logged
automatically for future analysis.

The operations on the machines are sequen-
tial in nature, and the control algorithms are
written in a block structured language called
Process Control Language (PCL) developed in
BARC. The software also incorporates ela-
borate off-line system modification programs
to provide flexibility and diagnostic programs
to improve maintainability and reliability.

Watchdog timers in the computers check for
proper functioning of the computers, These
features ensure safety and minimise chances
of failure during operation as compared to
hardwired systems at RAPP and MAPP.

A computer control system based on the
above design has been installed at. NAPP-1 and
the system is being commissioned. The proto-
type computer control system at I.T.F. has
been used to test four fuelling machine heads
of NAPP-1 & 2. Testing of two spare heads of
these reactors is in progress.

Control racks
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Dhruva attained first criticality on August
8. 1985. During initial operation at power,
excessive vibration of fuel assemblies was
encountered which was leading to undue
mechanical wear of the aluminium cladding of
the uranium fuel elements, thus exposing the
uranium to coolant and making sustained
power operation difficult. Design of the fuel
assemblies was modified with the following
major changes incorporated :

u 4 u P n o B BBB a n . pn ntwnnQBBB 1
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Fig. 2. General view of Dhruva control room

(i) In the original design, the fuel cluster had
solid bulges incorporated at its top and
bottom. A diametrical clearance of 150 to
250 microns was provided between the
bulges and the coolant channel, with the
fuel assembly inserted in the channel.
This small clearance was intended to
permit easy installation and removal of
the fuel assembly from the coolant chan-
nel as also to prevent excessive flow-
induced vibration of the fuel assembly.

Dhruva Operates at

Rated Power

Detailed in-situ investigations indicated
that the fuel assembly vibration was criti-
cally dependent on the magnitude of the
radial clearance existing, a larger clear-
ance leading to higher vibration levels.
Based on these observations, the design
of the bottom bulge was changed from a

Fig. 3. Drives for main and auxiliary coolant pumps of
Dhruva

solid bulge to a split-bulge. In the free
state, the diameter of the split-bulge Is
slightly more than the inside diameter of
the coolant channel at the bottom loca-
tion. However, during installation of the
assembly, the split-bulge collapses sli-
ghtly inwards, like a leaf-spring, such that
the assembly sits snugly inside the coo-
lant channel without any clearance. How-
ever, because of the spring type design,
the assembly can be installed and re-
moved easily. A split-bulge (collar) of a
slightly different design was incorporated
at the top also, in addition to the solid'
bulge already existing.

(ii) In the original design, the fuel elements
were fixed to the top tieplates by rivetting
and were free to expand or contract at the
bottom. In the modified design, the ele-
ments were fixed to the bottom tieplate by
welding and kept free to expand or con-
tract at the top. This was done essentially
to prevent high velocity flow, which enters
at the bottom of the fuel assembly, from
impinging on the free end of the fuel
elements.

(ill) The original design provided open-grid
spacers in the 7 element fuel cluster with
the spacers fixed on the central fuel ele-
ment. In order to prevent torsional forces
on the spacers which would in turn lead
to undue mechanical wear of the fuel
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Fig. 4. Dhruva fuelling machine

cladding, full-grid spacers were incorpo-
rated with the spacers fixed to the alumi-
nium flow tube. Number of spacers was
also increased from 7 to 8 in order to
reduce the unsupported span of length.

With the above modification, the problem
of excessive vibrations of fuel assemblies was
completely solved. With the modified assem-
blies installed in the reactor, Dhruva opera-
tion was resumed during November 1986 with
the reactor power limited to 25 MW initially as
a matter of abundant precaution. Based on
satisfactory performance of the modified fuel
assemblies and after incorporating minor
modifications in some of the reactor systems
for meeting certain operational and safety
requirements, operating power level of the re-
actor was raised in steps, over a period of
about one year, full power of 100 MW (Th)
being finally achieved on January 17. 1988.

Performance of the modified fuel assem-
blies was monitored regularly by taking vibra-
tion readings at the top of the fuel assemblies
as also by postirradiation examination of
some of the irradiated fuel assemblies re-
moved from the reactor. It was seen that the
excessive vibration problem was totally elimi-
nated. A large number of fuel assembles have
since been discharged from the reactor after
completing their stipulated burn-up. With the

split-bulge feature incorporated, it appears
that even fuel assemblies with spacers of the
original design may perform satisfactorily.
(Spacers of the original design are compa-
ratively cheaper and easier to fabricate.)
Some fuel assemblies of this design have
already been installed in the reactor on an
experimental basis and are performing well as
expected.

Some of the other problems encountered
related to the main coolant pump bearings
and the check-valves at pump discharge. The
problem of oil leakage from the oil-lubricated
bearings was due to design deficiency. This
was temporarily solved by incorporating a
leak-collection system and recycling the lea-
ked out oil back to the bearing oil lubrication
system. Towards a long term solution, grease
lubricated bearings were developed and insta-
lled in one of the pump-units on a trial basis.
Performance over long periods of operation is
being assessed. After gathering some more
operating experience, the bearings on the
other two pump units will also be replaced by
grease-lubricated bearings.

Vibration of the disc of the check-valves
installed at the discharge of the main coolant
pumps and its mechanical interaction with
the arm of the check-valve was resulting in
excessive wear. This problem was solved by re-
locating the check-valve at a greater distance
from the pump discharge and also by
changing its orientation.

Radio-isotope production was commenced
immediately after re-start of the reactor in
November, 1986. Two special assemblies are
presently installed in the reactor for production
of miscellaneous radio-isotopes. One assembly
has also been installed for long term irradia-
tion of cobalt samples for production of cobalt-
60. One more assembly for cobalt irradiation
is expected to be installed shortly.

Data on performance of various reactor
systems with the reactor operating at its rated
power has been collected and analysed. It has
been found that performance of all the syste-
ms is generally satisfactory and is in con-
formity with design expectations.
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Fig. 5. Dhruva process water pumps and process water/ sea water heat exchangers.

Utilisation of the reactor has attained good
momentum. Some of the beam hoJes are al-
ready being utilised for neutron diffraction
experiments with several other experimental

set-ups at various stage of installation.
Facilities for hot and cold neutron sources are
also in the process of installation.
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Flow sheet for recovery of uranium from copper tailings
by gravity concentration

The tailings of copper beneftciation plants
of Hindustan Copper Limited in the Singhb-
hum District contain trace quantities of
uranium (70- 100 ppm) and this constitutes
an important source for uranium (~ 130
TRY). Based on process know-how developed
in the Ore Dressing Section, gravity benefici-
ation plants were set up by UCIL at Surda and
Rakha with a capacity of 1000 TPD to process
the copper tailings and recover uranium. A
pilot plant based on similar process was also
set up at Mosabani. These plants make use of
wet shaking tables as concentrating devices.
The plants at Surda and Rakha recover
35-40% of uranium values present in the
feed, while at Mosabani only 18-20% of the

An Integrated Process Flow-

sheet for Recovery of Uranium

Values from Copper Tailings

values are recovered. A thorough analysis of
the plant data indicated that the suboptimal
uranium recovery was due to the poor separ-
ation efficiency of wet concentrating tables in
fine particle size ranges, wherein significant
uranium values are distributed. It is therefore
imperative to improve the efficiency of upgrad-

ation of fine particles in order to maximise
uranium recovery.

An integrated gravity beneficiation flowsh-
eet (Fig.) was developed with this aim. The
flowsheet incorporated classification of the
feed Into coarse and fines streams, processing
the coarse stream on wet shaking tables and
the fines stream on special gravity separation
machines particularly suited for separation in
fine sizes, the Bartles Mozley Separator (BMS)
and the Cross Belt Concentrator (CBC). These
machines use the theory of flowing thin film
concentration and Bagnold phenomenon
aided by an orbital shear motion to improve
separation efficiency in fine particie size
ranges. In the flowsheet tested the feed is
classified in a CTS wet stationary screen at a
cut size of 100 ̂ m. The coarse stream is
treated on Deister or Wilfley shaking tables,
and the fines stream on a BMS. The rougher
BMS concentrate was further, upgraded in a
cleaning circuit using another BMS or a CBC
depending on the enrichment required. The
ultrafne particles (< 7 /jm) of uraninite not
separated in the BMS circuit are recovered in
a small diameter hydrocyclone as overflow.
With this flowsheet it was possible to recover
50% uranium val'ies from the Mosabani plant
tailings and 65% from the Surda and Rakha
tailings during laboratory tests.

The integrated gravity concentration flow-
sheet was tested on a 6 TPH pilot plant set up
at Mosabani plant site using full scale CTS-
268 screens and plant size 40 deck BMS
machine. The results indicated that it is po-
ssible to recover about 40% of uranium values
with a mixed concentrate grade of about 500
ppm U3 O8 from the Mosabani plant tailings of
grade 70-80 ppm U3O8> which is a substant-
ial improvement over the 18% recovered by
wet shaking tables. Similarly it should be
possible to improve recoveries to about 60% in
the case of Surda and Rakha tailings by the
use of this flowsheet, from existing 35-40%.

Short of direct leaching, which at present
may not be techno- economically feasible, the
integrated gravity beneficiation flowsheet is
the most attractive alternative to maximise
recovery of uranium values from the copper
plant tailings.
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Fig. 1. Flow sheet Jor recovery of wolframite from quartz
vein ore, Degana.

Degana in Rajasthan contains vast low to
very low grade ore deposits of tungsten, a
strategic metal required for defence pro-
grammes. Our requirements of tungsten are
now mostly met by imports. Spurred by the
imperatives and for developing indigenous
resources, extensive tests were carried out on
the feasibility of beneficiating the low grade
deposits of Degana.

Of the different types of deposits occurring
in Rajasthan, the quartz vein type (tenor 0.15
to 0.5% WO3) and the granite type (0.03 to
0.1% WO3) are important. A process flowsheet
has been developed to recover wolframite from
the quartz vein type deposit. The flow sheet

Beneficiation of Low Grade

Tungsten Ore from Degana,

Rajasthan

involving gravity concentration (jigging and
tabling) of classified products of crushed ore,
followed by flotation and magnetic separation
(Pig. 1), is capable of yielding a marketable
grade product
recovery.

( + 6 5 % WO,) at + 65%

The granite-type of ore, though is of very low
tenor (0.03 to 0.1 % WO3) and finely dissemi-
nated. Is very vast; estimated to be about 108
million tonnes. Besides, the granite is a poten-
tial source for lithium, analysing on an aver-
age 0.1 to 0.15% L13O. After extensive labora-
tory tests a flowsheet involving preconcent-
ration by wet high intensity magnetic separ-
ation followed by flotation of mica and gravity
concentration of flotation sinks has been sug-
gested (Fig. 2). The final upgradatlon is carried
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Fig. 2. Flow sheet Jor recovery of woffreunite from gra-
nite ore. Degana.

out by magnetic separation and flotation of
sulphide minerals. Starting from an ore assay-
ing 0.04% WO3 it was possible to obtain a
wolframite concentrate analysing 2 0 - 2 5 %
WO3 at 45% recovery. The mica concentrate
obtained as a byproduct analysed 0.8 to 1.0%
Li2O. Enhanced tungsten recovery and con-
centrate grade are expected from ore of higher
tenor. 0.1% WO3. Further upgradation to mar-
ketable grades can be achieved by chemical
methods.

While the flowsheet developed for benefici-
ation of the quartz vein type Is economically
viable, the economic feasibility of the granite
type ore will depend on the tenor of the ore
and winning of lithium as a byproduct.
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Schematic diagram of the evolution of Mundwara igneous complex

The Mundwara alkali-carbonatlte complex,
Rajasthan, Is a veritable museum of igneous
petrology and contains a bewildering variety
of plutonic. hypabyssal and volcanic rock
types. Geochemical and petrologlcal studies
indicate that differences in the volatile cont-
ents of the magma in the three plutons of this
complex have given rise to a multitude of rock
types. The magma was emplaced in the three
plutons in three successive major pulses. Due
to differential solubility of H2O and COa. ths
first pulse of magma at Musala predomi-
nantly contained CO2 and has led to the rare

Evolution of the Mundwara

Alkali-Carbonatite Igneous

Complex, Rajasthan

type of differentiation by immiscibility, result-
Ing in a suite of rocks with high charge density
(HCD) cation depleted felsic members. The
mafic members of Musala range in compo-
sition from melteigites to essexites and foidal
melasyenites and the felsic members contain
nepheline-. sodalite and leuclte-syenltes. The

intermediate pulse of magma at Mer, contain-
ing fairly equal amounts of HZO and CO2, has
given rise to a calc-alkaline suite of rocks, with
the residual carbothermal solutions resulting
in the exotic carbonatite veins highly enriched
in rare elements like REE. U. Th, Ba. Sr, Nb
and Ta. Pyroxenites. gabbros, essexites.
theralites and nepheline-, sodalite-syenltes are
the plutonic members of this pluton. The last
pulse of magma at Toa contained more H3O
and has given rise to a cumulophyric layered
suite of rocks with the residual hydrothermal
solutions enriched in the incompatible ele-
ments such as Rb. Sr, Ba, Nb and Zr. Feld-
spathic periodotites, gabbros and gabbroic
anorthosites with sparse foidal syenites con-
stitute the plutonic members of this suite of
rocks.

The complex was assumed to be of about
600 Ma by the earlier workers but fission track
and K-Ar dating of this complex has given an
age of about 65 Ma. establishing the con-
temporaniety of this complex with Deccan
volcanic activity.

8 7Sr/8 6 Sr Initial ratios of the Musala
rocks range from 0.70459 to 0.70524, testify-
ing to the mantle origin of the source magmas
of this suite.
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JWirros/mrfurr of A!-U alloy as cast (U after zirconium addition IRI

MICRODENSITOMETRIC SCAN SHOWING rue r,SS|LE 31STHlB'JTIC\ IN A

'KAMINI ' FUEL PLATE

EXPECTED DISTRIBUTION 6S ing/cm' (Nommal)

Reprocessing dfufsion supplied Juel material Jor
Kamini reactor

Uranium-233 Based Alloy Fuel

for Kamini Reactor

A neutron source reactor, Kamini, is coming
up at JGCAR, Kalpakkam, mainly for neutron
radiography of fuel pins. This lest reactor
will have a compact core consisting of 72
aluminium clad Al-20% 233U plate fuel ele-
ments assembled in 9 fuel subassemblies of 8
fuel plates each.

The major fabrication steps are :

- recovery of 233U as oxide from irradiated
thorium

- hydrofluorination followed by calciothermic
reduction to obtain 233U metal

- melting, casting and hot/cold rolling of
A1-233U alloy meat

- picture framing in aluminium

- roll bonding, fuel meat location (by radio-
graphy ) and trimming to final dimensions

Radiography, ultrasonics, metallography
and blister tests are employed to evaluate the
fuel quality at various stages of fabrication.
The innovative developments made in the
Kamini fuel fabrication flowsheet are :

(i) zirconium addition in small quantity to
the Al-U melt for improving the microstru-
cture and minimising the formation of
brittle UA14 phase

(ii) microdensitometric scanning of X-radio-
graph for ensuring the homogeneity of
233U distribution in the fuel plates

(iii) novel roll swaging technique for fixing the
fuel plates in the aluminium sub-assembly

(iv) recovery of 233U from process scraps

Uranium-233 bearing fuel elements have
been fabricated and assembled. Some fuel
elements have also been fabricated with Al-
23% Pu alloy.



mat
Various stages of KAMINI fuel fabrication
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Double-dished UQ, pellet: (a) longitudinal Section, (b) Pellet as such
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Mlcrostructure of double-dished UO3 pellet

Production Trials with Double

Dished UO2 Pellets and

Depleted UOa

Production trials have been successfully
completed on an industrial scale to establish
the feasibility of fabrication of high density
UO2 pellets having dishing at the top and
bottom ends for PHWR 500 and high density
depleted UO2 pellets for neutron flux flatten-
ing in existing and forthcoming PHWRs.

The double dished UO2 pellets were fabri-
cated via the conventional "cold-pressing and
sintering" route followed by centralised grind-
ing with an overall acceptance rate greater
than 85%. The depleted UO2 was fabricated
from as-received UO3 powders obtained from
the spent fuel- reprocessing plant by sieving,
milling the hard granules, pre-compaction,
granulation, coating with solid lubricant, final
compaction, dewaxing and sintering. The overall
acceptance rate was more than 80% in a
once-through cycle and could be further
improved by dry recycling of clean rejected
pellets.
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Fuel element

Spacer grid

Post Irradiation Examination

of Dhruva Fuel

Excellent condition of Dhruva fuel elements and spacer
grid of modified design after about 4000 hrs. of in-reactor
operation

The hot cells of BARC were extensively
utilised for post irradiation examination (PIE)
of Dhruva fuel assemblies. The PIE reports
provided valuable feed-back information to
designers and fabricators and helped in under-
standing and overcoming the flow induced
vibration problems that had earlier led to
excessive fretting wear of the cladding. Recent
PIE of 3 fuel asemblies of modified design
which had operated in the reactor for 4000
hours revealed conclusively the excellent per-
formance of Dhruva fuel in terms of dimen-
sional stability and fretting behaviour. These
findings gave the necessary confidence for
uprating the Dhruva power level to 80 MWt.
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"The electropulsed column assembly for the tn-situ
reduction of plutonium installed in a glove box"

Reducing the Complexity

and Cost of Reprocessing

The Reprocessing Group is continuously
striving to develop new procedures, techni-
ques and hardware for reprocessing. Signifi-
cant results have been obtained recently in
the on-going studies undertaken io apply
electrochemical methods to Purex process.
These are efficient, more cost effective and are
free from the operational constraints faced by
the conventional chemical methods followed
hitherto. A prototype electro pulsed column
fitted with titanium cathode and titanium
substrat insoluble anode (TSIA) has been
designed, fabricated and installed in a glove
box for the in-situ reduction of plutonium.
After conducting extensive inactive trials the
unit has been successfully operated with
simulated process stream solutions bearing
uranium and plutonium in varying propor-
tions. High plutonium stripping efficiency has
been obtained in these runs and the aqueous
product stream is found to have low uranium
content, thus avoiding the two successive
separation steps normally required to attain
the desired product purity. Preparations are
underway to scale-up the operations with a
larger column to be Installed in the process
cell.
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"The TDC312 Data Acquisition System in prefre plant

Computer adds a New

Dimension to the Operation of

Reprocessing Plants

The complexity of reprocessing operation
is compounded-by the necessity (o carry out
all the operations remotely with the help of
instrumentation. The operating parameters
have to be critically controlled to attain the
desired process objectives. A large amount of
data are being generated at every stage of the
process. A quick analysis of the data is
imperative for an accurate assessment of the
process performance and for taking corrective
action under off-normal situation.

A beginning has been made towards acqui-
sition and processing of the operational data
on a real time basis by using computers. The
data acquisition systems installed in both the
operating reprocessing plants continuously
evaluate the process performance and also
compute the material balances to forewarn
the operators of the constraints to the through-
put of the plant and to the quality of the
product. All the application software for these
were prepared within BARC.
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"Spent fuelfrom Dhruva being charged Into the dlssolver
in the plutonlum plant at Trombay"

Trombay Reprocessing

Plant crosses Yet Another

Milestone

The plutonium plant at Trombay continued
to maintain its all round excellent perfor-
mance in the processing of spent fuel from the
research reactors. It crossed an important
milestone in its history when it started pro-
cessing, for the first time, the fiiel discharged
from Dhruva reactor. The campaign for repro-
cessing the fuel from the initial discharge
made by the reactor was completed.
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"Supply Fans for the main building (KARP) being un-
loaded"

"Construction of KARP dtssolver celt in progress'

Kalpakkam Reprocessing

Plant Project makes Steady

Progress

To treat the spent ftiel arisings of the
Madras Atomic Power Station (MAPS )fa repro-
cessing plant is presently under construction
at Kalpakkam (KARP). The first phase of
construction of this plant has been completed
on schedule. This consists of the low block
building which will house the control room
and several auxiliary systems and service
buildings. In the second phase the high block
building where all the active areas are located
is under construction. A series of thick
concrete cells in which the crucial process
system will be located for operation remotely
with the help of sophisticated equipments and
instruments are being built now. Detailed
engineering design of the process and utility
systems is in progress. Special features have
been incorporated in the design of the plant to
ensure continued availability of reprocessing
capacity throughout the life of the power
station and also add facility for reprocessing
spent fuel from the Fast Breeder Test Reactor.
Kalpakkam. A significant aspect of this project
is the introduction of a computer based Manage-
ment Information System (MIS) and the
Computer Aided Design and Drafting.
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The spent fuel storage pond in prefre plant"

Tarapur Fuel Reprocessing

Plant meets the Additional

Plutonium Requirement for

Fast Breeder Test Reactor

(FBTR)

"The To Te shielded casts containing the spent power
reactor fuel lifted from the wagon at Tanipur railway
siding."

To meet the additional plutonium require-
ment for fiaelling the Fast Breeder Test Reactor,
the Power Reactor Fuel Reprocessing Plant at
Tarapur (PREFRE) undertook the processing
of the spent fuel from the PHW power reactor
in two campaigns. The fuel processed in these
campaigns, due to shorter out of pile cooling,
had contained relatively much higher levels of
fission product activity than had been handled
till now. The problems encountered on account
of the high activity of the fuel were success-
fully tackled and the commitment for supply
of plutonium was met ahead of schedule.
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Fluidized bed reactor Jor incineration of radwaste

Fluid-Bed Technology

Development for Radwaste

Treatment

The fluidized bed reactor system fabri-
cated from Inconel-600 with ancillaries such
as screw feeder, cyclone separator and gas
scrubbing unit, has been commissioned and
tested to incinerate polystyrene type ion-ex
change resins which are used in the nuclear
industry. The resin (both dry and wei type)
has been successfully screw fed inside the
fluidized sand bed at 750" C and incinerated
completely leaving behind only traces of ash.
The process thus establishes the technical
feasibility of reducing economically the volume
of radwaste by (i) burning the combustible
resins at relatively low temperatures, and (ii) im-
mobilising/ trapping of cesium and cobalt
over the flu'.dised bed material.
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Formation of stable free radicals in solid
amlno acids like alanine and glutamine on
irradiation is being used for radiation dosi
metry. The free radicals are estimated by
ESR technique. This method, though very
accurate, is not suitable for routine dosimetry
because of the high cost of ESK instrument.

An alternative read out technique based on
spectrophotometry has been developed at
Division of Radiological Protection of BARC.
The method involves the oxidation of ferrous
to ferric tons when irradiated alanine/glu-
tamine powder is dissolved in an aqueous
solution (IOC) containing ferrous ammonium
sulphate and xylenol orange in 0.05 N sul-
phuric acid. Ferric ions thus formed form a
complex with xylenol orange which is mea-
sured spectrophotometrically. The change in
the absorbance is a function of absorbed dose.
The reproducibility is better than ± 2%. The
following empirical relationship was derived
for evaluating absorbed dose from measured
absorbance.

For alanine.

D = (9.74 x io3)/ ( —— J-2.10

where AS2S = absorbance at 525 nm, and D =
Dose in Gy

For glutamine.

(38.6 x io6)/

A New Dosimetric Technique

for Radiation Processing

Plants

Where A540 = absorbance at 540 nm, and
D = Dose tn Gy

The important characteristics of the tech-
nique are given below :

1.

2.

3.

4.

Composition of FX
solution
Ferrous ammonium
sulphate
Xylenol orange
Sulphuric acid

Weight of powder
dissolved in 10 ml
of FX solution

Wavelength of
measurement

(/. max)

Dose range covered

Alanine
dosimeter

0.20 mM

0.20 mM
0.05 N

50 mg

525 nm

0.01 to
4kGy

Glutamine
dosimeter

0.20 mM

0.1 OmM
0.05 N

20 mg

540 nm

0.1 to
100 kGy

Alanine / glutamine dosimeters were sent
for gamma irradiations at Institute of Isotopes
(INISO). Budapest: and ISOMED. BARC. Both
electron (10 MeV) and gamma irradiations
were done at RISO. Denmark. 500 keV
electron Irradiations were done at Austrian
Research Centres (ARC). Vienna. The results
of dose intercomparison studies are given in
Figs. 1 and 2 and Table 1. It is seen that
agreement between nominal and measured
dose values is very good.

Table 1. Intercomparison of glutamine and FWT60
film dosimeters for 500 ke V electrons at
ARC

Dose rate Glutamine Film Glutamine
(kGyS ') value value Film

(kGy) (kGy) ratio

5.4
27
27

31.0
29.8
41.7

30.0
30.0
40.0

1.03
0.99
1.04

Average ratio = 1.02

The response of dosimeters is independent
of dose rate and temperature variations en-
countered In processing plants. Alanine does
not show any post irradiation fading. Irra-
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diated glutamine powder is stable for about a
month, fading is less than 2% upto three
months later and Increases to only about 5%
over a period of six months.

(1) Long term post irradiation stability of free
radicals formed in alanine/glutamine makes
this technique very useful for postal dose
assurance service where transfer of dosi-
meters is involved.

(2) This method is also useful for determining
dose distribution within irradiation volume
of a gamma chamber.

(3) It is very simple, inexpensive, convenient
and accurate method of dosimetry for radia-
tion processing plants.
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Block diagram of radiation field analyser

This system was developed for dose dis-
tribution measurements in a tissue-equivalent
medium exposed to 60Co and accelerator
beams required for treatment planning in
radiotherapy and acceptance testing of units.
It comprises a 40 cm cube perspex water
phantom inside which a 0.1 cm3 ionization
chamber or a miniature p i n diode can be
moved in an XV plane by stepping motors and
positioned at any point to a spatial resolution
of ± 0.1 mm. A transport carriage with water

A Microprocessor Based Water

Phantom Dosimetry System

for Radiation Field Analysis of
60,'Co and Accelerator Beams

reservoir and pump makes the set-up of the
phantom quick and easy. The ratio of currents
from one of these detectors to a reference
detector is fed to an A/D converter. An optio-
nal compact film densitometer, designed using
an LED as the light source and silicon pho-
tovoltaic light detector mounted in a frame

driven by the same motors, extends the use of
the system to scan the density of the pro-
cessed film for radiation field analysis; the
provision of control signals to the motors and
acquisition of data are achieved using the
microprocessor. The XY/detector position and
the dose or density data are displayed on the
instrument. The microcomputer is interfaced
to a teleprinter. Various beam parameters
such as CADD, dose profile, penumbra are
directly provided on the XY recorder with the
facility of printout of dose matrix. Isodose
curves can be constructed by using the method
of decrement lines. The plotting accuracy is
± 1% or better. The optical density range is 0-
3.5 (linear) with a resolution of ±0.01
density. Maximum area scanned on iilm is
27 cm x 30 cm. This project has been com-
pleted.

Water phantom dosimetiy system with film scanner
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Typical tsodose contours/or hypothetical releases Jrom NPPsuperimposed on the site map. Clockwise
Jom top left hand corner- RAPP site. MAPP site, Trombay site and TAPPsite.

A coloured graphic software package to
evaluate the radiological impact of atmos-
pheric releases in the event of an accident has
been made operational on a PC. The programme
is site dedicated and projects the isodose
curves on the site map.

The programme is user interactive with
system prompts for source and meteorological

PC Based Isodose Curves for

NPP Sites

data input. The source data should include
the data on the quantities of noble gases and I-
131 released both at the ground and stack
levels. The programme library chooses the
proper mix of noble gases for dose compu-
tation which include five isotopes of Kr and six
isotopes of Xe.

Operator may exercise one of the many
options offered during the execution of pro-
gramme. These are

i) plot isodose curves for thyroid dose only

ii) plot isodose curves for the whole body
dose which includes the plume dose and
the weighted dose equivalent of thyroid
dose

iii) to include or not the dose from ground-
grass-milk thyroid route

Computed values of centreline dose at a
few nodal distances upto 100 kms. are dis-
played on the screen to help the operator
input the dose values lor plotting of isodose
curves. Present package can plot a maximum
of three isodose curves. Another package is
developed to compute the ground deposited
activity concentration and the resulting dose.
Iso-activity contours can be plotted to
delineate the site area for a given activity
concentration. The programme also computes
the area under the isodose curves.
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Fig. 1 Terrestrial mdlatton map CJ-U grapMcsl

The knowledge of background radiation
and its variation from place to place is very
essential for comprehending the man-made
radioactivity and its impact in course of tech-
nological developments involving nuclear
sciences. To obtain the information on back-
ground radiations in whole of India, two types
of methods were used :

(1) Direct measurement of all external radia-
tions including those of terrestrial origin
and those from cosmic rays. The measure-
ments were carried out using thermolu-
minescent dosimeters. This was done at

Background Radiation

Measurements

214 locations scattered all over India. Based
on four quarterly integrated readings to
cover all seasons of the year, average per
caput dose equivalents were calculated for
each of these locations. The mean natural
radiation per caput for the whole country
works out to be 690 ± 200 (16) uSv per

year. The per caput natural radiation dose
equivalent in different states of India is
shown in Table 1.

(2) Terrestrial natural radiation levels were
assessed based on the primordial radio-
activity (U, Th and *°K) of the- rocks of
different areas of the country. Estimates of
primordial radioactivity from as many as
4100 sites, covering the entire country
with a 28 km interval grid, were made.
With the help of specially developed soft-
ware for generating 3D computer graphics,
multicoloured as well as monotone maps
were prepared bringing out the fluctuating
profile of radiation across the individual
states and the country as a whole. Such a
map for the country is shown in Fig. 1.

Table 1. Dose Distribution in Various States
and Union Territories of India

State/Territory Natural Radiation

Andaman
AP
Assam
Bihar
Daman
Delhi
Diu
Goa
Gujarat
Haryana
H.P.
J & K
Karnataka
Kerala (excluding monazite areas)
Laccadiv
MP
Maharashtra
Meghalaya
Orissa
Pondicherry
Punjab
Rajasthan
Sikkim
Tamil Nadu (except monazite areas)
Tripura
U.P
W.B.
Monazite areas

Average

per caput
uSv/yr

450
1065

8 2 0
875
490
665
4 0 0
6 0 0
490
800
960
755
580
595
275
5 9 0
3 7 0
720
855
855
6 8 5
6 1 0

1040
705
6 2 0
9 1 0
740

5760

6 9 0
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Terrestrial radiation map (3-D colour graphics)
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Fig. 1. Photograph of the chamber petrofitted to the X-
ray unit.

In most developed nations, the largest
man-made radiation dose to the general popu-
lation comes from routine medical X-ray dia-
gnostic procedures. With a view to reduce the
patient dose in diagnostic radiology, the total
dose administered to the patient during rou-

A Novel X-ray Transmission

Ionization Chamber

Dosemeter for Patient Dose

Measurements in Diagnostic

Radiology

tine examinations should be measured accu-
rately. A simple, inexpensive dosemeter which
could be recommended to hospitals in deve-
loping countries, has been developed. The
detector is a novel rugged X-ray transmission
lonization chamber which could be either
mounted on the housing of the light beam

diaphragm of the X-ray unit or used as a
stand-alone system with an image intensi-
fier-TV-monitor. Figure below shows the cut-
away view of the X-ray transmission chamber.
The chamber utilises a commercially avai-
lable RF screen as the wall material in a
parallel plate configuration. A digital varactor
bridge electrometer serves to measure air
kerma. X cm2 of fluoroscopic and radiogra-
ph ic beams for the following range of opera-
tion of X-ray units with an overall accuracy
of ± 11% : Kilovoltage -50 kV-150 kV; Air
Kerma rate - few micro Gy, hr ~' to 10 cGy s ~ ',-
Focus to skin distance - upto 1.1m; X-ray field
size-up to 16 cm x 16 cm.

is 5 §
- 3 "

<=5 i

SI S

Fig. 2. Cut-away view of X-ray transmission chamber.

This dosemeter will be valuable not only in
enabling easy automatic survey of patient
dose but in providing additional information
to the radiologist as to enable a comparison
between necessary doses for different patients
and different radiological techniques.
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Biological Dosimetry for

Assessment of Radiation

Exposure

With the increasing use of ionizing radia-
tions for peaceful purposes, BARC has been
constantly vigilant about the safety aspects of
radiation exposure. The country-wide personnel
monitoring programme, under which 33,000
radiation workers are registered all over India,
has been supplemented by 'Biological Dosi-
metry' in recent years. For the assessment of
radiation dose received by an individual, bio-
logical dosimetry employs a cytogenetic method,
based on chromosomal damage in the peri-
pheral lymphocytes. During accidental expo-
sures where physical dosimetric measurements
are not available or may not be unequivocal,
biological dosimetry provides the only reliable
method of estimating the dose of radiation.
Over 300 individuals have been investigated
for assessment of radiation dose and chromo-
some aberration analysis was found to provide a
highly reliable biological dosimetric system,
independent of physical dosimetric measure-
ments, for the radiation monitoring programme.
Attempts are being made to validate an alternate
cytogenetic method based on micronucleated
peripheral lymphocytes to be used as a simple
and rapid biological dosimeter.
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Fig. 1. Average natural thorium burden in different
body organs. (Organ weights in parenthesis)

Bio Kinetics of Radionuclides

Measurement of radioactivity in the human
body forms an important part of health survei-
llance of radiation workers. The radlonuclide
burden In the individual body organs or in
total body can be assessed by sensitive techni-
ques of direct external counting or indirect
method of analysis of body fluids or excreta. In

the unlikely event of radioactive materials
entering the body In course of work in nuclear
Industry, the knowledge of their elimination
pattern becomes very important. In the health
surveillance programme each case of suspected
or proven intake of radioactive materials is
meticulously followed up. In the case of Pluto-
nium and Americlum lung clearance half times
in the range of 3 to 15 years are estimated in
different cases. Similarly for Uranium a clear-
ance half time of about 2.5 years is assessed
from lungs. These estimates are In contrast to
the model recommended by International Com-
mission on Radiological Protection (1CRP). which
places the lung clearance half time at 500
days for all insoluble aerosols.

Any radioactive nuclide entering our body
through ingestion or inhalation has two possible
courses: 1) it may be eliminated either through
exhalation or excreted through the digestive
system: 2) part of it may be uptaken in the
circulating blood directly from lungs in the
case of Inhaled material or through the G.I.
tract in the case of ingestion. The biokinetlcs
studies aim at determining the fractions of
uptaken material entering different organs of
the body, the residence time of these in the
respective organs and the elimination rale via
different excretory routes, e.g. urinary, faecal,
sweat, hair and nail. We have been studying
the biokinetics of thorium and uranium in
particular. A number of blokinetic studies can
be done in natural environmental conditions.
The intake can be measured by determining
the quantities of the material of interest in
food, water and air. The uptake In blood can
be assessed by measuring it in the blood
serum. Analysis of healthy body organs of
accident cases can be used to find the organ-
wise distribution in the body. Table 1 shows
the daily intake of thorium for a person in
Bombay environment. Figure 1 shows the
thorium content in different organs of the
body as measured from autopsies in Bombay.
The values in blood were measured from blood
donors. Such results are of great value to
formulate models for use in internal dosi-
metry assessments in the unlikely event of
intakes in nuclear industry.
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Table-1

TOTAL DAILY INTAKE OF THORIUM

Source of
Intake

No. of Concentration
Samples Range

Daily intake of thorium (jug/day)
Range *»* Mean

Whole diet"

Water* *

Air*

16 0.92-2.83
fog/kg)

0.01-0.04
fog/1)

0.25-2.46
(ng/m3)

0.81-4.29

0.01-0.05

0.006-0.05

2.24

0.03

0.02

Total 0.83-4.39 2.29

+ Weights of diet samples : 0.57-1.58 kg

* Daily intake of air-20 cubic meter

'* Daily intake of water- 1.2 litre

h* The mean value represents arithmetic mean. However, the median and the geometric
mean also were essentially identical.
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Fig. 1. Block diagram of duplex laser link system

Free Space laser link ND terminal connected to the
module

Free Space Laser Communi-

cation Link
Conventional digital communication

methods such as coaxial Cables, telephones,
microwaves, fibre optics, satellite etc. tend to
become prohibitive due to the high cost and
delays encountered in licensing approvals. In
such applications, today new generation of
infra-red laser communication method has
been found to be the best alternative for a

secured and reliable, short haul digital
communication.

A digital data link using semiconductor
laser communication system for interconnect-
ing Norsk Data (ND) computer and its interac-
tive terminals between various buildings has
been jointly designed and developed by Laser
Division & Computer Division, BARC, Bom-
bay. This is a reliable free space, short dis'
tance digital communication link and offers
secured transmission. The system uses an
infra-red pulse laser diode for converting
RS232 signals from terminal to infra-red laser
pulses which are beamed to a photo-diode
receiver/amplifier located at the other build-
ing. The photo-diode receiver/amplifier con-
verts the infrared pulses back to RS232
pulses and passes on to the computer. A
similar set up of infra-red laser diode and
photo-diode receiver establishes a communic-
ation in the reverse direction. The laser link is
capable of operating at 9600 bauds in full
duplex mode and it has a range of about one
kilometer.

Fig. 1 gives the block diagram of the Duplex
Laser link system. Fig. 2 is the photograph of
ND terminal connected to the modem. The
photograph in the Fig. 3 displays the internal
structure of the Laser Link unit. Fig. 4 is the
same unit mounted on an adjustable stand.
Few such units consisting of two
trans/receives have been satisfactorily operat-
ing for more than a year. More such units are
being assembled for the distribution of com-
puter terminals in BARC. These units are low
cost, compact and easy to install.
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Free space laser link on a stand connected
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COMPOSITE
VIDEO
INPUT

VIDEO
INPUT
PROCESSOR

(SiONAL-
CONDITIONING ]

VIDEO..

SYNC. »

VIOEO DIGITIZER
I ADC),

FRAME STORE,

SYNC.SELECT

L 0 6 I C .

Block diagram of i ideoframe processor

A Video Frame Processor has been devel-
oped for viewing the radiographic images and
to. obtain on-line difference images for fuel rod
examination at CIRUS. The system digitizes
the video signal at 10 M Hz. rate and stores
the image data as a 512 x 512 resolution
frame in 64 gray levels.

The unit offers facilities for image enhance-
ment, selective gray windowing and stretch-
ing through look up table selection. Point

Video Frame Processor

RS 232 C

INTERFACE
JTO IBM PC/AT

:oi6.D*TA> OR
MINI COMPUTER

-COMPUTER
PROCESSED
OATA

ets

SYNC.

FRAME
PROCESSOR,
VIDEO D/A
CONVERTER,
DISPLAY
SELECT LOGIC.

operations like pixel to pixel subtraction are
carried out at 100 nano second intervals to
generate live difference images.

The system is of immense value for the
rapid comparison of complex objects, auto-
mated inspection of printed circuits and
radiographs, and for video template matching
to check alignment of assembly parts etc. The
speed of the system in recognising changing
scenes makes it a versatile instrument for the
detection of intruders and for providing alarm
in security applications.

The system has been evaluated in Central
Workshops for industrial radiography and its
importance in reducing considerably the per-
sonnel radiation exposure dose, has been ap-
preciated. In the quality control laboratory,
using the template matching technique, the
unit has been tested for displaying the opti-
cally magnified connur differences of fabri-
cated parts.
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Block diagram of photon counting system

A Photon Counting System which is a
versatile tool for the measurement of low
light levels and particle beam densities, has
been developed. It has wide applications in
ultra-violet spectroscopy, Raman spectros-
copy, mass spectroscopy, spectrofluorometry
etc. The system has been specially designed
to recover low level signals often encoun-
tered in Laser spectroscopy.

Photon Counting System

The unit consists of a fast pulse amplifier
discriminator, a prescaler, a linear and a log
count rate meter. A fast photomultiplier de-
tects low light signals which are generated
by the photons falling on the photocathode.
Amplifier discriminator features fast
electronic circuitry with pulse pair reso-
lution of the order of a few nano-seconds to
enable accurate measurement. The fast pre-
scaler extends the counting capability of the
standard linear and the log count rate meter
upto 100 MHz. Five ranges are provided in
both the linear and the log count rate meter,
which permit optimum measurement of low,
medium and high pulse rates.

The unit is housed in the standard NIM
bin with plug in modules. Front panel meter
indications and outputs are provided for
control and monitoring applications.
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Table 1. Baste numerals of the phonetic number system and their decimal equivalents

Our multifarious social, economic, and
security problems call for an all-purpose uni-
que identity number for each citizen of India.
After review of person-number (PN) systems in
vogue in many countries, it was concluded

Phonetic Code System for the

Identification of Indian

Citizens

that decimal PN formulae, which have been
successful in some countries, are impractical
for a vast country like India because it needs
more than 15 digits. To solve this problem,
BARC has evolved a new number system of
radix 128, whose basic numerals are formed
by modulating the sound of 16 soft conso-

nants and 8 clear vowel bases common to the
Indian languages, as described in Table 1. This
is the first time that the deep phonetic science
of Indian languages has been used to solve a
complex mathematical problem. Because of
the selection of its numerals on consider-
ations of sound, this number system is called
'Phonetic Number System'.

It utilises three fundamental properties of
Indian scripts-all their letters are mono-
sound; they have separate groups of vowels
and consonants with a uniform sequence; and
when a consonant changes its vowel base, it
does so by a diacritical sign retaining its
mono-sound and mono-letter character. In
this number system, there is basic equival-
ence of the numerical order and the alphabet-
ical order. Therefore, papers tagged with
phonetic numbers can be arranged In numer-
ical order simply by following the alphabetical
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S
DIGIT

2ND
DIGIT

3RD
DIGIT

4TH
DIGIT

5TH
DIGIT

6TH
DIGIT

PLACE-CODE

2O, 97,152 COMBINATIONS

BROAD
ZONE

MEDIUM
ZONE

SMALL
ZONE

PERSONAL-CODE
CODE FOR
YEAR OF

BIRTH
1ST CYCLE
1872-1999

2ND CYCLE
2OOO-2127

RANDOM NO.
128

VOWEL'CONS -
8 JONANT

1,O24
COMBINATIONS^*1-065

SERIAL NO. 'CHECK

SIZE: SIZE: SIZE:
ABOUT TALUK A, VILLAGE,

5 - 6 PARGANA, COLONY
DIST. CITY

Fig. 1. Structure of the phonetic code

sequence. Thus this system becomes work-
able by any Indian with even primary level
of education through any regional language.

The formula accepted by Government of
India to identify the citizens of this vast coun-
try, is a six digit self-checking phonetic code in
which the group of first three digits is called
'place-code', and the second group of three
digits, separated by a hyphen, is called
'personal-code' (figure 1). The 4th digit, repre-
senting year of birth, recycles after every 128
years making the system perpetual. The 5th
digit is a random number. The 6th digit indi-
cates gender and includes mathematical
check. Since all the arrangements are in
powers of 2. this system fits well in the binary
logic of computers.

The Phonetic Identity Code of any citizen
requires, first of all. the fixation of place code
according to a national grid. Then the Phone-
tic Code Book of the place is required to design
the personal-code. For this purpose BARC has
prepared a set of 16 volumes of code-books.

AGE*. POPULATION: ENDING ENDING
UPTO 3 0 , 0 0 0 VOWEL CONSONANT
t28 SOUND: SOUND'.

YEARS , MALE/ CHECK-
CUNABIGUOUS) FEMALE CODE

numbered 0 to 15, one of which fits for any
given locality. An electronic machine has also
been designed which is useful in the allotment
and verification of the code.

By this scheme, as a pilot project, the
permanent and temporary residents of age
more than 16 years have been allotted phone-
tic codes on photo-identity cards in the four
border tehsils of Rajasthan : Sri Karanpur
(Dist. Ganganagar), Pugal (Bikaner), Nachana
(Jaisalmer), and Chohtan (Banner). A fool-
proof design of the identity card, using cur-
rency note paper with water mark and lam-
inated seal, was also finalised in consultation
with BARC. In all. so far 1,52.291 peorJle have
been given such codified identity cards under
this scheme. It is likely to be extended to other
border areas in due course.

The present system of making civil identity
cards is relatively expensive, because of the
use of instant colour photographs. To bring
down the cost, development of an electronic
instant picture printing system is in progress
at BARC.
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Fig. i

Fig-2

Integrated Hospital Inform-

ation System for Tata

Memorial Hospital

A large hospital needs to have an efficient
file management system so that information
related to any patient is readily available with-
out any significant time delay. The realisation
that computers can store huge amount of data
In a very orderly manner and can make the
required information available at any moment

Fig. 3
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has resulted in the introduction of computers
for information management in hospitals. As
the Tata Memorial Hospital (TMH) in Bombay
is the largest and one of the oldest cancer
hospitals in India, the total number of patients
being treated by this hospital is very large: it
treats about 200,000 patients per year, many of
them from different parts of India and some of
them from the neighbouring countries. Every
year more than 20.000 new patients come to the
Tata Memorial Hospital. In order to streamline
the handling of Information related to each one
of these 200.000 patients, a super mini com-
puter with 20 terminals located at various places
of the TMH, such as the Clinical Labo-
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ratories, Diagnostic Centres, Intensive Care
Unit, Out-Patient Department etc. was instal-
led at the Tata Memorial Hospital. BARC, in
collaboration with TMH, developed an integ-
rated hospital information management sy-
stem. The software package Is aimed at better
patient care, and more effective clinical re-
search related to cancer; and it is designed to
encompass various vital activities of the hos-
pital such as on-line clinical database of pa-
tients' medical records, patients' appointment
schedule, admission and discharge of pa-
tients, special education and training of
nurses and doctors, retrospective analysis
and prospective clinical trials, epidemlolog-

ical studies and statistical analysis. The soft-
ware package also takes care of library and
medical information management, generation
of routine status reports and progress reports,
and it can provide answers to adhoc queries.
The software also includes packages for drug
inventory control and management Inform-
ation system. The system has been oper-
ational since 1986, and at present the data-
base contains detailed records of about
45,000 patients for the last two years. The
system developed for TMH Is probably the first
attempt in India on the development of an
advanced integrated hospital information sys-
tem.
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A-ZONE III CHARACTERISTIC BASED
ON INFEED CONDITION AT T-- 0-0*

B- RELAY RESPONSt

Fig. 1. Performance of remote back-up relays at R73
and R75.

The problems of remote back-up protection
in a large interconnected power system are
enormously complex. A systematic study of
the problems of remote back-up protection
has been made, highlighting the inadequacies
of the present methods of tackling these pro-
blems. The most difficult factor to cope with in
providing satisfactory remote back-up relay
settings is the infeed effect owing to the pre-
sence of intermediate infeeding sources be-
tween the relay location and the fault point. A
system approach for providing remote back-
up relay setting taking into consideration

Performance of Remote Back-

up Relays in Interconnected

E.H.V. Systems

steady state fault condition and actual system
condition has been proposed in the recent
past in the literature. The approach is a con-
siderable improvement over the earlier
method of providing remote back-up relay
settings. Through large number of case
studies it is shown that remote back-up relay

Fifl. 2. NREB system

setting which does not take into account the
effect of system dynamics on the back-up relay
performance, invariably results in remote
back-up relay maJoperation thereby reducing
system security. One typical case study is
given here. In this case study , a three phase
to ground fault was assumed to occur in the
middle of the line connecting buses 28 and 32
in the diagram shown in Fig. 1 which is a line
diagram of Northern Region Electricity Board
Grid System. For primary and local back-up
protection failure at the relay location R89,
the performance of all relays was evaluated.
The performance of remote back-up relays at
R73, R75 is shown in Fig. 2. It is seen from the
Fig. 2 that when the effect of system dynamics
is taken into consideration these two relays do
not operate as portion of the relay response
curve falls outside the relay characteristic. In
order to ensure operation of these two relays,
it is necessary to update the relay character-
istic such that the entire relay response curve
falls within the updated characteristic. The
updated characteristic will then prevent relay
maloperation. Hence, a total system approach
which not only takes into account actual sy-
stem conditions and steady state fault con-
dition but also dynamic performance of re-
mote back-up relays before providing remote
back-up relay setting, is advocated in order to
reduce or eliminate back-up relay
maloperation.

By means of a software package developed
for this purpose, back-up relay settings can be
updated so as to reduce or eliminate back-up
relay maloperation thereby improving system
security.
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Environmental doses around a nuclear
power plant are monitored using passive dosi-
meters such as TLD or portable survey instru-
ments at periodic intervals. This is not conve-
nient for the quick assessment of the radiolo-
gical consequences of atmospheric releases
during normal operation of a nuclear power
plant and more so in emergency situations.
Further, the transmission of the dose data
from installed monitors, using telephone
cables, is expensive and cumbersome. The
microprocessor-based telemetry system using
VHF offers an attractive alternative. A proto-
type of this system has been developed and
tested in the laboratory for deployment even-
tually at NPP sites. Commercially available

A Microprocessor-based

Remote Environmental Dose

Logging System using VHF

Telemetry

VHF transreceivers are modified so as to be
controlled with specially designed micropro-
cessor-based control systems. Any of these
units can be used as a master station to log
the dose data telemetered on command from
the other units. The details of the system are
given below.

The System

The system consists of a master unit connec-
ted to several slave units. All the units are
identical and consist of a radiation monitor
giving pulse output, a commercially available
VHF transreceiver with a specially designed
automated, compact Intel 8085 microprocessor
based command module and an I/O device for
master. The units can be operated from AC
power, battery or battery with a trickle charger
to ensure continuous availability of power.

The 15W BEL make transreceivers (type
GH301) are used for the telemetry which
works on a carrier frequency of 71.175 MI Iz in
the 68-88 MHz band. It has a useful range of
about 15 kilometers even in hilly terrain. All
the slave units and the master work on the
same frequency. The sets operate in the simplex
mode and has provision for selective calling.

The Intel 8085 based microprocessor system
has been designed to perform the dual func
tions of:
(i) Controlling the operation of the VHF sets

under programmed instructions from the
microprocessor.

(ii) Working as data logger, decoder and pro-
cessor.

A 7-segment 4-digit miniature LED display
enables the station code or the transmitted
counts to be displayed. One of the features
built in the design is the flexibility to make
any of the slaves to work as the master unit on
command using an I/O serial device like termi-
nal or printer together with a keyboard. An RS-
232C interface is provided for the purpose.
The software sets the necessary parametric
conditions needed to convert any slave unit to
master on command through the input device.

Any radiation monitoring device which gives
out TTL pulses as signal can be hooked to the
system. In case of a device giving an analog
signal a suitable converter has to be used to
convert the signals to appropriate TTL pulse
train. In the present system In operation at
Trombay a uR survey meter employing a plastic
scintillator detector is used. The monitor has
a reasonably linear calibration in the 0 to 100
mR/hr range. Its energy response can be
made to work within about 20%.
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Fig. 1. Keyboard layout of Devanagart alphabets.

- ' H 11 <?i 3

Fig. 2. National Anthem displayed In two fonts.

India has a rich and varied cultural heri-
tage, none displayed so clearly as in the multi-
plicity of the languages spoken by its people.
Inspite of this variety most of the Indian
languages resemble each other as far as their
phonetics are concerned. These phonetic fea-
tures are helpful in computerisation of text
processing in Indian languages. All the char-
acters of the language are formed using the
basic alphabets (Mulaksharas) and phonetic
combination of Roman alphabets maybe used
to generate Devanagari Mulaksharas.

Text Processing in Devanagari

Considering these characteristics of the
Indian languages, a text processor in De-
vanagari has been developed on IBM-PC using
BASIC programming language. New assign-
ments for Devanagari characters on the con-
ventional IBM-PC keyboard have been intro-
duced. This software program enables first:

(i) to have a hard copy on dot matrix
printer and

(ii) echos of Devanagari characters, like
English characters, on VDU screen.

DEFINITION OF DEVANAGARI
CHARACTERS : In Graphics mode. 0 to 127
ASCII codes are permanently defined by the
ROM-BIOS. Remaining 128-254 ASCII codes
have been selected for defining a Devanagari
character set.

PHONETIC BASED KEYBOARD
CONFIGURATION : Keyboard configuration
includes 14 Vowels, 34 Consonants, 2 Com-
pounds (KSHA, CYA). total 50 characters in
all. Devanagari characters are assigned to the
QWERTY type keyboard according to the
phonetics of the key. There are two layouts
possible, one requiring more key depressions
but phonetically relevant.and the other using
function keys for vowels so as to minimize key
depressions.
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Block diagram of data acquisition system using PV-detectorJor X-ray quality assurance.

There has been, over the years, an increa-
sing recognition of the need for quality assu-
rance in diagnostic radiology to achieve an
optimised and consistent radiographic image
quality and to reduce exposure to patients and
staff members. For attaining this objective,
various X-ray beam parameters which con-

A Microprocessor based X-ray

Quality Assurance Dosimeter

using a Photovoltaic Detector

tribute to and affect 1 mage quality and patient
dose, e.g. kVp, exposure time, output (air
kerma / mAs) and X-ray waveform, need to be
measured and analysed. The fact that, in
developing cour tries, there has been during
the past years a stupendous increase in the
number of diagnostic X-ray units without perce-

ptible concomitant Q.A. programmes has
accentuated the need for a Q.A. dosimeter. A
non-invasive system for testing and quality
control of X-ray units, using a commercially
available photovoltaic detector/operational
amplifier as a radiation dosimeter, has been
developed in the Division of Radiological Pro-
tection. This device has a uniform response
(within ± 6%) of about 4V.cGy"> min"1 (air
kerma rate) for X-rays over the energy range
of 50 kV-150 kV, small size, fast response;
low power requirement; negligible radiation
damage and excellent stability of response.
The detector does not need any polarizing
voltage or corrections for ambient tempera-
ture and pressure variations. An 8085 based
microcomputer data acquisition system, comp-
rising a comparator, divider, sample-and-hold,
ADC and DAC circuits, samples continuously
the ratio of X-ray intensities from a pair of
these detectors shielded by differential filters,
and stores them in the memory. The stored
data is used for the evaluation of kVp. kV
(mean), exposure time (or the number of X-
ray pulses), beam output as a function of
time. X-ray waveform etc. Only a single expo-
sure is required. Provision is made for off-line
display of X-ray wave forms on a CRO or an XY
plotter and print-out of beam parameters.
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Neutron diffraction has been extensively
used at BARC for studying magnetic and atomic
structure of materials. The angular distribu-
tion of monoenergetic neutron scattered from
any material contains information on its atomic
positions and atomic spin orientations. In
conventional diffractometers used till now the
distribution was measured by scanning a de-
tector around the sample under investigation

REACTOR
WALL

Fig. 1. A schematic layout of the dlffractometer

A Position-Sensitive Detector

Based Neutron Diffractometer

in appropriate angular steps. In order to speed
up data collection there is a trend all over the
world to design position-sensitive-detector based
diffractometers. First such diffractometer using a
one meter long detector has been designed
and fabricated at BARC and commissioned at
the 100 MW Dhruva reactor. This has speeded

up data collection efficiency by more than an
order of magnitude as compared to earlier
diffractometers at CIRUS.

The schematic layout of the dlffracto.nett •
installed is shown in Fig. 1. A cylindrical
Silicon monochromator Installed In a special-
ly designed cavity in the biological shield of
Dhruva reactor provides monoenergetic neu-
trons, whose energy can be varied in discrete
steps by rotating the Si crystal about its verti-
cal (110) axis. The scattered neutrons from the
sample are detected by a position sensitive
detector which covers a scattering range of 30°
at a time. The total scan can be carried out in
upto four steps.

The position sensitive detector, which was
also developed at BARC, is a gas detector
containing 3 atmos of He and 1.5 atmos of Kr.
The position, and through that the angular
encoding, is done using charge division method
with circuitary shown in Fig. 2. The efficiency

Fig 2. The counting electmnlcsjor the position- sensitive
detector
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of the detector is uniform over almost the
entire length and it has a resolution of 7 mm.

Some typical diffraction patterns recorded
on this Instrument are shown in Fig. 3, along
with the theoretical fit in one case. The resolu-
tion, Ad/d, of the instrument is 1.3% at

54.5-

d = 2A. The diffractometer is now being rou-
tinely used for various structural studies. It
has been used for measuring diffraction pat-
terns from crystalline ferrites, quasicrystals,
chalcogenide glasses and liquids, with smaller
sample size than hitherto used at CIRUS.
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Fig 3. Some typical dlffractograms :
(a) standard
(b) crystalline
(c) quastcrystal
id) glass, and
(e) Itquid
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The Physical Protection System (PPS) con-
sists of CCTV Surveillance. Metal Detector,
SNM Detector, Access Control, Interior Intru-
sion Detector, Perimeter Protection, Alarm Re-
porting Systems, and Communication
Systems.

The PPSs designed by BARC have been
commissioned and made operational by CISF
at IGCAR, Kalpakkam and at NPC.Hyderabad.

Physical Protection System

for Nuclear Installations

Some of the sub-systems, like computerised
alarm reporting system including graphic dis-
play, data-base system for historical record-
ing and personal data processing for Access
Control System have been indigenously devel-
oped and commissioned. A video decoder has
also been developed which reduces the length
of video cable and also facilitates the homing
of video camera on the receipt of an intrusion
alarm. An Image Grabber for security applic-
ations has also been designed which stores
and displays the image of the viewed scene at
the instant the alarm occurs.

PPSs for MAPS, Kalpakkam and RAPS,
Kota are under commissioning stage. System
Design for five heavy water projects -Baroda,
Kota, Manuguru, Tuticorin, and Talcher-has
been completed.

The know-how of Telecryptor System for
secured communication, high security
electronic lock, and infrared intrusion de-
tector has been transferred to ECIL.
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Fig. 1. Reconstructed Images with different number of
multiple views (N= number of scans/360")

Ultrasonic Imaging

Instrumentation

The state of the art ultrasonic imaging
instrumentation has been developed employ-
ing the Synthetic Aperture Focussing Techni-
que (SAFT). Ultrasonic tomographlc images
reveal cross sectional details of fabricated
metal parts which are essential for non- de-
structive evaluation in reactor, applications.

KUWIHUCTIS ovmn K» WOTUM • «•

(UCONStRUCIfO OUTPUT FOR APtRIUfl
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Fig. 2. Effect of Increasing aperture (N)

Modern digital signal processing techniques
Improve the quality of images for better appre-
ciation and to characterize the flaws.

In SAFT process, the time delays in the
time of flight of echoes are used to focus the
ultrasonic images by computing the path dif-
ferences. The generation of image frame com-
prises of data acquisition and image construc-
tion phases. In data acquisition phase, pulses
are transmitted and returning echoes are re-
ceived by the same element. A multiplexer is
used to switch the operation to the next
transducer-element and the data acquisition
process is repeated. Data memory is filled
with echo information from each correspond-
ing element in the multielement array. During
the reconstruction phase, the data Is dynami-
cally focussed into a 2-dimensional image, by
applying appropriately stored delays for each
pixel in the frame display.

In the software based approach, an ideal
reflector is modelled at the centre of a
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256 x 256 matrix plane. Using the pulse echo
technique and single transducer scanning
around the object, echo data is collected from
N equally spaced locations on a circle. Fn
figure 1, the reconstructed images are shown
corresponding to N = 8 and N = 40 to show
the reduction in noise clutter, with increased
number of scans. In figure 2, the reconstruc-
ted images corresponding to a multielement
array with 8 and 32 transducers are shown. It
can be seen that the sidelobes are reduced
and better image is reconstructed with the
increase In the number of transducers.

An ultrasonic 64 element real time imag-
ing system has been developed for viewing
details of flaws in metals. Each transducer
element is sequentially energised to generate
echo signals. A stair case waveform with the
same sequence is used to deflect the CRT spot
horizontally and the echo pattern, intensify
the dots, to generate the two dimensional
image of flaws. The system has been success-
fully evaluated at Atomic Fuels Division.

Efforts are underway to upgrade the sy-
stem and to enhance its capabilities for char-
acterizing the flaws.
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Block diagram of instrument maintenance expert system

Advances in Artificial Intelligence in the
field of knowledge based expert systems have
provided an efficient method for the fault
diagnosis of complex electronic instrument-
ation systems. Expert system emulates the
qualitative reasoning and heuristic ability of
the human expert in a specified field. The
inductive learning capability of the expert
system enables the selection of best rules for
deciding the location of the fault and the
appropriate maintenance action to be taken.
Necessary expertise encoded in the expert

Expert System for Reactor

Instruments' Maintenance

system would be readily available all the time,
not only for fault diagnosis but also for train-
ing inexperienced technicians in instrument
maintenance.

An expert system to aid in the on-line
maintenance of CIRUS reactor control and

INFERENCE ENGINE

(PROBLEM SOLVING *

REASONING PROCESS)

USERS INTERFACE

ADVICE &

EXPLANATIONS

C

FACTS A

OBSERVATIONS

OPERATOR

safety instrumentation channels, has been
developed using PROLOG language. Diagnos-
tic information for 24 nucleonic channels
comprising of 105 modules are included in
the knowledge base. The system isolates the
fault to the module level and suggests appro-
priate remedial action. User friendly interface
is provided through the keyboard and cursor
control movements. A dedicated window on
the CRT screen shows the operator the reas-
oning path taken to arrive at the maintenance
decision.

The expert system model consists of three
major components: (1) Knowledge base.
(2) Inference engine, and (3) User interface.
Knowledge base contains the explicitly de-
fined factual and diagnostic knowledge. Ob-
jects of the domain and inter object relation-
ships are represented in frames. Further, ac-
tive values or "demons' are attached to frame
slots to provide flexible operation control. The
rules are activated both in goal driven back-
ward chaining manner as well as data driven
forward chaining manner.
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An operator communicates with the sy-
stem by entering the fault informatU i n:e
alarm lamp status, meter reading, test ^oint
voltages etc. Based on this information the
expert system chooses the most probable path
for locating the fault and displays conclusions
and suggested corrective actions on the colour
CRT screen. During the course of diagnostic

action, the system asks for any vital inform-
ation which may be required to reach the
desired fault flnding goal. Additionally at any
instance the user can ask for the basis for a
particular conclusion reached or the reason
why a particular data has been asked by the
system.
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KAMINI' reactor:

The nuclear instruments for the KAMINI
Reactor have been fabricated using the state
of the art integrated circuits and were desig-
ned to achieve high reliability and stability.
Seven inch height modular construction
(modified NIM) is adopted for easy mainten-
ance and replacement. High MTBF has been
achieved by the low component count design,
use of military grade components and extens-
ive in house testing. Safe operation is ensured
by providing circuitry to monitor normal func-
tioning of the system. Elaborate built in test
signals are provided for on-line calibration
and quick fault diagnosis.

Nuclear Instrumentation for

KAMINI Reactor

The instrumentation provides the signals
for start-up, regulation and reactor shut down
over a wide range of neutron flux from 10"-1
nvto 10"9 nv.

Each channel incorporates a display
module with panel meters to indicate various

parameters, and LED displays to Indicate the
normal functioning of the system and the
status of alarms and trips. Each module In-
corporates trip circuitry to shut down the
reactor when the measured parameter ex-
ceeds the set limit.

The nuclear instrumentation consists of
the following independent channels which
generate the analog signals and trips corre-
sponding to Linear Power, Log Power, and Log
Rate Parameters using boron coated ion
chambers.

1. Log-Linear channel for reactor power
regulation.

2. Linear safety channel for protection.
3. Log rate safety channel for protection.
4. Multirange channel for protection and

indication.

Two instrumented pulse channels play a
vital role during Initial approach to crtticality
and source range monitoring. These channels
use a fission counter and a boron lined coun-
ter to provide count rate information and
associated s-Jety interlocks.
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BARC Dry Aerosol Generation/ Inhalation System

BARC Diy Aerosol

Generation/Inhalation System
Nebulizers have been widely used as aero-

sol generators in inhalation studies and aero-
sol research. The construction of these is
usually difficult because of th precision work
involved in making miniature holes.

The BARC nebulizers operating on com-
pressed air are developed from sections of

different guages of hypodermic needles of de-
sired lengths. The nebulizer can be fed from
a hypodermic syringe attached to a needle in
the usual way. The syringe can be attached to
a standard compressed-air coupling. The
nebulizer acts as an ejector drawing up the
liquid from a reservoir below the baffle.

Salient Features of the BARC Nebulizer

1. Can generate dry aerosols in the size range
0.2 to 4.0 /*m with associated a g of 2.0

2. Wide size range of aerosols makes it versa-
tile for various applications

3. It has large aerosol specific output (22 pM\
of air) and has low hold up volume

4. Very economical Costs only l/50th ofcom-
mercialy available nebulizer

5. Being made of stainless steel can with-
stand corrosion

Applications
The technique of using radio-aerosol inhal-

ation for gamma imaging of lungs in the field
of nuclear medicine, is of recent origin. Using
this nebulizer, an aerosol generation inhala-
tion system has been developed by which dry,
tagged and untagged aerosols can be admini-
stered by normal nose breathing to subjects.

Tc ""' aerosols have been used for the
following diagnostic purposes :

1. Chronic obstructive pulmonary dis-
eases and other pulmonary function studies.

2. Ciliary movement studies.

3. Pulmonary embolism, focal diseases etc
which have also been diagnosed by tagged
aerosol inhalation.

4. Using small particles of 0.2 fim and less,
generated from BARC nebulizer, good quality
lymphnode scientigraphs could be obtained.

This generator is also useful in filter test-
ing, calibration of detectors, delivery of drugs
and radio-pharmaceuticals by inhalation.
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IBM-PC Based Advanced 8K

Multichannel Analyser

A Multichannel Analyser is a primary tool
for data acquisition and analysis in nuclear
spectroscopy work. Sophisticated experi-
ments call for an exacting performance on the
part of the data acquisition system in terms of
throughput, data presentation, data process-
ing and system programmability. Such sy-

tBM-PC Based advanced 8K multl channel analyser
module

stems have so far been imported, with their
attendant cost and support problems. An indi-
genous system could provide an effective im-
port substitute If it can offer state-of-art fea-
tures at a reasonable cost.

With this end in view, an advanced 8K
Multichannel Analyser (MCA) has been devel-
oped at Computer Division. BARC. The IBM-
PC based system features high-performance
real-time data acquisition in Pulse Height
Analysis (PHA) and Multichannel Scaling
(MCS) modes. An external 8K-channel dual-
port memory enables acquisition with very
high throughput, characteristic of dedicated
hardwired systems. Concurrently, spectrum
processing can be carried out on the PC. In
addition, the system's stand- alone capability
allows the PC to be switched off or used for
non-MCAjobs after initial programming while
the acquisition can continue in the acqui-
sition module. Fig. 1 gives the block diagram
of IBM-PC based 8K Multichannel Analyser.

The compact MCA- specific hardware com-
prises (in addition to an ADC) a 2-bit NIM
"Multichannel Module" which acquires data
and interfaces to the PC for control, live/off-
line data transfer and display. Different para-
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IBM-PC Based advanced 8k multt channel analyser

meters are provided for control of acquisition
and the system can be programmed to auto-
matically execute a preset number of
acquire/analyse-and-report cycles unatten-
ded. A flexible system set-up permits wide
choice on acquisition parameters. Extensive
display manipulation features include live dis-
play, multiple region-of-interest. expansion,
continuous rolling and vertical scaling. Fig. 2
is the photograph showing the entire assemb-
ly and Fig. 3 shows the 8K Multichannel
Analyser Module separately.

The MCA package integrates commonly
required application programs (like energy-

calibration, smoothing, peak location, area,
centroid and ratio computation, normalis-
ation and spectrum stripping etc.) as internal
commands. An ND-Link software is available
through which data files could be exchanged
with Norsk Data computers for extensive ana-
lysis requiring resources beyond the IBM-PC.

The system was developed at the instance
of BARC-ECIL co-ordination committee. The
know how has been transferred to ECIL where
the systems are under regular commercial
production.
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[mage analysis system

Automated image processing and analysis
systems have cut a niche for themselves as
useful tools to process and extract information
from images. With the advent of low-cost high
performance PC families, there is a growing
need to implement such systems around PC,
which earlier were exclusively the domain of
large computers.

The system developed at Electronics Sy-
stems Division, BARC. is built around IBM
PC/XT (figure 1). It consists of a B/W TV
camera as the imaging device, a video frame
grabber to acquire a digitised image, an IBM
PC/XT to process and analyse the acquired
image, and a colour monitor for image display.

Image Analysis System

The frame grabber is a two card set plug-in
compatible with the PC. It accepts composite
video input (from any camera system) and
digitises the image with a spatial resolution of
256 x 2,56 pixels and intensity resolution of
64 grey levels. The detection is done by the
sub-system yielding a binary image within the

selected grey window. Image features lying in
the selected grey window are displayed in red
superimposed on the original grey image.
Various display modes are provided including
a pseudocolour option to facilitate the user. A
light pen interface is also provided for editing
images directly on the screen by marking off
regions of interest to be excluded from re-
stricting them to processing.

The software support package consists of
image handling utilities and a library of Image
Processing and Analysis Routines running
under the MS-Dos operating system environ-
ment. An online help facility summarises the
usage of various commands and their invo-
king syntax. All programmes are written in
the C programming language. The system
software is fully open ended for easy user end
upgradability.

Two such systems have already been in-
stalled at PMD and AFD, BARC. Similar sy-
stems will be supplied to other divisions in
DAE. These systems can also be used effec-
tively in the fields of metallurgy, medicine,
satellite imagery, cartography etc.
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MET Data

An Intel 8085 based meteorological data
logger and processor system developed in Health
Physics Division is currently in operation at
all the NPP sites of Department of Atomic
Energy-TAPS, RAPS and MAPS. The system
analyses analog signals from a number of
meteorological sensors like wind wane, ane-
mometer, solarimeter and thermometer. It
can currently handle 20 such sensors and,
after amplifying the signals to acceptable
levels (0 to 10 V), process them on a time
sharing basis sequentially. The analog signals
are converted to digital information using a
VFC and these in turn are converted to the
respective parameters by using appropriate
linear calibration functions. The system
acquires data for the proceeding one hour and
processes the data for mean, standard devia-
tion and maximum together with the stability

Meteorological Data Processor

class in the required format and prints the
output.

The system has been tested in extreme
climatic conditions upto 90% relative humi-
dity and 40°C for a month before installation
at the sites. To ensure continuity of proce-
ssing during interruption of AC supply an

auxiliary battery pack using a set of storage
batteries and a trickle charger has been deve-
loped. The DC power supply of 6 V and 12 V
needed is derived using 16 V output from the
battery which gets charged from a trickle
charger continuously. The arrangement can
handle power interruptions upto 16 hours.
This is in continuous satisfactory operation at
the TAPS site for the Jast 2 years. The output
device which needs 230 V AC is not in opera-
tion during such power interruptions. However
the outputting time is only a few seconds.

The meteorological sensors at MAPS and
at Trombay are mounted on the stack of the
reactors, unlike at the other sites where they
are mounted on towers. The output of the
stack mounted sensors are subject to wake
effect due to the stack. Two sensors mounted
on diametrically opposite sides of the stack
can give entirely different output. The crite-
rion used in such cases is to select the outputs
given by the set of sensors with the lower
standard deviation for wind direction. The
hardware and software of the system have
been modified to carry out this and it selects
the output with the lower standard deviation
for the previous ten sampling cycles. Such a
modified system is under trial at Dhruva at
Trombay.
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HPD 4K Multl • Channel Analyser

The HPD 4 K Multi-Channel Analyser deve-
loped earlier has undergone a number of
hardware design modifications. These are re-
designing of 4 PCBs including a newly desig-
ned HPD CPU card, multi layer PCBs card for
inter connecting of the 96 pin euro connectors
for the 4 PCBs. a cursor facility, RS-232 on-
board interface to enable it to be directly
coupled to any serial printer, VDU or a main-
frame computer/PC. These modifications have
greatly increased the dependability of the
system. The front and back panels have also

HPD 4 K Multi-Channel

Analyser

undergone modifications and provide a faci-
lity for selectable baud rate using a thumb-
wheel switch and a 96 pin euro connector for
further expansion of the system externally
such as multiplexer etc. The design has been
standardised to achieve the concept of an
"Assemble your own MCA" got fabricated by
an outside agency and together with the other
component units of ADC, display, and a bin +
power supply form a reliable system. 25 units
have been commissioned and are in use by
various groups at different locations.

The MCA incorporates a powerful system
software and gamma spectrometric pack which
is contained in 6 * 2 K EPROMs. The software
features includes selection of 45 ROIs stored
in battery backed RAMs, energy and efficiency
calibration, calculation of compton corrected
peak areas with standard deviations and fitted
energies, an isotope library, plot facility with
selectable speed and a repeat analysis facility.
Further user specified softwares can also be
incorporated in the spare memonr capacity
available in the MCA: many such software
packs for Pu isotoplc assay. U enrichment
assay and bulk monitoring are now available.
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CAMAC Instrumentation

The development of CAMAC instrument-
ation was taken up under the Vllth Five Year
Plan project, to meet the sophisticated re-
quirements in high energy physics research,
elementary particle physics studies, ac-
celerator control, pulsed !at.°r experiments
etc. A stand alone CAMAC Development
Station and various CAMAC modules have
been developed. The station provides facilities
for the testing of various CAMAC modules and
to set up nuclear instrumentation systems. It
features a twenty six position CAMAC crate
fabricated with a 4 layer back plane data way
and switch mode power supply. It is an intelli-

CAMAC Instrumentation

gent CAMAC controller with ROM resident
basic interpreter and firm ware routines. A
dataway display module monitors and dis-
plays all the CAMAC bus signals. A video
display terminal interfaced with controller
provides easy user interaction.

A general purpose development system
with controller interface for IBM-PC has been
developed. This development system is sup-
ported by standard CAMAC sub-routines writ-
ten in Turbo Pascal language. CAMAC sub-
routines for interrupt handling and assembly
language routines for CAMAC data transfer
protocols can be called from application
programs written in BASIC or FORTRAN.

Other standard CAMAC modules devel-
oped are :

1. 24 bit optically isolated output
Register/Gate.

2. 12-bit 8-channel DAC.
3. Histogram Memory for Nuclear PHA

applications.
4. 24-bit Manual input gate.
5. 12-bit 16-channel differential input ADC.
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Portable Processor

A portable Intel 8085 based microprocessor
card, 12 cms x 5 cms which works on a battery
supply, has been developed for use with porta-
ble radiation survey instruments. The card
housed in a rectangular aluminium box can
accept TTL pulses from upto 4 channels and
incorporates a 4 K EPROM containing the
software. The microprocessor is currently being
designed for use with a radon daughter product
monitor. The ZnS based alpha counting moni-
tor counts the radon daughter products from a
filter paper sample for a preselected time and
from the decay of the time dependent countrate,
the microprocessor works out the WL of the
radon daughter products and outputs the
results.

The TTL pulses from the monitor are fed to
a 16 bit binary programmable counter using
an onboard 8085. TTL pulses representing

Portable Processor

gross alphas from radon and daughter products
in 0 to 150 sec intervals with 30 sec delay in
between each counting time are received in
the microprocessor. The acquisition of data is
initiated by a push button switch and at the
end of each interval the counter is read. An
LED is put on by the processor to indicate the

acquisition of data. Finally the processor com-
putes the activities of the various daughter
products using the software stored in the
EPROM and hence the working level. A 4-seg-
mented multiplexed display driven by a software
logic is used to display the results. The re-
corded counts are displayed in a blinking
manner through the LEDs for 5 sec each and
the final result of WL is displayed in the end.
The end of acquisition and display of the
result is accompanied by a buzzer signal. The
display cycle can be repeated by a push button.

The board is also equipped with I/O inter-
face to enable it to be connected to a serial
ASCII printer and keyboard if needed. It
consists of an on board 4 K EPROM, 2 K 256
byte RAM and programmable I/O ports. The
board has facilities to receive simultaneously
4 inputs and carry out any type of processing.
User specified programmes can be incorpora-
ted in the EPROM to achieve other applica-
tions.
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The time dependent concentration profile
of atmospheric Hydrogen Peroxide (H2O2), a
reactive trace intermediate, is a direct indi-
cator of the level of chemical activity in the day
time atmosphere. However, in a clean atmos-
phere, devoid of manmade pollution, measure-
ments in the sub parts per billion concen-
tration range are extremely difficult, specially
in the presence of higher concentrations of
other chemically similar trace species like
Ozone and Nitrogen Dioxide. Thus, special
techniques are needed for minimising these
interferences and a highly efficient detection
system is also required for measurements of
such low (H2O2) concentrations.

A microprocessor (/jp) based sampler-
analyser has been designed and used for this
purpose at NRL, Srinagar. Its real time related
output data is linearly proportional to the
variation of the atmospheric concentration of
H2O2 over five orders (10" ' to 104 ppb). First
the sampling (pre concentration) of atmos-
pheric H2O2 is done in a fixed volume of
specially purified water using an impinger
with a known efficiency of 100%. The back-
ground level of H2O2 in the sampling medium
is low enough (between 2 and 5 nano molar) to
allow these measurements at a level of 0.1 ppb
with a S/N ratio of 10. Unwanted chemical
species dissolved alongwlth in the sampling
medium are removed before the measurement
in the aquous phase commences. This in-
volves the detection and measurement of the

A Microprocessor Based Air

Analyser for Sub Parts per

Billion Level Measurements

of Hydrogen Peroxide

highly efficient chemiluminescent (CL) output
of the reaction of H2O2 with alkaline 5-Amino -
2,3-dihydro-l, 4-phthalzinedione (Luminol).

The up acquires and processes the data
from the three subsystems : The real time
clock (RTC), chemiluminescence reaction light
detector (PMT) and the photometer to detect
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*
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solar actinic flux (Fig. 1) It also controls the
operation of the various valves and pumps of
the system sequentially. The three subsystems
are coupled to the up in the interrupt mode
while the valve and pump controllers are
supported on the 1/0 ports. The various seq-
uential operations controlled by the up include
the closed loop sampling of a fixed volume of
the absorber (water), air sampling for a user
selectable interval at a prefixed flow rate,
sample purification process and starting the
CL reaction by mixing the reactants in a
reaction chamber. An online direct signal
digitization process allows accurate measure-
ment of the H2O2 concentration for each
sampling event. Online calibration in the aq-
uous phase (Fig. 2) is done with a fresh batch

Fig. 2
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of standardised reactant (Luminol) before the
start of each cycle. The absolute concentra-
tion of H3Oj in ppb and the absolute power of
the solar flux in watts/m3 are printed along
with the sampling duration and the starting
time of the sampling on a dot matrix printer.

The additional features of the analyser are
as follows:
1. Facility to study time dependence of the

chemiluminescence output on an analog
recorder.

2. Direct digitization of the solar actinic flux
linearly over five orders of magnitude for
correlation studies.

3. Warning signal beyond a prf *t ambient
concentration level of H2O2 to i. • ite high
levels of atmospheric pollution.

4. Similar wet chemical trace measurements
of other atmospheric active chemical species
like Oxides of Nitrogen, Ozone and Formal-
dehyde at ppb levels can also be performed
with slight modifications in the analyser.
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Precision Goneometer

Design and Development of

Precision Goneometers for

Neutron Spectrometers

Precision Goneometer

Precision Goneometers are the essential
instruments for neutron spectrometers being
used in neutron beam research work. As part
of the total indigenisation effort, the develop-
ment of a variety of Precision Goneometers in
sizes ranging from 230 mm 0 to 450 mm 0 has
been taken up by Central Workshops.
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Assembly of HCl Hadron calorimeter

Fabrication of Hadron

Calorimeter Chambers for

LEP

Two large and 4 small chambers in stain-
less steel Involving high precision fabrication
and machining operations have been built for
the end caps of the Hadron Calorimeter. The
EHEP group at TIFR and Central Workshops,
BARC have been responsible for the fabri-
cation of these chambers. These chambers,
after the final assembly at the Institute of
Physics. Aachen, West Germany, would be
Installed at LEP. an electron-positron collider
with a circumference of 26 kms, under cons-
truction at the CERN site near Geneva.
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Design and Development of

a Remote Tool for Cutting

Thick Walled Tubes

A remote tool for cutting thick walled tubes
has been designed and developed in CWS for
application in nuclear reactors. This tool is
suitable for tubes of bore dia. 70 mm and
above and wall thickness upto 20 mm.

This remote tool has been specially desig-
ned for maintenance and repair work in a
nuclear reactor system.

In view of the restricted or limited space
and in an environment which demands remote
cutting operation, the tool has been made very
compact and built in modular form.

The individual modules can be modified to
suit any specific application. The photograph
shows the general arrangement of the drive
and tool feeding mechanism. This module is
attached to a boring bar, the other end of
which is attached to a cutter body. A provision
is made for positive indication for radial and
axial movement of the too]. Both the axial and
radial feeds are motorised.

This tool will be used at one of the reactor
sites.
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Explosive Welding of Tube

to Tube Plate

Copper

Stainless steel

Monel

Incoloy

Zircaloy

Tubes and Impactors

Though explosive welding of tube to tube
plate is a viable and established technique
and commonly used In many countries, it has
not been exploited at all in our country.

There are several advantages of this tech-
nique of bonding metals over other techniques
such as mechanical expansion, fusion welded
joints, etc This is a single operation technique
offering strong joints even on thick walled
tubes / tube plates in a variety of metals.

A recent advance in this technique is the
impactor technique enabling higher velocity
explosive to be used in the parallel configura-
tion.

The development work in this type of weld-
ing has been undertaken In CWS. Bonding of
tube to tube plate on a 21 hole array has been
carried out successfully in monel, incoloy,
zircaloy, copper and stainless steel tubes to
stainless steel tube sheet.



E.B. welding of R.F. resonator component

E.B. Welding of R.F.

Resonator Assembly in OFHC

Copper

The quarter wave R.F. resonator assembly
in OFHC Copper for the MEHIA Project demands
a high degree of precision and surface finish.
The finished machine components have to be
welded at a depth of 600 mm and yet meet the
dimensional accuracy.

The state of the art technology of Electron
Beam Welding with an indigenously built
welding chamber and CNC Work Table has
been employed to successfully assemble the
components meeting the exacting specifica-
tion.
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Fabrication q) inconel catalyst tubes Jor heavy water project

Fabrication of Inconel

Catalyst Tubes for Heavy

Water Project

Seventyone catalyst tubes involving
precision welding of INCONEL 625 and 800 H
alloys have been fabricated as spares for the
Heavy Water Project (Thai ). Work on these
tubes of 80 mm dia.and 12 metres length
Involved radiography quality butt weld joints
by orbital welding system. There has been a
saving of Rs. 35 lakhs in foreign exchange on
account of this indigenous development work.
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"The pick & place mechanism of the robot 1ABOT-180
being tested in the Fuel Reprocessing Divisions Labo-
ratoy"

New Remote Handling

Systems to Reduce the

Hazards of Handling

Radioactivity

The Remote Handling and Robotics Divi
sion is developing user specified remote hand
ling tools for reprocessing applications. A
Laboratory Robot (LABOT-180) to handle high
active samples, is under fabrication. The pro
totype of sub-assembly of this-"pick & place"
mechanism-is at present undergoing rigor
ous testing. With the application of these
specialised tools for operation and maintena-
nce the reprocessing technology can be made
absolutely safe.
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Entry Recombination
assisted

MODELS FOR DNA ENTRY

Entry without
Recombination
assistance A

15
Fig. I Models for DNA Entry

Genetic Transformation with

Chimeric Plasmid DNA in

Haemophilias influenzae:

Requirement for Recombination

Efficient extrachromosomal fixation of chi-
meric plasmid DNA containing sequences ho-
mologous to resident chromosome, during
genetic transformation requires the expres-
sion of rec genes (genes for recombination
proficiency) in H. influenzae. Taking into
account several observations of H.O. Smith
and his group and based on our data, we had

proposed a model in which it was suggested
that exiting or translocation of the chimeric
plasmid DNA from the transforrnasome is
recombination-assisted involving a physical
kind of facilitation for transport (Fig. 1). We
have now obtained new evidence supporting
the foregoing notion.

Earlier, we had isolated a mutant which
yielded differential transformation with chro-
mosomal DNA containing two linked markers
[nov str). Whereas wild type strain yields
transformants for the two markers roughly in
equal number, the mutant strain yields only
about one-hundredth of the Novr transformants.
Yield of Strr transformants is reduced by
about a factor of only two. noifrnoir, muta-
tions could not be induced suggesting a multi-
site or deletion mutation at or near the locus.
DNA of several different clones carrying seq-
uences of now, stf, nai or uvrl allele was
examined for their yield of Ampr transform-
ants. Extrachromosomal fixation was found to
be insert-dependent. A general rule was that
the reduction was maximal with nov clones
supporting the idea that a small aberration
In the vicinity of nov locus disrupts the
(physical) recombination requirement result-
ing in lower extrachromosomal fixation.
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Fig. I

Amplification and

Deamplification of DNA in

Escherichia coli

Tn9 is a transposon carrying a gene for
chloramphenicol resistance [cat gene). E. coH
cells harbouring tandem repeats of TnSon the
chromosome lose these repeats when grown
in the absence of the drug. This process, called
deamplification. results in decrease of
resistance to chloramphenicol. We have earlier

Fig. 3

described a mutation, dml. which controls
deamplification. We have now investigated the
molecular changes accompanying deamplifi-
cation. One mechanism of deamplification
could be homologous recombination betwen
the repeated units leading to their excision.
This should generate extrachromosomai DNA
circles containing Tn9 sequences. Earlier at-
tempts by other laboratories to detect such
circles have not been successful. Using a
combination of equilibrium ultracentrifuga-
tion in CsCl gradient and Southern blot analysis
with Tn9-specific probes, we were able to
monstrate the presence of such circles (Fig. 1
and 2). Electron microscopic visualisation pro-
vided further proof of their existence (Fig. 3).

Another transposon. Tn 1721. which
carries a gene for tetracycline resistance has
been developed as a model system for studying
the genetics of DNA amplification. A direct
correlation between the gene dosage (i.e.
number of copies of Tn 1721) and the level of
resistance to tetracycline has been noted.
Amplification of Tn 1721 has been used to
study the effects of various DNA-metabollsm
mutations, including the ami mutations iso-
lated by us earlier and various mutations
affecting recombination and repair. Several of
these mutations have significantly different
effects on recombination and amplification.
This indicates that tandem amplification,
though dependent on the products of various
rec genes, cannot be e cplained solely as a
recomtlnational redistribution among progeuy
chromosomes of otherwise normally replicated
sequences.
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Cloning and Characterization

of a DNA Repair Gene in

Haemophilus influenzae

At least two genes, uvrl and uvr2, have
been implicated in the repair of ultraviolet (uv)
radiation damage caused to DNA of H. in-

Jluenzae. Using a high-efnciency DNA cloning
vector pJl- 8, uvrl gene has been self-cloned
in H. injluenzae, Chimeric plasmid pKuvrl,
carrying wild-type allele of uvrl gene and
flanking DNA sequences, specifically comple-
ments a uvr I - mutation In the bacterial
chromosome (Fig. 1).A uvrl mutation could
be transferred from chromosome by in vivo
recombination to pKuvrl and Isolated and
designated as plasmid pKuvrl-. Plasmid
pkuvrl carries a 1.1.3kb chromosomal DNA
insert, which was scanned for the presence of
any other DNA repair genes by a novel method
of directed mutagenesis. Four new mutations
affecting UV-sensitivity were isolated using
this method. Their phenotypic characteristics
suggest the possibility of a gene cluster con-
cerned with DNA repair.
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A number of indigenous strains of R. melilotl
were Isolated from the root nodules of fenugreek
(Trtgonellajoenum-graecum). Strain Rm30
was screened for the presence of megaplasmids.
Conventional methods like alkaline denatura-

Isolation of Large Plasmids

from. Rhizobium meliloti

tion and ethidium- bromide-cesium cloride
density gradient centrifugation, did not yield
any megaplasmids. Only a plasmid of Mr 90kb
was observed (Fig. 1), using RP4 (56kb) and
R64 (108kb) as molecular weight standards.
Electron microscopy also suggested a com-
parable size for this plasmid.

fig. 2

This plasmid was probed for tii.2 presence
of nlfYKDH and the common nod genes from
R. tegumtnosarum and R. meliloti. No hybri-
disation was detected; thus there probably
was another megapJasmld which had not been
detected so far.

Another technique was then developed for
the isolation of these megaplasmids - namely
that of spooling the total DNA after precipi-
tating it with ethanol from a lysate containing
2M Nad. By this method we succeeded in
isolating another megaplasmid. This plasmid
was much larger than the 90kb plasmid and
banded alongwith the 200kb Ti plasmid of
Agmbactertum tume/aciens on an ordinary
agarose gel (Fig. 1). However, on a pulse field
gradient gel there was a difference in mobility
suggesting that thH plasmid is even larger
than 200kb (Fig. 2).
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Fig. 2

Initial Interactions in the

Legume-Rhizobium Symbiosis

Many legumes exhibit characteristic root
nodules inhabited by the nitrogen-fixing rhi-
zobia. Such symbiotic associations are the
most efficient of the known biological nitrogen-
fixing systems and have the potential for ex-
ploitation as biofertilizcrs in agriculture Early
events in the establishment of such symbioses

are very important since they promote initiation
of the symbiotic partners and also determine
the specificity of such associations. These
interactions have been investigated.

We have reported earlier that cowpea root
exudate contains compounds which enhance
the synthesis of capsular polysaccharide in
the specific rhizobium. In particular, the topo-
graphy and chemical composition of the poly-
saccharide is altered and results in increased
competence of the rhizobium for infection.

The target root epidermal cells in the no
root-hair region (but not in the mature root-hair
region) has now been shown to recognise the
'induced" rhizobium. or even its nascent poly-
saccharide, as an elicitor. In response to this,
the target root cells exhibit de novo synthesis
of plant specific proteins (Fig. 1 ) and subse-
quent root hair curling (Fig. 2 ). Root hair
curling is an essential step in the formation of
a nodule.

Synthesis of these nascent polypeptides,
which are the earliest symbiosis-specific plant
proteins detected so far, appears to be transient.
They probably play a crucial role in plant-
microbe recognition process.
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Fig.l

Conventional gel electrophoresis techniques
for separating DNA fragments are efficient
only upto a size of about 50kb (50,000 base
pairs). Larger DNA molecules adopt repetition
motion on those gels and their mobility becomes
independent of their molecular weight. Pulse
field gradient (PPG) gel electrophoresis extends
the effective range separation upto 1500kb. It
employs two orthogonal inhomogeneous electric

Construction of Pulse Field

Gradient Gel Electrophoresis

System for Separation of

Large DNA Molecules

fields switched on alternately at an interval
which can be adjusted between 1 to 100
seconds depending on the size of the DNA
fragments to be separated. Therefore, the direc-
tion of the electric field seen by DNA molecules
is altered at a regular interval. Because the
time taken by a DNA fragment to orient itself

Fig. 2

Fig. 3

along the electric field depends on its size,
larger DNA fragments move slower than the
smaller fragments. Furthermore, because of
the inhomogeneous electric fields employed,
the leading edge of a DNA band faces a weaker
field than the trailing edge. This results in
band compression and therefore higher re-
solution The PFG apparatus (Fig. 1) has facili-
tated separation of large DNA molecules (Fig.
2) and detection of giant linear plasmids (Fig.

j



172

Computerised Genetic

Sequence Databank

Genbank has been Implemented on J system
of Norsk data computer. Theoretical analysis
of the sequence, following retrieval, can be
carried out interactively by computer, for trans-
lation into amino-acid sequence, prediction of
molecular weight of the peptlde produced,
codon" usage frequencies, restriction enzyme
recognition sites, search for a string with
certain homology, direct and inverted repeats
etc.
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I
Structure Function

Relationship of Ribulose

Bisphosphate Carboxylase

Ribulose bisphosphate carboxylase/oxygen-
ase is the key enzyme involved in carbon
fixation in all photosynthetic org.v ;}•? is. In
spinach the enzyme consists of two subunits -
large and small subunits-both required for the
enzyme activity. In order to delineate the
structure-function relationship of this biologi-
cally important enzyme, limited proteolysis
was used as a tool. Limited digestion by trypsin
results in complete loss of enzyme activity
accompanied by approximately 2000 dalton
decrease in subunit molecular weight of the
large subunit (Fig. 1). The small subunit was
not affected. No changes in the structure (Fig.
2) or in the affinity for various substrates were
detected in the enzyme following trypsinisation.
."he results suggest that the N-terminal end of
the large subunit polypeptlde may be
essential for catalytic activity of the enzyme.
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Peripheral Micronucleated

Erythrocytes : A Simple and

Rapid Measure of

Chromosomal Damage in

Laboratory Mice

Numerical and structural chromosomal
changes are known to be associated with
several human disorders. Chromosome analysis
at metaphase. an established and widely used
cytogenetic technique to identify potential
agents capable of producing chromosomal
damage in mammals, is relatively a time con-

suming and tedious procedure. The mouse
bone marrow micro-nucleated erythrocytes
(Fig. 1 a, b) provide a simple and rapid measure of
chromosomal damage but are not suitable for
investigating accumulated chromosomal
damage or for undertaking serial observa-
tions. Recent studies have revealed presence
of micronucleated erythrocytes in the peri-
pheral blood of mice (Fig. lc). The migration
of these cells from bone marrow to the peri-
phery has been studied in an effort to validate
a peripheral micronucleus assay. Exposure of
mice to 1.0 Gy gamma radiation provoked a
high incidence of micronucleated polychro-
matic erythrocytes in the bone marrow. The
migration was quantitative and reached a
peak level at about 36h following radiation
(Fig. 2). Exposure of mice to 0.42 Gy gamma
radiation each day for 5. 10 or 15 days,
delivered at a relatively low dose-rate (0.21
Gy/hr) resulted in a significant and dose de-
pendent accumulation of micronucleated nor-
mochromatic erythrocytes in peripheral blood
and their levels remained higher than controls
until 3 weeks after the withdrawal of radiation
(Fig. 3). These experiments demonstrate the
suitability of peripheral micronucleat- i ery-
throcytes as a reliable measure of chromoso-
mal damage. The peripheral assay allows serial
observations on the exposed animals and pro-
vides a rapid procedure for detection of cumu-
lative chromosomal damage for assessment of
low-dose effects of radiation or chemical muta-

is in laboratory mice.
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Transmissible Genetic

Damage Following Paternal

Post-meiotic Exposure of

Swiss Mice

Mutations induced in the germinal cells
may be transmitted to future generations and
manifest as genetic diseases comprising mono-
genic conditions or chromosomal disorders.
Genetic effects of radiation exposure during
pre-meiotic phase of spermatogenesis have
been investigated in detail. Pote. ial heritable

risk due to post-meiotic exposure, however,
remains relatively unexplored. It is now well
known that majority of chemical mutagens
induce mutations in post-meiotic phase of
spermatogenesis. Therefore, it becomes neces-
sary to determine transmissible effects of post-
meiotic exposure, as well. Studies have been
carried out to determine transmissible genetic
damage in mice exposed, post-meiotically to
methyl methane sulfonate (MMS),a known
chemical mutagen. Male mice treated with 50
mg/kg MMS were paired with untreated females
during 7-10 days following treatment. The
mutation frequency based on dominant lethals
determined in utero was 51.9% in MMS exposed
group against 5.1% in controls. A higher inci-
dence of post-implantation lethal mutations
(23.7%), as compared to controls (8%) was
observed in the progeny of test F, males (Fig.
1). Likewise, the next generation test males
exhibited 13.5% lethals against 4.5% of controls.
However, the mutation frequency in the fourth
generation experimental group (7.6%) was com-
parable to the controls (7.1%). Dominant lethal
mutations are self-limiting as they are elimi-
nated in the progeny. It is, therefore, interest-
ing to note that other transmissible mutations
are induced which express as lethals during
early embryonal development in the subse-
quent generations and come to an equili-
brium by the 4th generation. The study clearly
demonstrates, for the first time, heritable genetic
damage expressing as lethals following post-
meiotic exposure to a mutagen.
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Severe vitamin-A deficiency is known to
cause sterility in mice. It was considered of
interest to study the effect of dietary deficiency
of vitamin-A on mammalian spermatogenesis.
The testicular DNA histogram of normal rat is
characterised by four main peaks represent-
ing sub-haploid (1CA), haploid (1C), diploid
(2C) and tetraploid(4C) cells (Fig. la). The 4C
cells comprise of G2 nuclei, premeiotic sper-
matocytes and G2 spermatogonia. The 2C
peak contains Gl spermatogonia, Gl-prelep-
totene spermatocytcs, secondary spermato-

Flow Cytometric Analysis of

Testicular Cells shows

Absence of Haploid Cells in

Severe Vitamin-A Deficient Rats

306

0 .1b

cytes, Leydig cells, Sertolli cells and other
somatic cells. Spermatogonia and primary
spermatocytes synthesizing DNA are recorded
in the S region represented between 2C and
4C. The haploid region is split into two peaks
on account of the different stainability of the
elongated (1CA) and round spermatids (1C)
and reflects the morphological and bioche-
mical changes occuring during the sperm
maturation process. Elongated spermatids are
characterised by highly condensed chromatin
structure that reduces the binding of the fluo-
rochrome.

Rats with mild vitamin-A deficiency did not
show any major changes but in severely defi-
cient rats the DNA distribution profiles of the
restes cells showed dramatic alterations (Fig. lb).
The pattern was characterised by only two
peaks ZAd a few cells in the S phase. Con-
spicuously, the haploid peaks were totally
absent indicating complete sterility of the
animals. The cells cycle analysis of testicular
cells of normal rats show 51.7% Gl cells.
10.3% S cells and 31% G2 -i-M cells. The
corresponding figures of severely vitamin-A
deficient rats were 96.5%, 0.4% and 3.1%.
respectively. These studies clearly show pro-
found interference in the spermatogenesis of
rats by severe vitamin-A deficiency.
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An inherited form of mental retardation in
man is associated with the appearance of a
fragile site on the long arm of X-chromosome
(position Xq27). The fragile site can be visua
lised microscopically in a fraction of the lym
phocytes cultured under specific conditions.
Due to certain limitations in the clinical and
cytogenetic expression of the syndrome, pre-

Restriction Fragment Length

Polymorphism (RFLP)

Analysis of Human DNA for

the Region Involved in Fragile- X

Associated Mental Retardation

dictive value of the presently available cyto-
genetic tests is low. Certain DNA sequences
from the human X-chromosome have been
cloned. Some of the restriction fragments ho-
mologous to these DNA probes show linked
length polymorphisms (RFLPs) that are located
close to the Xq27 fragile site and are inherited

with a high frequency with it. Diagnosis of
such individuals or those of carriers will be a
step in the direction of an understanding of

3 disease and ultimately pave the way for its

Some mentally-retarded individuals (males)
were examined for association among the
clinical features, appearance of the fragile site
on X-chromosome and the RFLPs. Two brothers
selected on the basis of clinical manifesta-
tions of the fragile-X syndrome (prominent
forehead and jaws, large ears and higher testi-
cular volume) showed an appreciable fraction
of cells with a high incidence of the fragile site
on X-chromosoine. The RFLPs shown by a
DNA probe cloned from the Xq27-linked gene
for coagulation factor 9 (F9) were examined.
Southern hybridization with the radioactive
DNA probe F9P1 showed six distinct bands of
homology in the human DNA cut with restric-
tion enzyme Taql. The patterns obtained from
DNA of a normal and two mentally retailed
individuals were identical but showed diffe-
rences from the pattern reported in European
studies. Screening more individuals would
establish if there are population-related differ-
ences in the polymorphic fragments and the
hybridisation pattern obtained with this probe.
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A Simple and Convenient

Enzyme-membrane Strip

Method for the Determination

of Urinary Oxalate Levels in

Kidney Stone Diseases

Kidney stones are chemicals deposited in
compact form. Approximately 70% of these
concretions consist of calcium oxalate. Seve-
ral pathological conditions are now recog-
nized that can lead to manifestation of hypero-
xaluria and consequently to stone formation.
The level of oxalate in urine serves as an

indicator of impending urinary tract stone
diseases. Therefore, the availability of a con-
venient method for ascertaining oxalate level
in physiological samples would be of con-
siderable diagnostic and therapeutic utility.
The assay of oxalate in urine has, however,
proven to be very difficult and many proce-
dures being proposed from time to time reflect
the continuing need of a simpler and rapid
method.

BARC has successfully developed such a
simple and rapid method which employs
enzyme-bound membrane strips. This new
method based on immobilized banana oxalate
cxidase and peroxidase in acrylamide mem-
brane makes it feasible for every laboratory to
perform oxalate assay easily. In this pro-
cedure, an aliquot of 10 microlitre of buffered
urine containing an oxidisable dye is shaken
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with 1 cm x 1 cm enzyme-membrane strip.
Oxalate is oxidised to hydrogen peroxide and
carbon dioxide by oxalate oxidase. The hydro-
gen peroxide reacts with 3-methyl-2-benzo-
thiozoline hydrazone (MBTH) and 3- (dime-
thylamino) benzoic acid (DMAB) in the pre-
sence of peroxidase to yield a blue indamine
dye. The colour developed is read at 590 mm
in a spectrophotometer or in a colorimeter.
The figure shows (i) the enzyme membrane
strips, (il) oxalate concentration dependent
linear increase in O.D. absorption,(iii) color
development in normal and abnormal urine
samples, and (iv) a simple spectrophotometer
required for color measurement.

Experiments carried out at BARC indi-
cated abundant occurrence of oxalate oxidase
in the banana fruit peeis. Realising the poten-
tial of its application in oxalate assay and in
enzyme therapy for stone diseases, a simple
and inexpensive procedure has been deve-
loped for the isolation of oxalate oxidase from
banana peels and immobilization of the puri-
fied enzyme in acrylamide membrane strips.
The assay procedure developed for the deter-
mination of urinary oxalate is simpler and far
more sensitive than the costly currently

available sophisticated methodology. Quanti-
fication of as low as 0.5 mtcrogram of oxalate
level per sample is possible within 30 mins by
this method. It can be performed even in a small
clinical laboratory by technicians. The enzyme-
membrane is highly stable and can be stored
at room temperature without loss in activity
for 6-8 months.

The socio-economic implications of uri
nary calculi disorders are enormous. The
frequency of urinary stone is rated at 0.1% in
the world and the cost attributed to manage-
ment of stone disease runs into billions. The
number of surgeries performed annually
throughout the world exceeds a million. The
high relative frequency of stone disease, the
causes of which are still not known, together
with the fact that these cannot be treated
chemolitholytically, make it essential, both for
reasons of basic research and prevention of
relapse, that we should be able to determine
oxalic acid in the urine of patients routinely. It
is expected that this method would be able to
serve that objective. The enzyme-membrane
strips can be prepared on large-scale and
distributed for use.
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A number of rapid screening methods for
assessing the mutagenic / carcinogenic poten-
tial of chemicals Is reported here. The
majority of the test methods use micro-orga-
nisms and are based on the property of che-
micals to cause forward or reverse mutations.
A method .was developed in the laboratory to
test the property of a chemical to interact with
cellular DNA and thus, in turn, its potentiality
to be mutagenic / carcinogenic. The method is
based on the ability of the chemical to arrest
the respiratory adaptation process (I.e. esse-
ntially mitochondrial biogenesis) in Saccha-
wmyces cerevistae cells. Anaerobically grown
cells of S. cerevtsiae are practically devoid of
mitochondria and the source of ATP in these
cells is solely through glycolysis. When these
cells are subjected to aeration for 2 hours in
the growth medium, mitochondria are formed
and this results in the concomitant acqui-
sition of respiratory ability by the cells - an
attribute that can be easily measured by
oxygen uptake in the presence of an oxidisable
substrate like succinate using an oxygraph.
Mitochondrial biogenesis is dependent upon
the presence of DNA associated with pro-
mitochondrial structures present in the ana-
erobic cells. It has been shown that very low
doses of UV radiation, ionising radiation or
chemical mutagens, at levels far below those

Sensitivity of Mitochondrial

Biogenesis in Yeast to

Chemical Mutagens: A

Possible Test System for

Primary Screening of

Chemical Mutagens

affecting cell survival.cause complete arrest of
the respiratory adaptation process. Other
studies indicate that this susceptibility is
mainly due to unique base composition cf S.
cerevistae mitochondrial DNA (which is
nearly five-times as large as mammalian mito-
chondria! DNA).Only a prior contact of the

cells with chemicals to be tested rather than
their presence in the medium during transi-
tion from anaerobic to aerobic state, was
sufficient to bring about the inhibition of
respiratory adaptation. Chemical mutagens
were found to inhibit respiratory adaptation
at concentrations which have no effect on the
respiration per se of aerobically grown cells.
Non-DNA acting chemicals, which interfere
with other cellular processes were,ineffective
in arresting respiratory adaptation when cells
were pre-treated with such chemicals followed
by the anaerobic-aerobic transition in the
absence of these chemicals. This difference
between the action of non-DNA acting che-
micals and that of chemical mutagens would
be an important distinguishing feature identi-
fying chemicals that impair the respiratory
adaptation process by interacting with pro-
mitochondrial DNA. Fig. 1 shows the typical
pattern of respiratory adaptation and its inhi-
bition by DNA-acting chemicals (MMS).
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Respiratory adaptation in S. cereulstae : Effect of a
typical chemical mutagen methyl methane sulphonate
(MMS) at the concentration oJ10~* M
Anaerobic cells undergoing transition —O—
Anaerobic cells pretrealed with MMS undergoing transi-
tion —•—
Aerobic cells —•—

Anaerobically grown cells of S. cerevlslae
were transferred to fr-esh growth medium and
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aerated. Allquots of cell suspensions were
withdrawn at regular Intervals, and rate of
substrate oxidation was studied using a GME
oxygraph. The inhibition is a clear index of
damage to mitochondria] DNA and, in turn, of
mutagentc effect of the chemical.

A variety of chemicals were tested for their
DNA-interacttng potentialities and compared
with the well known microbial mutagenic
system developed by Bruce Ames. The results
indicated that none of the chemicals found to

Table 1

MUTAGENICITY / DNA-ACTING
POTENTIALITY OP SOME
ENVIRONMENTAL CHEMICALS

Chemicals

Benzo (a) pyrene
(1 ^g/ml)
Aflatoxln
B, (0.4 /ig/ml)
MNNG(6pm)
LIndane (10 /ig/ml)
Hexachloro benzene

(10 pg/ml)
Acinol (1000 ppm)
Sevin (carboryl) (150
ppm)
Sodium benzoate
(300 ppm)
Potassium
metablsulphite

(200 ppm)
Sorbic add
(1000 pptn)

Inhibition Evidence for
of mutagenicity
respiratory by Ames*
adaptation test

Not known

be mutagenic in the other test, could escape
detection as a DNA-acting chemical in the
present system. Further, some known to be
non-mutagenic in other system, were also
found to be ineffective in arresting the respi-
ratory adaptation process, as can be seen from
Table 1.

The method for assessing respiratory
adaptation is simple and should be able to
handle the testing of several chemicals at a
time with ease.
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During the past decade there have been
increasing evidence to show that dk . plays a
key role in the onset and development of
cancer. With a primary goal to evolve a dietary
strategy to prevent cancer, BARC has conduc-
ted research on the effect of various food
components contributing to the carcinogenic
process induced by certain environmental
chemicals to which man is normally exposed.
Our approach in this regard has been very

6r

01 02 03 04 05
AMOUNT OF RETINOL (yumel )

Fig. 1, Effect of different, amounts of retlnol on the
enzyme catalyzed DNA adductjormatlon by the
carcinogen aflatoxin B, (AFBt),

Modulation of Carcinogenesis

by Dietary Factors

novel and is based on measuring modification
of molecular reactivity as well as biological
response of carcinogens. The methods adop-
ted to measure these two parameters involve,
respectively, the enzyme-mediated c-vvruent
adduct formation with DNA and, in addition,
induction of mutation in bacterial strains of

50 100 150 200
MOLAR EXCESS OF RETINOL OVER AFB,

Fig. 2. Inhibition of the muiagenic activity of AFB as a
Junction of increasing values of molar excess of
retinol or&L,* ouerAFB,. Specific mutagenlclty
(n salmonella typhlmurlum strain TA 100 repre-
sents His* revertants/nmol AFBl and Is expres-
sed as per cent of control.

100
AFB] IN nmc'.

1 28 (o)
0 96 ( • )
064 (a)
032 (» )

40 60 «0 tOO
MOLAR EXCESS OF Cu2*0VER AFB,

H
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Salmonella typhlmurlum. Both these para-
meters are associated with the carcinogenic
potential of a chemical. This approach has
established that minor nutrients such as
vitamins, trace elements and essential fatty
acids, and non-nutrients such as phenolic
compounds which are present in fruits and
vegetables have the ability to antagonize the
carcinogenic process induced by environmen-
tal chemicals like aflatoxin B p benzo(a)pyrene
and N-nitroso compounds. Among the stron-

gly effective antagonists are vitamin A (retinol),
Vitamin B2 (riboflavin). vitamin C (ascorbic
acid), vitamin BI2 (cyanocobalamin) vitamin
K (menadione), carotene, copper, zinc, seleni-
um, Unolelc add, ellagic acid, caffeic acid,
trans-cinnamic acid, eugenol, robinetin, quer-
cetin, flsetin and morin. Vitamin A and copper,
in particular, have shown great promise as
potential dietary anticarcinogens (Fig. 1
and 2).
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Most of the toxic chemicals such as drugs
and industrial as well as environmental pollu-
tants ingested by the body, effectively undergo
detoxification and excretion by two phases.
The first phase consists of cytochrome P-450
dependent enzymes which render them more
water soluble by oxidation, reduction or hy-
drolysis followed by their excretion out of the
body through the second phase by enzymatic
conjugation with normal metabolites which
include, mainly, UDP-glucuronic acid and re-
duced glutathione, among others. Whereas
detoxification is considered to be one of the
body's defence mechanism against chemical
toxicity, it has been recognized over the years
that the phase I intermediates of a number of
toxic chemicals are highly reactive with tissue
constituents such as DNA, RNA and proteins.
A characteristic feature of such toxic che-
micals is that f , activate their own metabo-
lism by inducing the phase I enzymes, produ-
cing highly reactive intermediates which, if
not rapidly eliminated, can give rise to malig-
nant tumours (cancer).

Recent research in our laboratories has
shown that nicotinamide, a vitamin metabo-
lite in the body required for coenzyme function,
when injected to rats in high doses (100
mg/kg body wt.) is also capable of bringing
about significant increases in the activities of
phase I and phase II enzymes. In systematic
experimental studies carried out with the liver
carcinogen diethylnitrosamine, requiring acti-
vation through the phase I drug metabolising
enzymes, it was shown that simultaneous
feeding of nicotinamide along with the carci-

Inhibition of Liver

Carcinogenesis by

Nicotinamide

nogen to rats significantly inhibited the meta-
bolism of the carcinogen resulting in inhi-
bition/delay In the process of malignant
transformation. Using biochemical as well as
histopathological parameters, it was shown
that rats receiving the combined carcinogen +
nicotinamide treatment (or 4 months did not

exhibit malignant liver nodules as against
frank hepatocarclnomas evident in rats fed
with the carcinogen alone for the correspon-
ding period. The 'combined treated' rats
survived more than twice the period of sur-
vival of the carcinogen-treated rats. Nicoti-
namide is suggested to exert Its preventive
action at multiple levels such as metabolic
activation of the carcinogen, as well as pro-
motion and progression of hepatocarcinoge-
nesis.
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WEEKS OF TREATMENT

Effect of combined Jeedlng of dlethylnltrosamtne
(DEN-2OO ppm) and nlcotlnamtde (l%)~both in
drinking water. 4 days/week- in rats on the acti-
vity of gamma-glutamyl transpepttdase IGGT). a
liver-tumour marker enzyme at various Intervals;
b- DEN Jed. a + b- Ntctotlnamlde + DEN Jed. Nl-
cottnamlde by Itself did not Influence the GOT
activity (not shown In Jig.). Group bt represents
Jrank hepatocarctnomas, the corresponding group
a4 + b, docs not exhibit any malignancy (note the
difference In GGT activity).
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Coronary heart disease (CHD) has pro-
gressed to become the leading cause of death
in the developed countries. In our country
also, the incidence of death due to heart
attacks is increasing year by year. Nearly 30
million people in the country are estimated to
be victims of heart diseases with the disease
spreading among the younger people in the
most productive years of life.

We now know that one of the major cause's
of heart attacks Is atherosclerosis which Is
characterized by a thickening of the walls of
the blood vessels due to the "deposition of
cholesterol. Cholesterol is carried in the
bloodstream by lipoprotelns : high-density,
llpoprotein (HDL), the protective form; and low-
density lipoprotein (LDL), the atherogenic
form. Excessive accumulation of blood cho-
lesterol and LDL-cholesterol (LDL-C) causes
injury to the blood vessel leading to aggre-
gation of platelets at the site of injury resul-
ting in thrombosis. The process of thickening
of arteries could start very early In life and
could remain undetected until it progresses to
manifest as high blood pressure and, if still
undetected and untreated, could finally lead
to a heart attack.

A number of risk factors have been identi-
fied as strongly associated with CHD : genetic
factors, high blood pressure, high blood lipid
levels, diabetes and cigarette smoking-which
are among the primary factors, the other
factors being obesity, lack of exercise, stress,
diets rich in cholesterol and saturated fats,
age and gender.

It has been a general practice to monitor
the total cholesterol (TO as a marker indica-
ting an individual's risk to CHD. At BARC,

Evaluation of Risk Factors

Pertaining to Atherosclerosis

more specific biochemical tests other than
plasma TC, have been performed which give a
better picture of an individual's risk to CHD.
These tests include determinations of LDL-C,
HDL-cholesterol (HDL-C), plasma total pho-
sphollpids (PL), platelet aggregation and the
llpolytic activity.

A gel permeation chromatographic proce-
dure for the separation of lipoprotelns has
been developed. Human plasma lipoproteins
were separated using a column packed with
Sepharose 6B superimposed with a layer of
Sephacryl S-300. The plasma lipoproteins
were resolved into 3 peaks comprising of (1)
very-low-density lipoprotein cholesterol (VLDL-
C),(2) LDL-C and (3) HDL-Cwlthln 3.5-4 hrs of
chromatography. The cholesterol contents of
these lipoprotein fractions were comparable to
equivalent fractions obtained by the standard
fractional precipitation method using phos-
photungstic acid and MgCl2, except that the
gel factions are less denatured and more
suitable for further structure / function
studies.

TC/HDW: RATIO

N d ] NORMAL CROUP

HYPERTENSIVE CROUI

D [ 3 J DIABETIC GROUP

The levels of plasma total cholesterol (TC). total
trtglycerides ITG). total phosphollptds (PL), very
low density Upoprotein cholesterol VLDL-C). low-
denstty Itpoprotein cholesterol (LDL-C). high-density
Upoprotein cholesterol (HDL-C). TC/HDL-C ratio,
body mass index, platelet aggregation and plasma
Upase activity In normal group (43 subjects), hy-
pertensive group (66 subjects) and diabetic group
(34 subjects). Results are expressed as mean ±
S.E.

P values : * < 0.05: " < 0.01: + < 0.025.-
£ < 0.005; **• < O.OOU N= not significant.

The lipoprotein and platelet aggregation
profiles were evaluated in the normal, hyper-
tensive and diabetic populations (Fig). A
statistically significant increase in the mean
TC (187.7 mg/dl vs. 171.16 mg/dl) and LDL-C
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(125.86 mg/dl vs. 111.18 mg/dl) was obser-
ved only in the hypertensive group as comp-
ared to normal subjects. This difference was
not observed In the diabetic group. A signi-
ficant Increase in plasma total triglycerides
(TG) and VLDLrC was observed in both the
groups. No change in the HDL-C was observed
in the hypertensive group (33.87 mg/dl vs.
36.16 mg/dl), whereas the diabetic group
showed a significant decrease in the HDL-C
(30.45 mg/dl). However. TC/HDL-C ratio was
significantly higher (> 5) In both hypertensive
and diabetic groups. Our evidence suggests
that this ratio (normally < 5) Is a better
measure of the atherogenic index rather than
the individual TC or HDL-C levels. An increase
in the platelet aggregability was observed in

the diabetic group (Fig). Platelet aggregability
was measured using a Whole Blood Aggrego-
meter.

The relationship between platelet aggre-
gation, lipase activity, age, body mass Index,
and plasma llpids and lipoproteins was evalu-
ated for all the study groups by calculating the
Pearson's correlation coefficients. It was
observed that an increase in TC was accompa-
nied by an increase in the atherogenic LDL-C
and TC/HDL-C ratio. This ratio was in turn
positively correlated with TG which is also an
independent risk factor for atherosclerosis. A
strong positive correlation between TC and PL
was also observed in all the study groups.
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Due to high solubility of the pesticides in
fats, some of the chemicals sprayed on oilseed
crops find their way into the end use product-
oil. In industry, the crude (unrefined) oil after
extraction is subjected to further processing
sequentially like alkali refining (removal of
Tree fatty acids), bleaching (removal of colour)
and deodorisation (removal of odour) to obtain
refined oil.

Refining of Vegetable Oil

Removes Pesticide Residues

When groundnut plants were treated with
DDT or carbaryl, no residues as parent
compounds could be detected in extracted oil;
however, contaminants like DDE or degra-
dation product like alpha naphthol were pre-
sent. With HCH (BHC). beta isomer was
present In greater amounts than alpha and

gamma (lindane) isomers.
Alkali refining and bleaching did not re-

move residues in groundnut oil containing
HCH and DDT but were effective in removing
considerable residues of carbaryl. Deodori-
sation removed most of the residues of DDT,
alpha HCH and gamma HCH. Beta HCH could
be removed only partiaHy by standard deodori-
sation conditions; however, increasing the
temperature and deodorisation period remo-
ved most of the residues. It appears that
deodorisation procedure is, eifective in redu-
cing the pesticide residues in oil to safe levels.

Removal of pesticide residues during
refining of Vegetable Oil

Refining Procedure

Unrefined Oil with "C
Pesticide
Alkali Refining
Bleaching
Deodorisation

Percent Present in
Vegetable Oil

DDT CARBARYL

97.8 98.0
87.1 3.7
89.6 2.7
4.3
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Fig. 1. Equal response of maize cropfertillzed with rock
phosphate and other processed phosphattcferti-
lizers.

Of the 145 million tonnes of rock phos-
phate reserves estimated in the country, about
30 million tonnes are not suitable for fertilizer
production. Indian rock phosphates were
characterized at BARC as fluorapatites and
francolltes, of which the latter are more effec-
tive for direct application to acid soils due to
their greater dissolution. Experiments have
shown that rock phosphates are equally effici-
ent when compared to other processed phos-
phatic fertilizers such as single superphos-
phate and diammonium phosphate in acid
soils. As a result. Indian rock phosphates are
now increasingly used as a cheap source of

Indian Rock Phosphate as

Fertilizer

phosphorus in acid soils. Use of rock phospha-
tes for direct application Is important for the
country as about 30% of the cultivable soils
are addle, where rock phosphates could pro-
vide a cheap source of fertilizer phosphorus
(cost of one kg PaOB from rock phosphate and
single superphosphate is Rs. 3.00 and Rs.
5.94, respectively).

J. Control Ino P). 2. Rock phosphate. 3. Single
superphosphate, 4. Dtammonlum phosphate 5.
Ammonium polyphosphate.

Due to their slow dissolution in acidic
soils, rock phosphates have potential residual
effects in terms of subsequent phosphorus
supply. Recent results of greenhouse experi-
ments have established that efficiency of rock
phosphates can be improved with addition of
organic manures. Experiments are now being
conducted to evaluate the use of partially
acidulated rock phosphates for neutral to
alkaline soils, since rock phosphates are not
suitable for direct application in such soils.
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Pesticides used for agriculture and public
health purposes ultimately reach the soil and
tend to reside there for a long time. The
problem is further aggravated by the impu-
rities present in the commercial pesticides.
Hexachlorocyclohexane (HCH or popularly
known as BHC) accounts for nearly 50% of the
total pesticides consumed in the country.
Technical HCH which is used for formulations
contains alpha (60-70%), beta (5-12%) and
delta (6-10%) isomers besides the insectici-
dally active gamma isomer (10-15%). There
are a number of reports on widespread occu-
rrence of beta HCH in food and environmental
samples. Hence there is a need to reduce these

Green Manuring Reduces HCH

Residues in Soils

residues in the soil environment to prevent
deleterious effects on soil fertility and further
carry over of residues to food through plants.

Experiments have shown that factors en-
hancing soil microbial activity decreased the
residence time (persistence) of HCH isomers
in soil including the most persistent beta

HCH. Agricultural practices of flooding in
combination with organic amendments like
rice straw, cottonseed cake or green manure
enhanced the degradation of HCH isomers.
Green manuring of paddy soils, a common
agricultural practice, considerably increased
the soil microbial and enzyme activity leading
to rapid degradation of HCH isomers.

A continuous flow system using UC labe-
lled beta enabled detection of these chemicals
in atmosphere, standing water and soil com-
ponents. This eventually led to total budgeting
of labelled pesticides added to soil. Formation
of volatile compounds like benzene and car-
bon dioxide was greater in green manure
amended than unamended soils. The extrac-
table residues decreased with green manu-
ring. Also the unextractable or bound resi-
dues formed were insignificant. Thus the
enhanced mineralization of both beta and
gamma HCH and insignificant bound resi-
dues levels with green manuring suggests the
usefulness of this method in reducing HCH
residues in soil.
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Fig. 1. SDS-Gelelectrophorettc patterns ofseed proteins
from groundnut genotypes (1) Spanish Improved
(SP): 12) TG-8; (3) TO-1: (4) TG-Wand (5) a mix-
ture qfSPand TG-1. The numbers at the margin
indicate molecular weights of the arachin poly-
pepttdes.

Genetic polymorphism of arachin, the
major seed protein of groundnut was observed
after electrophoresis (Fig. 1). The polymor-
phism was due to differences in molecular
weight, net charge and polypeptide compo-
sition of the native arachin. The genetic
experiments showed that there are, at least,
four genes coding for the arachin protein.
Each gene encodes a larger ( ~ 47 to 41 kD)

Seed Protein Genes of

Groundnut

and a smaller (21 kD) polypeptide held toge-
ther by disulphlde linkages. The two dimen-
sional electrdphoresis showed that the larger
polypeptides are acidic while the smaller poly-
petldes are basic (Fig. 2). Pulse chase labelling
experiment coupled with immunoprecipitation
of the newly synthesised arachin demonstra-

2. Two dimensional (isoelectric focusing/ SDS-
PAGE) separation of arachin from la) SP and
Ib) TG-18. The major polypeptides are shown in
the box. The track at the right shows molecular
weight markers.

Fig. 3. SDSgel electrophoretlc patterns of seed proteins
from groundnuts (a).SP. (b) Fx (SP x TG-1) and (c)
TG-1
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5 6 7

Track #

8 9 10 11

Fig. 4. SDS-gel electrophoretlc patterns of seed proteins
Jrom F2 seeds obtatnedjrom a cross between SP
and TG-i. Each lane represents the protein pat-
tern of an individual F2 seed.

ted the presence of proarachin which sub-
sequently undergoes post-translational modi-
fication Into mature arachin polypeptides. In
the hybrid (F,) between the variant arachin
types both the polypeptldes were present (Fig.
3) while In the second generation (Fa) the
genes for these polypeptides segregated Inde-
pendently-, recombinants with both the poly-
peptides missing were found (Fig. 4, track 4).
The genetic data revealed that the polymor-
phism of the arachin is due to the association
of the different kinds of polypeptldes coded by
the four different genes. The origin of variant
arachin genes was traced among the wild
diploid groundnut species. The genetics of
arachin provides evidence on the origin and
evolution of cultivated groundnuts.
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7'CJ-5. a day nculral./nit1

Jute Fibre is obtained from the two species
of Corchorus, namely C. capsularis and C.
olitorius. Both the species are extremely
sensitive to day length (photoperiod). They
flower early when exposed to short day length.

A Day-Neutral Jute

Growth in plant height ceases with flower
initiation and consequently the crop is not
grown for fibre during the period of short days.
A day-neutral plant type, having a long
vegetative growth phase before flowering
would be desirable.

A mutant (TCJ-5) with a long vegetative

phase was isolated in capsularis variety
JRC-412. Irrespective of the time of sowing
TCJ-5 grows for at least 100 days before
flowering. This mutant and the parent cul-
tivar were exposed to short photoperiod of 8
hrs which showed that TCJ-5 has a basic
vegetative phase of 100 days during which it is
insensitive to short photoperiods. The corre-
sponding phase in the parent cultivar was
only 25 days. TCJ-5 showed a similar respo-
nse in the jute growing regions of the country
also. It can be grown any time of the year
without (he risk of flowering before attaining
full vegetative growth. IVrtvalives of a cross
between TCJ-5 and an eiite cin;;var JKC-7447
are being tested in the evaluation trials of the
All India Coordinated Research Project.
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Organisation of Nitrogen

Fixation Genes nifK, nifD and

nifH in Heterocystous and

Nonheterocystous

Cyanobacteria

The enzyme nitrogenase, concerned with
the biological fixation of atmospheric nitrogen
is encoded by three structural genes (called
nifK nifD and nifH) in cyanobacteria. Although
the nitrogenase proteins and nif genes from
various bacteria exhibit considerable homology.
the organisation of nif genes seems to be

different in different organisms. Using mole-
cular genetic techniques, the nif gene organi-
sation in a nonheterocystous cyanobacterlum
Plectonema boiyanwfi and a heterocystous
cyanobacterium Anabaena torulosawas com-
pared.

Analysis of the hybridisation pattern of nif
gene specific probes to restriction enzyme
digested cyanobacterial DNA permitted cons-
truction of restriction maps of the nif region in
Plectonema and Anabena (Fig. 1). Compari-
son of these maps revealed striking differ-
ences in the organisation of nif genes in
heterocystous and non-heterocystous cyano-
bacteria. Anabaena showed a discontinuous
nif arrangement (characteristic of heterocys-
tous forms) spanning 18kb DNA with nifK
separated from nifDH by an 1 lkb sequence.
In contrast, Plectonema showed a contiguous
arrangement of MJKDH genes within a small
4kb cluster.

The 11kb sequence harboured the gene
xisA (fragment 207.65 in Fig. lb). In hetero-
cystous forms the xisA product induces the
excision of the 1 lkb segment during hetero-
cyst formation. This results in juxtaposition of
nifK and nifDH together in a cluster. Fol-
lowing this gene rearrangement the nif gene
organisation in heterocvsls resembles that of
Plectonema. No DNA homologous to the 11 kb
sequence or to xisA is found in Plectonema
which does not rearrange nir genes during
expression of nilrogenase, like the heteroeys-
lous form Anabaena.
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Characterisation of

Cyanobacterial Plasmids and

Cloning of Genes Related to

Nitrogen Fixation

Plectonema boryanum is a nltrogenfixing,
filamentous cyanobacterium. It is not amenable
to conventional methods of gene transfer. We
have cloned in E. coli some of its genes related
to nitrogen fixation. Three plasmids were de-
tected in P. boryanum and characterised as
1.5. 14 and 42kb in size. The smallest plas-

Fig.2

mid was cloned and characterised with the
objective of developing a vector system. Its
unique Clal site was utilised for cloning it in
pBR322 (Fig. 1). The native 1.5kb plasmid is
present as three copies per genome. Southern
hybridisation indicated that the plasmid forms
several multimers and/or to poisomers in
the cells. Cutting with Clal resolves all the
multimers into a single linear monomer (Fig.
2). The other two high molecular weight plas-
mids (14 and 42kb) or the chromosomal DNA
do not show homology to the 1.5kb plasmid.

The genomlc library of P.boryanum was
constructed in E.coft. It was screened to obtain
clones containing the cyanobacterial genes
related to nitrogen fixation by conducting
triparental matings of the pooled library with
mutants of E. coll and K. pneumoniae. Using
this approach, clones were obtained that com-
plemented glnA (the gene coding for enzyme
glutamine synthetase) deletion mutant of E.
colt. The cyanobacterial glnA expresses in E.
coll but the enzyme activity is noi regulated
physiologically. The niJH mutation in K. pneu-
moniae could not be complemented by the P.
boryanum genomic library.
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Light Regulation of the

UV-sensitivity in Cyanobacteria

It is believed tha t cyanobacteria evolved on
ear th when there was little oxygen in the
atmosphere . Being solely dependent on light
for energy, these organisms must have evolved
mechanisms to protect themselves from harm-
ful effects of solar ultraviolet radiation (UV)
which could not have been eliminated in the

Damage to
PSII

DARK REPAIROF DNA4PSII

GROWTH IN LIGHT

VIABLE CELL
Functional P S I l l ,
particles mow than
critical number I

absence of an effective ozone layer. A search
in Anidulans revealed (i) both the genetic
material and the Photosystem II of the electron
transpor t system are lethal targets of UV and
(11) visible light regulates the UV-sensitivity of
PSII by a novel mechanism (Fig. 1). The mecha-
nism involves light-dependent assocte ' ion of a
herbicide binding high turn-over protein (Bp)
with the UV-resistant state (PSIIx) to form a
UV-sensitlve but photosynthetically active state
(PSIIy). during the development of PSD. A model
shown in Fig. 1 shows tha t the light grown
cells are more UV-sensitive due to a pre-
ponderance of (PSIIy) targets. Dark repair pro-
cesses, following the UV exposure of light-
grown cells, regenerate fewer functional PSII
particles leading to their non-viability.
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Horizontal Gene Transfers to

Crop Plants

Methods for transferring DNA sequences to
tobacco using Agrobactertum tumefaciens
vector system have been adopted. In the first
transfer, Kan* (kanamycin resistance) gene,
was transferred to agrobacteria containing a
receptor plasmid (pGV3850). By infection of
tobacco leaf discs with the tailored agrobacteria.

Ptg. 2a

Fig. 2b

transformants for resistance to kanamycin
were obtained. Plants grown from these yielded
progeny which segregated {Fig. 1) either in a
ratio of 3 : 1 (5 progenies) or. 15 : 1 (2 pro-
genies) providing genetic evidence that in cer-
tain transformants more than one copy of the
gene is integrated both of which assort in-
dependently.

In a second transfer, nifHD (from Rhizobium
leguminosarum] sequences were spliced in
vitro to pGVl 103 at its Eco RI site. Because
plant signals were not incorporated no expres-
sion of these genes in tobacco was expected.
These genes were successfully transferred to
tobacco leaf discs and plants grown from
them had in their mature leaves the seq-
uences nifHD as detected by DNA hybridi-
zation.

Finally, we are working towards transfer-
ring B. thuringiensis crystal protein gene
which has been shown to impart resistance to
Lepidopteran pests in tobacco and tomato.
Part of the crystal protein gene has now been
cloned in E. coli (Fig. 2a, b). It has been shown
earlier by others that this part is sufficient to
impart resistance to insect pests. Transfer to
tobacco would be attempted in the next stage.
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Fig. 1.

Somatic Instability in Maize

Fig. 2

Transposable elements were first discover-
ed by Barbara McClintock in maize. Their
presence and activity is quite often reflected in
somatic instability. We isolated a maize cob
which showed somatic instability for aleurone
pigmentation (Fig. 1). The locus for this in-
stability appears to be / (Inhibitor of aleurone
color) which is on the short arm of chromo-
some 9. In a preliminary test to determine if
the instability in our stocks is due to the
known Ac (Activator) transposable element, it
was crossed to a ShlDs tester. No instability
for shrunken (Shi) phenotype was detected
indicating absence of an active Ac element in
our stocks.

In the / mutable stocks, occasionally a few
shrunken kernels appeared. These upon self-
pollination did not give fully shrunken kernels.
In fact, most of them phenotypically appeared
to be like wild type. However, in a test cross to
Shi stock, all the progeny kernels were fully
shrunken (Fig. 2).
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Fig. l.b

Soil salinity is an important agricultural
problem and concentration of salt (NaCl) is
the principal agronomic deterrent in saline
habitats. While a majority of crop plants fail to
grow even on moderately saline soils several
cyanobacteria have been found to inhabitate
successfully saline environments. Studies on
the mechanisms of cyanobacterial salt toler-
ance are of considerable importance to their

Salt Stress Induced Proteins

in Nitrogen-fixing

Cyanobacteria

application as nitrogen biofertiltzers in agri-
culture. We have shown earlier that sodium
exclusion, achieved primarily by curtailment
of Na + influx and by efficient efflux of the
cation forms the basis of cyanobacterial toler-
ance to NaCl. We have now devised methods to
qualitatively assess and quantitate cyano-
bacterial response to salt stress.

Exposure of a heterocystous, nitrogenfbdng
cyanobacterium Anabaena 1̂ 31 to salt, in-
duced synthesis of new proteins (Fig. la). Two
dimensional separation (Fig. lb,c.) identified
at least eight salt stress proteins (SSP), in the
molecular weight range of 20-35 kilodaltons
(and one around 80KD) and in the isoelectric
point range of 5.5 to 7.0, induced under salt
stress. A majority of these SSP were detected
in the cytosol. The response to salt was very
rapid and was dependent on the salt concen-
tration in the medium. Synthesis of several
other proteins was represented by salt. An
identical response was observed under osmotic
stress, applied as sucrose, but not during heat
shock.

The results provide first evidence of salt
induced gene expression in cyanobacteria and
distinguishes it from the heat shock response.
The nascent proteins (SSP) detected have faci-
litated a rapid, sensitive and accurate assay
for assessment of cyanobacterial response to
salt/osmotic stress.
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Application of Electroporation

in Biotechnology

Electric impulses are known to cause re-
versible permeabilisation of cell membranes
(electroporation). An equipment has been in-
digenously developed to deliver electric pulses,
from microsecond to millisecond range, useful
for electroporation and electrofiision of a variety
of cells. Electrically permeabilised red blood

cells are being used to encapsulate drugs for
targeting to diseased organs and to increase
the life time of the drug in blood circulatory
system. Fusion of red blood cells has also been
achieved by a combination of electroporation
(30 microsecond pulse of 10 kV). which
caused hemolysis, leaving behind red cell
'ghosts', and centrifiigation which brought about
fusion of the 'ghosts'.

Electroporation is also being used to modify
plant cells for crop improvement and to achieve
cell to cell fusion of plant and animal cells.
For this purpose the cells have to be brought
in close proximity by application of an in-
homogenous high frequency (1 MHz) alternat-
ing field. Fig. 1 shows alignment of Brassica
juncea protoplasts to form 'pearl' chains under
the influence of radiofrequency field. Subse-
quent electroporation by high intensity electric
pulses (lkV, 30 /< sec) results in breakdown of
adjacent cell membranes and fusion to produce
a hybrid cell within minutes. In vitro per-
meabilization of tobacco pollen has been in-
vestigated using fluorescein diacetate dye. The
technique has tremendous potential in several
biological and biotechnological applications.
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Fig. i

Isolation and Characterization

of a New Actinophage WHRO5

Streptomycetes are mycelial prokaryotes
which produce about 70% of the commercially
important antibiotics. A temperate actinophage
has been isolated from a local sample and
characterized. Electron microscopy showed
Ihal it has a long, non-contractile tail and thus
is placed in Bradley's group B of phages (Fig.
1). The size of its DNA is estimated at 30kb. It
is heteroirnmune to$C31, a phage much used
in molecular biology work. Its other charac-
teristics are as follows :

i) The phage has a very wide host-range and
can infect all the nine species of Strepto-
myces and one of Nocardia that were
tested.

ii) The phage grown on one species was not
severely restricted in others. Maximal res-
triction was observed when the phage was
grown on S.nourseii and plated on S.gri-
seus. Even then the reduction was only
about 100-fold compared to "self-plating"
(S.griseus-grown phage plated on S.gri-
seus).

iii) Some of the lysogens (s5%) show pheno-
lypic changes which are inheritable. Most
of these changes are in the pigment. No
such changes were obtained in the non-
lysogenized controls.
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Fig. 1. Greening of potatoes on cold storage (0-4°C) and
dim light conditions (30 lux). The samples were
stored far 10 weeks.

Cold storage is the most prevalent com-
mercial practice for the extension of shelf life of
potatoes in India. However, it was observed
that cold storage offers a highly favourable
condition for greening of tubers under dim
light. The greening of tubers is due to chloro-
phyll synthesis, which results in the accu-

An Immobilized System for the

Continuous Production of

Formic Acid Using Purified

COa-Reductase and Thylakoid

Membrane from Green Potato

Tuber Chloroplasts

mulation of "solanine',' a toxic alkaloid. Sola-
nidine is the aglycone moiety of this alkaloid.

Extensive investigations on this pheno-
menon by BARC scientists revealed a close
relationship between chlorophyll and sola-
nine synthesis in greening potatoes. Potatoes,

on storage at 0-4°C under dim light (30-40
lux) for 12-16 weeks,became intense green
and attained a threshold toxic level (20-25 mg
solanine / 100 g fresh wt.) of solanine, making
them unfit for consumption. Nevertheless,
when chlorophyll synthesis was abolished
under dark cold storage or storage at room
temperature, no solanine synthesis was dis-
cernible. Thus it is evident that chlorophyll
synthesis and photosynthetic activity of the
chloroplasts are essential pre-requisites for
solanine synthesis.

GLVOXYLATE

SERINE -

MEWLONATE—•- ACETATE

SOLANItMNE

2. The pathway for the formation of solantdtne
from CO, in isolated chloroplasts from green
potato tuber peelings.

Fig. 3. Dlagramatlc representation of set up for con-
tinuous production of formic acid. (A) Buffer for
cashing, (B) Buffer and subtrate (HCO3), (C)
Product (formic acid), ID) Immobilized enzume +
envelope-free chloroplasts.

Our studies on isolated chloroplasts have
established that they have the capacity to fix
CO2 into solanidine efficiently. The pathway
for fixation of CO2 into solanidine was
determined by labelling studies. These stu-
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dies revealed the existence of a novel C,
pathway for the fixation of CO2 in these chlo-
roplasts different from the C3 and C4 pathways
operative in plants. The primary product of
CO2 fixation is formate, formed by the direct
reduction of CO2 by the reducing equivalents
derived from photolysis of water, by a novel
enzyme CO2 reductase.

The CO2 reductase has great biotechno-
logical potential in the production of organic
chemicals or hydrogen using biophotolysis of
H2O. Formate will serve as a safe storage of
hydrogen, from which hydrogen can be released
using palladium [formic acid;=±H2 + CO2] at
will.

Therefore, efforts were directed towards
attaining a stable immobilized system for the

continuous production of formic acid, uti-
lizing CO2 and electrons from photolysis of
H2O. The thylakoid membranes from these
chloroplasts were co-immobilized with partia-
lly purified CO2-reductase In 2% agarose.
The system developed by us was stable
and could produce formic acid continuously
for 20 days, when the column was washed
alternatively to remove formate completely.
The novelty of this thylakoid immobilized
system, unlike the other plant chloroplast
systems, is that there was no photoinhibition
of the process. The knowledge and expertise
gained from these studies will be beneficial in
developing stable immobilized system for
the production of hydrogen, which is our ulti-
mate aim,
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Pulses and legumes form a substantial
part of Indian diet and are a major source of
proteins, particularly for the vegetarians.
However, the presence of certain antinutri-
tional factors and the prolonged time needed
to cook legumes limit the use of legumes as a
major food item. A common complaint after
the consumption of legumes is gas formation,
or. flatulence which is mainly due to the
presence of indigestible oligosaccharides like
raffinose, stachyose and verbascose. The
enzyme a-galactosidase, needed to convert
these oligosaccharides into simple sugars
that can be easily metabolised, is absent in
human intestines. The undigested oligosac-

10 2-5 5 0
RADIATION DOSE, kGY
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1. Radiation effect on ollgosaccharlde content (n
soaked (16 hrl green gram. ( ̂  - L Sucrose: 1 -
r. 1 Stachyose: O - O Verbascose: A- A
Rajftnose).

Reduction of the

Flatulence-Factors in Legumes

by Radiation Treatment

charides therefore pass on to lower intestinal
tract where anaerobic bacteria degrade them
and, in the process, produce gas.

Exposure to gamma radiations results in
the disinfestation of cereals and legumes.
Experiments carried out at BARC have shown
that irradiation of legumes at moderate doses

(1-10 kGy) reduced the content of flatulence-
causing oligosaccharides in green gram
(Phaseolus aureus). Irradiation of the hydra-
ted seeds resulted in 50 per cent loss of these
sugars, whereas on germination, these sugars
disappeared completely with a concomitant
increase in easily digestible reducing sugars
(Figures 1,2). This is attributed to the clea-
vage of glycosidic bonds of oligosaccharides,
especially on raffinose and stachyose In
legumes, due to radiation.

16 32
GERMINATION TIME.hr.

Fig. 2. Reducing sugar levels In gemmating seeds
irradiated at 10 kGy dose levels to- ~ ContmU
1 I - i 2.5 kGy: /. - .:. 5.0 kGy: • - • 70 kGy).

2 5 50
RADIATION DOSE . kGy

Fig. 3. Effect of y irradiation on percent reduction In
cooking time. (L-/1 Green gram: '.]-'.] lentil
O- • Horsebean; • - • Bengal gram).

10
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Radiation treatment also improved the
theological properties like hydration capacity
and gelatinization viscocity in lentils, horse-
beans, green gram and bengal gram and redu-
ced their cooking time by about 50 per cent
(Figure 3). The starch and protein compone-
nts of the legume are broken down by irradia-

tion, leading to Increased water absorption,
and a reduction in the cooking time. Organo-
leptic evaluation of Irradiated legumes showed
that, on cooking, they were very soft and
acceptable. These studies indicate a potential
role of gamma-radiation to obtain legumes
with reduced levels of flatulence factors.
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Inspite of tremendous progress in evolving
the modalities of cancer treatment such as
chemotherapy, radiotherapy, surgery, immuno-
therapy and combinations of these, the cure
rate, though improving every year, still does
not permit adequate confidence in any of
these or their combination. Immunotherapy.
by itself or when used in combination with
other modalities of treatment, aims at eli-
minating the last traces of cancer by using the
antigen specificity of the immune response.

Immunology of Cancer

The nature of antigens expressed on cancer
cells and their relation to normal alloantigens
have been studied. Successful suppression of
tumour growth by pre-sensitizing mice to skin
allografts was observed. Our studies with a
variety of tumours and skin grafts derived
from a number of strains of mice have indi-
cated that the alloantigen expressed is non H-
2 (non-major histocompatibility complex
antigen) in nature and that the expression is
restricted to imrnunogenic tumours (Table 1).

Potential application of lymphocytes from
allosensitized mice in immunotherapy of tu-
mours has been examined. Successful therapy
(cure rate greater than 90%) was achieved in
all the tumours (Table 2). However, a moderate
immunosuppressive treatment of the host with
cyclophosphamide was necessary for success-
ful therapy of solid tumours, indicating that
suppressor cells which are sensitive to cyclo-
phosphamide may prevent the immune cells
from restricting the tumour growth.
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Fig. 2

Over three-fourths of cancer patients in
India are treated with X- and -/-rays. Failures
are not uncommon and these have been at-
tributed to the presence of hypoxic cells in the
tumour interiors which escape radiation dam-
age and subsequently become foci for tumour

Improvements in Cancer

Therapy
recurrence. The use of high LET radiations
may partly overcome this problem but is not
feasible in India on account of its prohibitive
costs.

As an alternative, the use of hypoxic.cell
radiosensitisers has been experimented with
two malignant tumours. Sarcoma 180A and a

transplantable fibrosarcoma. maintained on
Swiss mice (Fig. 1). Five phenothiazine drugs
namely chloropromazine. trimoprazine, pro-
methazine, prochlorperazine and trifluopera-
zine have been found to selectively radio-
sensitize hypoxic cells (Fig. 2). Hyperthermia
(heating tumours to 42.5° C) has also been
shown to enhance the efficacy of radiotherapy
and when combined with phenothiazine drugs
further improvements in the curability of ex-
perimental animal tumours have been achieved.

The phenothiazine drugs are available locally
and are commonly used as tranquilizers and
anti-emetics. They have also been shown to
improve the curative effect of a common anti-
cancer drug, mephalan. The drugs have been
evolved to enhance the effectiveness of cancer
therapy in combination with conventional radio-
therapy.
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EFFECT OF TWO INJECTIONS OF ALS ( I - G R ) ON D B A / 2
SKIN ALLOGRAFT SURVIVAL IN AKR MICE.
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Fig. 1.

Specific Suppression of

Established Immune

Response by Antilymphocyte

Serum
Immunological rejection of tissue/organ

graft is a major problem in clinical trans-
plantation. A variety of immunosuppressive
agents used are non-specific and bring about
generalized suppression of immune responses.
Post-transplant suppression has to be antigen-
specific. Anti-lymphocyte sera (ALS) have been in
use for a long time but they fail to suppress an

established immune response since they are
conventionally prepared against lympho-
cytes of unimmunised individuals or animals.
We have shown that ALS prepared against
lymphocytes of mice sensitized to antigens
could suppress an established immune res-
ponse to that antigen.

Extending these findings to suppression of
skin graft rejections, we have prepared an
ALS, called ALS (I-GR) against lymphocytes of
AKR mice sensitized with skin grafts from
allogenic DBA/2 mice. When given to AKR
mice on 4th and 7th day after transplantation
of DBA/2 skin grafts, ALS (I-GR) significantly
delayed the rejection of these grafts (Fig. I).
This ALS, however, did not show delayed rejec-
tion in AKR recipients grafted with skin from a
different strain, C57BL/6 (Table 1). ALS(N).
prepared against unsensitized mouse
lymphocytes was ineffective under this
regimen (Fig. 1). The suppressive effect of ALS
(I-GR) could be attributed to the presence of
anti-idiotypic antibodies. This may have
significant bearing on the management of
clinical transplant rejection.
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A number of radiopharmaceutlcals labe-
lled with "mTc in kit forms are extensively
used for radionuclide Imaging of various body
organs, among which liver and bone are pro-
minent. To study the pharmacoklnetics of
these radiopharmaceuticals in pathophysiolo-
gical conditions, BARC has developed some
animal models of human diseases, mainly
affecting the liver and bone. In addition, a few
animal models of tropical parasitic infesta-
tions have been developed where the liver is
indirectly involved.

Liver cirrhosis model: Rats are given phe-
nobarbitone in food / drinking water and then
are exposed to carbon tetrachloride vapours
inhalations in a specially designed and fabri-
cated box over a period of 10-12 weeks. The
dosages are adjusted from week to week. Rats
develop typical symptoms of liver cirrhosis,
manifesting hepatosplenomegaly, hypoalbu-
minaemia. hypoproteinaemia, jaundice, asci-
tes and abnormal liver function tests. The
liver histological changes confirm the deve-
lopment of cirrhosis, showing loss of normal
architecture and Its replacement by nodular
pattern. The nodules appear surrounded by
fibrous tissue with scanty lymphocytic infil-
trations and proliferating bile ducts. The
nodules seem to be composed of regenerating
liver cell plates.

Hepatitis model: Typical changes in the liver
histological and biochemical picture akin to
acute viral hepatitis and chronic hepatitis
have been successfully induced by changing
the dose and time schedule of administration
of D( + ) galactosamine, which is a known
hepatotoxin for rats.

Animal Models of

Human Diseases

Vitamin D-deficient rat model: Specially
formulated diet and housing / lighting condi-
tions in the animal house have been deve-
loped for inducing vitamin D-deflciency in
rats. It has been established for the first time
that vitamin D-deficiency alters hepatic func-
tion in these rats, while inducing periportal

necrosis of individual hepatocytcs (Figures 1
and 2).

Fig. 1. Liver stolon of a pair-fed control rat showing
normal awMtecliirp. (Hemataxi/ltn & Eostn. Z10X).

v. .• - , • • • > • *

Fig. 2. Liver section of a vitamin 1) deficient rat show-
ing focal necmsis with loss of nuclei in cells
around the portal tract Unset), tllematoxitlln &
Eosin. 230 X. Inset mqgtxijlcattan 575 XI.
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Fatty liver model: Fatty livers have been
induced nutritionally by feeding poultry eggs
as the only source of food to rats. The liver
total lipids increase three fold in these rats
within 20 days.

Rodent malaria model: Rodent malaria has
been induced in rats by injecting plasmodium.
berghei phagocytized rat erythrocytes.

Hook-worm model: Hook-worm infestation
in rats has been induced by oral feeding of
Ancylostoma canium(dog hook-worm) larvae.

All these animal models are being used for
studying the biokinetics of 99mTc-radio-
pharmaceuticals meant for liver and bone
imaging. Besides, these models are also being
used for studying metabolism of proteins and
bone minerals.
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Thyroid hormones play an important role
in the development of brain and they are
needed for the cellular differentiation and gro-
wth. Morphological, physiological and beha-
vioural data is abundantly available to recognise
the normal & optimal function of thyroid
hormones on the development of mammaliae
brain. However, the biochemical basis of the
influence of thyroid hormones is poorly under-
stood.

Malic Enzyme Activity in

Neonatal and Adult Rat Brain

in Relation to Thyroid Status

Malic Enzyme (ME) activity was evaluated
in the developing brain for the following
reasons.

1) It has been well established that liver ME
activity is under the control of thyroid
hormones.

2) It is one of the lipogenic enzymes involved
in fatty acid synthesis which are needed for
the myelination in the brain.
Our studies with developing and adult rat

brain suggests :

1) Triiodothyronine (T3) is needed for the grow-
th of liver and brain.

2) ME activity in brain is lowered in hypo-
thyroid neonates and may be responsible
for the hypomyelination process observed
in hypothyroid animals.

3) The lowered ME activity in brain of hypo-
thyroid neonates responds to administration
of T3 restoring the ME activity to normal.

4) In contrast to developing brain, the ME
activity in adult rat brain does not respond
to administration of T3 indicating the loss
of sensitivity of ME to T3 in matured brain.




