
IN9900825
BARC/1999/P/002

>
jo
Q

GOVERNMENT OF INDIA

BHABHA ATOMIC RESEARCH CENTRE

BARC PROGRESS REPORT - 1998

Compiled by

V. L. Kalyane
Library & Information Services Division

1999



BARC/1999/P/002

GOVERNMENT OF INDIA
ATOMIC ENERGY COMMISSION

•fiu
OS

OS

BARC PROGRESS REPORT - 1998

Compiled by
V. L. Kalyane

Library & Information Services Division

BHABHA ATOMIC RESEARCH CENTRE
MUMBAI, INDIA

1999



DR. ANIL KAKODKAR

GOVERNMENT OF INDIA

FOREWORD

DIRECTOR. 8HABHA ATOMIC RESEARCH CENTRE
&

MEMBER ATOMIC ENERGY COMMISSION
TROM8AY. MUMBAI - 400 085 INDIA

April 21, 1999

•The R&D work being pursued in

BARC covers a wide range of subjects in

physical sciences, chemical sciences, life

sciences and many disciplines of engineering.

A significant part of the effort is dedicated to

basic research. Reports on the outcome of

basic research are often published in scientific

journals, or as technical reports. A part of

the applied research also leads to journal articles and technical reports, but considerable

part of the work in the field of applied research, especially those which have a direct

bearing on the design, development and operation of nuclear power reactors, nuclear fuel

cycle facilities and isotope programmes, result in technical notes specifically addressed

to the agencies concerned.

Many Divisions of BARC publish periodic progress reports. However, frequency

of their publication varies. It was felt that bringing out a publication every year with a

brief description of the major achievements of the various Divisions along with a list of

their publications, will be useful in bringing about wider awareness of the broad

spectrum of activities being carried out in BARC, and the results of the R&D work

being done, to other scientific and industrial organisations in India and abroad. This

compilation has been brought out with that objective. Detailed information on any of the

topics listed can be obtained from the Head of the Division concerned. Often published

documents, either in the form of journal articles or technical reports, giving the relevant

details are readily available.
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ACCELERATOR A N D PULSE P O W E R DIVISION

Major Achievements

The following are the salient technical features of the activities carried out at this
division during 1998.

1. ACCELERATORS:
1.1 Industrial Electron Accelerator 500 keV

The 500 keV, 20 m A Cock croft Walton DC Accelerator was commissioned
at 200 keV and a few microamperes of beam current. This Electron Beam
Accelerator at BRIT, Vashi Complex, Navi Mumbai was remotely commissioned
for its first phase of operation by the honorable Prime Minister of India from
BARC, Trombay on 10th August, 1998. All the major and auxiliary systems
performed as per design specifications. Subsequently the electron gun of the
accelerator was disconnected and performance of the high voltage column using
nitrogen gas at six atmospheres was tested to its full design ratings of 500 kV and
found to be very satisfactory. Performance of the high power oscillator has been
tested to give an output power of 2.8 kW using a dummy load which simulates the
conditions of the high voltage column. Further performance tests for
commissioning die accelerator at its full power are in progress.

1.2 Electron Beam Centre
Substantial progress has taken place in the planning of the infrastructural

facilities for the Electron Beam Centre (EBC) being set-up at the Kharghar site at
Navi Mumbai. CIDCO and MSEB have been approached for obtaining the general
clearance for setting up of the site office and starting the construction of the
building. The architectural drawings for the site which include the EBC, with its 3
MeV & 10 MeV accelerators, Sameer Labs and residential quarters are nearing
completion. The inputs required for the preparation of structural drawings are
given to the Civil Engineering Division.

1.3 Industrial Electron Accelerator 3 MeV
Many meetings of the working groups were held to discuss about the salient

technical and implementation aspects of die 3 MeV accelerator. The design and
fabrication drawings are being finalised for the various sub-systems of the
acceleator like : (a) High Power Oscillator, (b) High Voltage Column, (c) Beam
Generation and Transport, (d) Beam Extraction, (e) Accelerator Tank and Support
Structure, (Q UHV System, (g) SF6 gas handling system and LCW Plant, (h)
radiation shielding, (j) Ozone Extraction and (k) product conveyor. Procurement of



some of the items like metal ceramic accelerating tubes, gas handling plant, HV
column components and control system components has been completed.

Although the building at Kharghar will be ready by 2000 December, the
assembly, initial testing of the sub-systems and debugging will be carried out at
Hall No. 4 at BARC, Trombay.

1.4 Industrial Electron Accelerator 10 MeV
Substantial progress has been made in the design of the linac. The

preliminary design of the electron gun by using SLAC EGUN has been worked
out. This gun will deliver 3A of electron beam at an energy of SO keV. The
modulator needed for feeding the gun has been designed. In this modulator, the
PFN will be charged to 10 kV and discharged through a pulse transformer. The S
kV, 5p, sec. pulse thus generated will be stepped up 10 tim es, to deliver the desired
output. To test this design, a S stage pulse forming network was made and when
operated in a single shot mode, a signal of 5 kV with 5 \i sec width was obtained.
Similarly a test run on the cathode has been conducted to check the electron
emission. An electron current of 37 mA was measured at a heater power of 135
Watts when extracted at a voltage of 4.6 kV. The indigenously designed
modulator, used for this purpose, gave a highly reliable performance. This data will
be used for further scaling up of the cathode parameters.

The RF structure for the on axis linac has been frozen. For the 33 cell
structure, the voltage droop has been found to be 0.15 %. The phase shift varies
between 140-40 degrees for a frequency deviation of ± 150 kHz. The RF coupling
of 5% -6% can be achieved by a circular opening of 12 mm, located at a distance
of 21 mm from the axis. A 5 cell cavity is under fabrication at CWS for
modelling and RF characterisation. A rectangular waveguide having dimensions of
78.90 mm x39.50 mm, with a wall thickness of 2 mm has been designed. When
filled with SF6 at a pressure of slightly more than 1 atmosphere, the waveguide
will handle a power of about 25 MW (peak). The preliminary design of the power
feed to the linac with a p value of 6 - 7, has been completed. This p value will
cater to a beam load of about 11.5 kW having an average electron energy as 11
MeV.

The studies of the beam behaviour in the designed linac have been
completed. For transmission of 50 % or better, the injection energy should lie
within 40 keV <E,< 56 keV. Within this range of injection energy, the max. beam
intensity lies at ± 1.3 MeV of the reference energy and is acceptable. A max. of 5
Amp. ( peak) of beam can be accelerated. Beyond this value the beam starts
blowing up. All these studies are done for a normalised emittance of 50 n
mm.mrad.



The design of the magnetic sweep scanner has been completed. A scaled
down model with a rep. factor of 1 Hz, was constructed and field mapping was
done. A magnetic field of 0.274 Teslafor a coil current of 1.5 Amp. was obtained.
The field uniformity was checked and magnetic permeability was measured. The
result of these measurements have been incorporated in the actual design. A
formalism for obtaining the Bremsstrahlung radiation from 10 MeV linac by using
high Z material has been worked out. Although, the building at Kharghar will be
ready by 2000 December, the initial testing of the subsystems of the 10 MeV
accelerator will be carried out at FIPPLY, BARC.

1.5 Compact High Gradient Accelerator (9th Plan Projects
1.5.1 (a) A computer code which is useful for tuning and optimising the

microwave power output of the Relativistic Klystron Amplifier (RKA) is being
developed, using non-linear theory. The beam bunching by the buncher cavity and
idler cavity was estimated for various voltages of the cavity gaps ranging from 25
kV to 250 kV. The power output from the final cavity is being estimated, (b)
Solenoid coils for axial magnet field are being assembled and tested.
1.5.2 Experiments have been planned to generate neutron pulses using KALI-
1000 system. Indents have been placed for Neutron detection systems.
1.5.3 Experimental systems have been designed and fabricated to generate heavy
ions, and characterisation of charge state of ions is in progress. KALI-10G0 system
is being made ready for heavy ion acceleration experiments based on collective ion
acceleration.

1.6 Electron Linear Induction Accelerator
As a part of development of 200 kev, 5 kA, 50 ns, 10-100 pps Electron

Linear Induction Accelerator (ELIA), scaled down prototype modules have been
designed and are undergoing tests. These modules work on the principle of 1:1
pulse transformer using the sample cores of amorphous material 30 kcp tape-
wound supplied by Moscow Radio technical Institute, Russia. The tests have been
carried out at a voltage of 5 kV applied from a cable-charged pulse forming line
whose impedence (11.6 ohm) was matched. The modules were biased to a negative
remnant field (Br) ~ 1.4 T, by passing a DC current of 10 A and then driven to the
saturation field (Bs) ~ 1.6 T, by applying the 5 kV voltage. The tests showed that
the module with core height h = 7 cm gave a pulse width ~ 40 ns, the second
module with height h = 4 cm, increased the pulse width to 75 ns, while the third
with h = 6 cm, resulted in the pulse width of - 100 ns. Thus taking safety factor
into account, core height between 4 to 6 cm. seems to be suitable for the final
design.



Further evaluation of the results of this experiment are in progress. In
addition, preparations are underway to test three prototype modules with h = 2 cm
in an adder mode configuration.

1.7 Pulsed Intense Beam Accelerator Kali-SOOO (1 MV. 80 GW. 60 n»)
The fabrication of all the components viz. outer, intermediate and inner

shells, spiral inductor assembly, spark gap assembly, acrylic supports of the SkJ
Biumlein line have been completed. The components of the Blumlein line being
heavy and large in size, a step by step assembly procedure was worked out and the
1.2 m dia, 6 m long Blumlein line was assembled. The entire assembly of 6 MT
Blumlein was very smooth and the dimensional measurements made on the
assembly were as per design specifications. After dismantling, the final grinding
and polishing of SS shells and acrylic components was taken up and completed.
Mirror finish of 0.2 micron r ms value has been achieved on the functional surfaces
of the SS and acrylic components. The outer surface of the 6 ra long shell has been
polished to 0.8 micron r ms value. Procurement of 3000 litre of Transformer Oil
and Castor Oil has been completed. The fabrication of four nos. of SS storage
tanks is under progress and will be completed shortly. Procurement of vacuum
system, vacuum valves and SS bellows required for vacuum filling/ transfer of
liquid dielectrics from storage tanks to Marx/ Blumlein tanks has been completed.
Procurement of charging and ground isolation resistors and spark gaps for the 300
kV Marx modules has been completed. Fabrication of all the components of the
Marx modules has been completed and assembly of Marx modules is in the final
phase of completion.

1.8 Pulsed Interne Beam Accelerator KALI-1000 (300kV. 18GW. 60 nrt
For the collective ion experiments on KALI-1000, a vacuum-arc-gun plasma

ion source has been built, which is used to produce copper ions. The extracted ion
current was measured by a biased Faraday Cup. A current peak of 1.12 A, 10 us
for low charge state ions, followed by another current peak of 2A, 15 us for high
charge-state tons has been observed. For the measurement of time resolved charge
state spectra, a pulse extractor and synchronisation circuits are under development.
Due to repeated operation at high voltage/current levels over long periods, a fault
occurred in die primary windings of the existing Tesla Transformer of KALI-1000
and hence was replaced by a new Tesla Transformer having improved turns ratio,
superior insulation and low inductance high current primary connections. KALI-
1000 Pulse Power System has been reassembled with a dummy load and presently
performance tests are in progress.



1.9 Folded Tandem Ion Accelerator
The field mapping of the completed 180 degree bending Magnet was carried

out using calibrated probes and gauss meters. The measured values compared well
with the designed value of 1.08 Tesla and the uniformity was within 0.1%. The
overall magnet system comprises of a close-circuit cooling system and flow
switches for trip in case of inadequate coolant flow.

After the successful high voltage testing up to 3 MV at 90 psi of nitrogen,
the drive-shaft assembly comprising of a 10 HP motor on base plate, 3 piece
perspex shaft with appropriate coupling joints and the 5 kVA alternator at the
terminal plate, is being mounted by a step-by-step procedure and vibration levels
are being monitored.

1.10 RFO Accelerator
For estimating the beam quality at the entrance of the RFQ, an emittance

measurement device was designed, fabricated and coupled to the RFQ. Preliminary
data on the emittance measurement reveals a large diverging beam. A matching
low energy beam transport device consisting of quads will be coupled, to match the
beam and improve the beam intensity. For the 2.45 GHz microwave powered ion
source, a line type modulator delivering apeak power of 1 kW at 200 Hz with a
duty cycle of 0.1 % is in the advanced stage of completion.

I l l 3GeV Hadron Facility
A proposal has been prepared on the 100 MeV H" Linac part of the 3 GeV

Hadron facility. The average beam power will be about 100 kW. The machine will
comprise of a 20 mA cusped field source, which will feed 70 keV beam to the
RFQ. The 2 MeV beam from the RFQ will be further boosted to 100 MeV in the
Drift Tube Linac (DTL) and finally to 3 GeV by going through the synchrotron
booster. The linac will operate at 425 MHz with a duty factor of 0.6 %. This
machine will serve as a first step towards building an accelerator based fissile
breeding facility.

1.12 Medical cyclotron
A Medical Cyclotron & Positron Emission Tomography (PET) imaging

system, is being set up at Radiation Medicine Centre ( RMC) Par el. The entire
system is being purchased. The bids obtained from the four commercially
established companies namely SIEMENS, GE-WIPRO Medical System, EBCO
Technologies, and IBA were critically scrutinised on die basis of their technical
competency, performance and the prices offered. The cyclotrons with proton
energy as 10 MeV to 19 MeV with currents ranging from 70 pA to 150 JJA



were offered. Some of them had a deuteron option also. After evaluating and
going through all die aspects, the recommendations have been made.

2.0 PULSED HIGH MAGNETIC FIELDS
Various magneto-form ing applications are being developed based on the

metal forming techniques using pulsed high magnetic fields. An important
application in this category is the fabrication of fuel pins for the Dhruva reactor. A
large number of trials have been conducted for die following three stages of
fabrication viz a) collapsing of aluminium end plugs over uranium rods. This was
accomplished with a magnetic flux density of 10-12 Tesla at an oscillatory ringing
frequency of 7.5 kHz. Pull-out strengths of greater than 500 kg. have been obtained
after 200 hours of out-of-pile tests; b) Cladding of 3 m long finned aluminium tube
over uranium rod has been done at 6.5 Tesla at 3.5 kHz. However the radiography
on long lengths of cladding has revealed some non uniformities at the cladding
interface. Work is in progress to achieve optimum results with a modified flux coil;
c) cold welding of aluminium tube to end-plugs has been carried out at 20 Tesla/
7.5 kHz. These samples have given leak rates lower than 4 x 10"9 std. cc/sec in
helium leak tests. As a result of excellent results obtained on the above trials, work
has been initiated under the 9th plan programme of the Atomic Fuels Division for
the design and fabrication of a dedicated single energy storage capacitor bank
which will accomplish all the three fabrication processes with the help of three
high strength work coils.

3.0 EMI/EMC
A few experiments were conducted to determine the vulnerability thresholds

of computer keyboards and 'MOUSE* on the EMP simulator earlier built at APPD.
Further experiments to collect quantitative data on these as well as other digital
electronics circuits are in progress.

4.0 EDUCATION

4.1 A 30 lecture course on 'Accelerator Physics & Technology' was given to the
41st Batch of the Physics Trainees of the BARC training school.

4.2 A course of 12 lectures on 'Pulsed Power Sources for Laser Pumping' was
given to the M.Tech. students in 'Laser Science & Applications' of the Devi
Ah ilya University, In dore.

4.3 A course of lectures on 'accelerator physics' was delivered at the CAT
school on 'Physics of Beam s' held at Indore.
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ADVANCED FUEL FABRICATION FACILITY, TARAPUR

Major Achievements

Advanced Fuel Fabrication Facility, Tantpur continued fabrication of indigenous MOX
fuel assemblies for Tarapur Atomic Power Station and more assemblies were loaded in
the reactors. The «"«**»»t qyATHMw? lfmH*v1 in TAPS are in the third irradiation cycle «nH
have exceeded 12,000 Mwd/torme bum-up which is about 75% of the designed bum up.
The sipping test carried out on the MOX fuel assemblies indicates that they are in sound
condition. Development work is continuing in the field of micro wave processing of fuel
material* and PFBRfucL A new project under DC p lan-" Augmentation of Facilities at
AFFF, Tarapur ** is also iwndrr ir

Several investigations related to further improvement of perfbnnance and quality oontrol of
MOX fuel are in progress. These include studies on development of soft (plastic) higher
grain sized MOX pellets and a dry recycle route for centrdesa ground sludge. The nan-
contact pellet diameter gauging instrument based on infra red technique developed at
AFFF has been introduced inside the glove box and is under evaluation. Studies on

nf MOY fiiwi pmc how alwtyn rtiaf a difference ofPu composition at the

order of 0.2% could be distinguished. In combination with other isdiomotiy t
such as NWCC and Gixws Oamma counting, the Pu content in MOX fuel is determined at
various stages of fuel fabrication by non-destructive technique* which generates no liquid
wastes.

PFBR FUEL DEVELOPMENT:

A new tooling was developed at AFFF for fabrication of annular fuel pellets for PFBR. A
large number of UO» annular pellets were made and sintered. The required quality
characteristics KVft density, dimensions ami %ya*r mass were attained. Extensive studies
have been carried out on welding of SS 316 end plugs with small diameter D-9 tubes
using advanced Pulse TIG welding technique. The specification for the 37 element
experimental PFBR fuel assembly was finalised jointly after detailed discussions with the
IGCAR designers. Quality control plan for making the experimental subassembly is
under preparation. Studies are also being carried out on mixed oxide pellets of PFBR
composition related to control of oxygen to metal ratio, nitrogen content and dissolution



behaviour. A high temperature sintering furnace and a hydraulic press capable of
pressing annular pellets, made indigenously are undergoing commissioning trials.

MICROWAVE PROCESSING OF FUEL:

An indigenous microwave furnace designed and fabricated at the facility has been
commissioned for carrying out dry recycle work of MOX fuel pellet scrap. Studies are
being made to make use of clean rejected (CRO) and dirty rejected (DRO) mixed oxide
into acceptable quality pellets. The compaction behaviour of micro wave dissolved and
denitrated MOX scrap was found to have almost similar compaction behaviour as fresh
UOj and PuOj powders prepared by conventional techniques. To overcame the
ftifffcMiHii<*a encountered eiiw to corrosion of maunstion ffor*nR flnv^ dissolution, microwave
ovens with complete isolation of magnetrons have been designed and are under
fabrication.

NUCLEAR VENTILATION SYSTEM:

AFFF has one of the largest nuclear ventilation systems in the department. The HEPA
filters in three of the six filter banks of the main lab ventilation system were replaced after
service of more than 8 years. There was no detectable surface contamination in the filters.
The long service Hfo of the filters are indicative of the high level of cleaiiHness/contamment
standard maintained at the plant The efficiency of the room ventilation and glove box
exhaust filter banks have been chraillwi and found to meet the Iflchnicfli specifications.

K PLAN PROJECT:

The procurement of equipment and machine under IX plan - I & M 9 "Augmentation of
Facilities at AFFF, Tarapur ** is progressing satisfactorily. The new glove box line being
set up under this project would help in development of PFBR mixed oxide fuel and
enhance the capacity of the BWR MOX fuel fabrication facility. Qualification of the
Resistance welding machine for experimental fuel pin end plug welds of new zirconium
alloys was also completed.

PUBUCATIONS/PRESENTATIONS:

1) Behere P.O., Sivasankaran G.S., AnmKumar, Kamath H.S. - "Vacuum based
powder transfer system for MOX fuel fabrication at AFFF". Proceed. 24th Powder
Metallurgy Conference (FMAI), Pune, 18 -19 February 1998.
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2) Panakkal JP.,-"Nondestructive evaluation of Materials" Proceed, of
for the course "NDT for Executives" Tarapur, February 24 - 25,1998.

3) Kamath RS., Panakkal J.P., Bhargava V.K., Arunkumar and Afeal Mohd •
"Indian experience on MOX fuel fabrication" - Indo-Russian Conference on
Nuclear Fuel Fabrication - August 1998, Hyderabad

4) Kamath RS., - "MOX Fuel fabrication activities at AFFF* , Indo-Russian Meet,
November, 1998, IGCAR, Kalpakkam.

5) Panakkal J.P., - "Neutron Radiography Testing", Refresher Course on NDT,
November, 21.1998, Hyderabad.

6) Amrit Prakash, Pradeep kumar - XIHth ISAS National Symposium on Analytical
Techniques in 2001 (1NSAT-98), Banglore, Nov 24 - 25,1998.

7) Pradeep Kumar, Shah D., Bhargava V.K. and Kamath RS., - "Determination of
Pu in MOX Pellet Grinding Sludge by neutron well coincidence counting". IBID

8) Pradeep Kumar, Bhargava V.K. and Kamath RS., - "Determination of Pu in
MOX fuel pin by neutron well coincidence counting ", IBID

9) Sivasanakaran G., Kulkami A. A.,Oovindan R., Raul S., BehcreP.G., MaUik
OK., Bhargava V.K.aad Kamath RS. - "Modification of commercial LECO RHIEN
hydrogen determmator of total nitrogen content using window based Data
Acquisition System (DAS) software", IBID

10) Govindan R., Raul S., Das D.K., Mallik O.K., Bhargava V.K. and KamathRS. -
"Regeneration of Schutze Reagent used in Hydrogen Determinator", IBID

U) Govindan R.. Raul Seema, MaUik G.K., Bharghava V.K. and Kamath RS. -
"Determination of nitrogen in zircaloy samples by ammonium ion selective
electrode", IBID

12) Amrit Prakash, Save K, Ghosh S., Raul D.t Bhargava V.K. and Kamath RS. -
"Study on the use of Bum off-curves for analysis of MOX samples by DC-ARC
carrier distillation technique", IBID



13) Amrit Prakasn. Mishra S., Save N., Ghosh S., D Raul. Bhargava V.K. and Kamatfa
KS. - u Oetermination of Al and Si used as dopants for MOX samples by DC-
Arc-AES^ IBID

14) Panakkal J.P., Mukherjee D., Manoharan V. and KamathRS. - "Nondestructive
characterization of MOX fuel rods using gamma autoradiography" "NDE-98" ,
National Seminar Nondestructive Evaluation - The Indian Scenario and
Challenges ahead, Thinivananthapuram, December 10 -12,1998.

15) Panakkal JJ>., D Mukherjee, K V Vrinda Devi, Niraj Kumar, V. Manoharan,
Sanjay Kumar, M M Saxena, T Soceng, Nilima Valinjkar, S K Said, D B Sathe,
KamathHSandPurushothamDSC - "Physical Quality Control of BWR-MOX
fuelatAFlT.BARC Report 1997 -1 - 014.

16) Niraj Kumar and Panakkal JJ*., - "Analysis of ultrasonic velocity porosity data in
polycrystalline materials using rotation iteration technique " communicated to J.
Material Scienoe.
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ANALYTICAL CHEMISTRY DIVISION

Major Achievements

Analytical Services

The main mandate of Analytical Chemistry Division is to provide analytical service
support to various Divisions of BARC and other Units of DAE. The Division also
extends analysis facilities to other academic and research organisations, public and private
sector organisations and to hospitals as and when needed. The Division analysed 3137
samples involving 7689 determinations. A substantial portion of effort was devoted to the
analysis of samples from BARC and DAE Units. Analysis for outside agencies yielded a
substantial revenue for the department.

The nature of samples analysed included metals and alloys, organic and inorganic
compounds, geological and rock samples, environmental materials, oils and other various
solution samples. Analysis of heavy water, transformer oils, helium gas etc. were taken up
as and when needed.

Different analytical techniques like spectrochemical, electroanalytical,
chromatographic and nuclear methods were employed in addition to conventional wet
chemical methods for the analysis of various samples. Specialised analytical services like
determination of particle size and surface area, thermoanalytical measurements etc. were
carried out as and when needed.

Analytical Chemistry Division has taken up a project on the "Augmentation of
Analytical Chemistry Research Facilities4 as part of Ninth Plan proposal on 'Research in
Frontier Areas of Chemical Sciences'. It is proposed to acquire several sophisticated
analytical instruments in order to render a faster and more effective analytical service to
various units of DAE. Satisfactory progress was made towards the implementation of the
project.

BASIC RESEARCH

Basic research was carried out on various analytical techniques in order to
understand the chemistry of the process. Adsorptive voltammetry of yttrium-PAR
complex was studied using various electrochemical techniques like cyclic voltammetry and
differential pulse polarography using acetate buffer. Electrochemical reduction of La from
LiCl medium and that of Pd(II) from alkaline ammonium tartrate medium were studied
using electroanalytical techniques. Cyclic voltammetric studies of Sb(III) and Sb(V) was
carried out from HC1 media in order to investigate the nature of electrode process.

Carrier facilitated transport of alkali metal ions through bulk liquid membrane,
containing phenoxy ethers was studied. Selectivity towards Na+ was observed in the case
of 1,2 bis (2 ethyl phenoxy) ether as carrier while selectivity towards K+ was found in the
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case of dibenzo 3,4 dihydroxy 3,4 dimethyl 7,10 dioxo cyclodeca 1,5 dione. The use of
crown ethers for the selective transport of uranium is being studied

Thermal analysis system available in the Division was upgraded using a software
developed in-house in the Division. The temperature and differential temperature
response of the system were studied using potasssium nitrate, sodium nitrate and
potassium sulphate. Reaction between uranyl nitrate hexahydrate and sodium nitrate has
been investigated by TG, DTA and EGA.

Morphological features of copper telluride crystal were studied using electron
microscope. Low energy nuclear transmutation during germination of green gram seeds
was studied by analysis of various metal ions like Na, K, Ca, Mg, Cu, Zn, Fe etc.
However, more data is needed in order to establish definite trends in trace elements profile
of the seeds and germinated plants.

Applied Research

A voltammetric procedure was developed for the analysis of various trace
impurities in high purity lead after the preliminary separation of lead as lead sulphate. A
procedure was also developed for the estimation of selenium in arsenic by cathodic
stripping voltammetry. A procedure was standardised for the analysis of Sb(III) and
Sb(V) as well as for the estimation of Cd in U3O8 by differential pulse anodic stripping
voltammetry. A procedure for the analysis of Ni by differential pulse adsorptive stripping
voltammetry has been standardised and applied for the analysis of treated sea water.

An electrochemical device based on alkyl phosphorous compounds was developed
for the trace analysis of uranium in waste stream. A good linearity of measured potential
with concentration of uranium was observed for the electrode. A chalcogenide membrane
electrode was developed for the selective analysis of copper. The nature of various
dopants and the electrochemical behaviour of the electrode are being investigated.

Procedures for the determination of boron in a wide concentration range from
percentage to ppm levels were standardised. The matrix elements were removed by
precipitation or ion exchange using Amberlyst IR-120. The method has been applied to
the analysis of boron in aqueous systems using a conductimetric detection method.

An ion exchange procedure was developed for the determination of gold and
palladium using a polyaniline based exchanger, in which a pre-irradiation separation was
carried out. Further work is in progress in order to apply this procedure for the analysis of
Au and Pd in uranium ores of Jaduguda. An ion exchange procedure is also being
developed for the separation of gold as well as lithium from accompanying elements, prior
to their determination by AAS.

A preconcentration procedure for the determination of trace elements in high
purity palladium and an ion exchange procedure for the separation of 32P from irradiated
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plant materials prior to the determination of uranium and Th in them were also worked
out.

A procedure for the determination of hydrogen in nuclear materials using charged
particle activation analysis employing heavy ion beams of VECC was standardised.
Targets from zircaloy and semiconductor materials have been prepared and are to be taken
up for detailed studies soon.

Thin layer activation technique (TLA) has been applied to study the surface wear
in zircaloy. The studies were made using zircaloy pin and a sample cut piece of cylindrical
ring of the coolant channel. It was possible to study the surface wear in the range of 10 -
ISO (am thickness. Such studies will be useful in the determination of wear taking place
during the loading and unloading of fuel bundles in PHWRs.

Analysis of arsenic in ground water samples by PIXE technique was also
standardised using the pelletron at the Institute of Physics, Bhubaneswar. Detailed studies
were carried out on various parameters affecting the analysis.

In view of the current interest on the chemistry of Pa, a method for its separation
from monazite is being worked out using carrier precipitation on MnC>2.

Procedures were developed for the analysis of fungal spores and sludge samples
for toxic metal ions by AAS. Analysis of deposits on Reverse Osmosis Membrane was
taken up in order to establish the nature of deposits. Procedures were also developed for
the analysis of various materials like vanadium carbide, molybdenum silicide, niobium
alloys and silicon metal for trace constituents. Procedures were developed for the analysis
of bentonite clay, boron metal, ilmenite and rutile as well as Cu-Te alloy for major and
trace constituents.

An extensive evaluation of AAS procedures for the trace element analysis of high
purity arsenic was carried out and the role of various parameters like nature of reagents,
dissolution procedure and the effect of other variables was investigated. The use of
microwave digestion procedure was evaluated and the conditions for minimisation of the
blank were studied. Further work is in progress to develop a selective separation
procedure for the analysis of high purity arsenic. The use of HBr for this procedure is
being critically evaluated. Procedures were also developed for the analysis of trace
impurities after suitable separation or by the use of electrochemical techniques.

Engineering Services

Netzsch thermal analyser was upgraded using an in-house software for automatic
sample temperature variation using an IBM-PC and an ADC card. An anion self
regenerating suppressor (ASRS) was installed on the existing ion chromatograph and its
performance was tested.
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An electrochemical system was fabricated under BRNS Project for Kuvempu
University for their research work and the unit was delivered to the users. Testing,
calibration and software modification for the same were carried out.

Ultra Trace Analysis Facility

The Ultra Trace Analysis Facility at HRD Centre was refurbished. Particle size
measurements in different sections of UTAF were carried out and the defective air filters
were replaced. Other facilities are being acquired in order to make the laboratory fully
operational. An AAS Unit has been installed and is being used for the analysis of several
samples of high purity materials. An electrochemical system has also been acquired for the
purpose and is being installed.

Consultancy* Collaboration and Training

Consultancy was offered through COSWAC, BIS, DST and CSIR. Several
Research Project Proposals were evaluated for BRNS and DST. A Report on analytical
instruments in BARC was compiled and has been published as a BARC report.

Collaboration was provided to CFSL, Hyderabad for the analysis of forensic
samples using neutron activation analysis. Reactor irradiation facilities were offered to
Geological Survey of India for their analytical work. Necessay help was given to various
educational institutions for the training of their students in Analytical Chemistry.

Lectures and practicals were arranged for the Chemistry and M.Tech Trainees of
HRD Centre. Training was provided to some postgraduate students of Universities
whenever needed for their projects.
Seminars/ Workshops

A week long workshop/ training programme on the application of Neutron
Activation Analysis (NAA) and Other Complementary Techniques in Forensic Science
was arranged collaboratively by Analytical Chemistry Division, BARC and NAA Unit of
CFSL, Calcutta during Feb. 2-6,1998.

The Division took an active part in the organisation of scientific seminars and a
number of scientific papers were presented at various national seminars.

Publications (Journals)

1. Facilitated transport of halides through Nafion ionomer membrane modified with
lanthanide complexes.
Jayshree Ramkumar, E.K.Unnikrishnan, B. Maiti and P.K.Mathur
J.Membrane Sci., 141 (1998) 283.

16



2. Implications of the geochemistry of the pelitic granulites of the Delhi Super Group,
Aravalli Mountain Belt, North Western India
T.K.Biswal, K.C.Gyani, R.Parthasarathy and D.R.Pant
Precambrian Res., 87(1998) 75.

3. Trace element profile of semiconductor materials: Gallium and arsenic
Satish Kayasth, Naina Raje, T.P.S.Asari and R. Parthasarathy
Anal.Chim. Acta. 370 (1998) 91.

4. Use of masking agents in promoting selective transport of Zn2+ through Nafion
membrane.
Jayshree Ramkumar, B Maiti and P.K.Mathur
Separation Sci. Technol., 33 (1998) 2423.

5. Ion exchange chromatographic separation and MS analysis of isotopes of boron.
B.K.Sharma, P.Rajamani and P.K.Mathur
Solvent Extraction and Ion Exchange, 16 (1998) 1321.

6. A feasibility study of the preparation of (U, Gd^Os solid solution by the thermal
decomposition of coprecipitated carbonate mixtures.
P.V.Ravindran, K.V.Rajagopalan and P.K.Mathur
J.Nucl. Mater. 257 (1998) 189.

7. Ion exchange considerations in dilute chemical decontamination processes operated in
the regenerative mode
AL.Rafus, S. Velmurugan, P.S.Kumar, V.S.Sathyaseelan, S.V.Narasimhan and
P.K.Mathur
Nucl. Technol., 122 (1998) 228.

8. Spectrophotometric method for the determination of parts per million levels of
cyclohexylamine in water.
A.G.Kumbhar, S.V.Narasimhan and P.K.Mathur
Talanta 47(1998) 421.

9. Application of thin layer activation technique for surface wear studies in Zr based
materials using charged particle induced nuclear reaction.
D.P.Chowdhury, Sujit Pal, R.Parthasarathy, P.K.Mathur, A.K.Kohli and P.K.Limaye
Nuclear Instruments and Methods in Phys. Research, B 193 (1998) 381.

10. Use of type-II strong base anion-exchange resin for ion exchange chromatographic
separation of isotopes of boron.
B.K.Sharma, P. Rajamani and P.K.Mathur
Ind. J. Chem., Tech. 4, (1997) 308.



11. Mineralogical and geochemical characterisation of the basal quartz-pebble
conglomerate of Dhanjori Group, Singhbhum craton, India and their significance
T.S.Sunil Kumar, N. Krishna Rao, M.M.Palrecha, R.Parthasarathy, V.L.Shah and
K.K.Shah
J.Geol. Soc. (India), 51(1998) 761.

12. Synthesis and characterisation of lead silicate glass
V.K.Shrikhande, T. Mirza, G.P.Kothial, K.P.Muthu, B.B.Sawant, P.V.Ravindran and
V.C.Sahani
Indian J. Pure and Appl. Phys 36 (1998) 449.

13. Non-destructive elemental analysis of antiques by energy dispersive x-ray fluorescence
N.H.Shastry, AASayed, Madan Lai, H.N.Bajpei, P.K.Patra and Daisy Joseph
Prajna - Journal of Sardar Patel Univ., 7(1997) 116.

14. Techtonic implications of geochemistry of Gabro-Norite-Basic granite suite in
proterozoic Delhi supergroup, Rajasthan, India
T.K.Biswas, K.C.Gyani, R. Parthasarathy and D.R.Pant
J. Geol Soc. (India) 52(1998)721.

15. Recent developments in analytical instruments.
P.K.Mathur and M. Sudersanan
Chemical Industry Digest, 4th Quarter, (Dec, 1998), 51.

16. Ion chromatography for the determination of anions and cations.
B. Maiti, S.D.Kumar and P.K.Mathur
IASTA Bulletin 11(1998) 52.

17. Advanced electroanalytical techniques in environmental analysis
MMPalrecha and P.K.Mathur
Bull. Indian Soc. Anal. Sci., (1998) 1.

18. Biosensors - An overview
S.D.Kumar and AV.Kulkarni
Bull. Indian Soc. Anal.Sci., (1998) 10.

19. Ion exchangers in analytical chemistry
M. Sudersanan and P.K.Padmanabhan
Bull. Indian Soc. Anal. Sci., (1998) 23.

20. Determination of palladium in deoxo catalysts by differential pulse voltammetry.
V.T.Aher, M.M.Palrecha, A.V.Kulkarni, G.C.Shah and P.K.Mathur
Fresenius Journal of Analytical Chemistry (In press).
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21. Facilitated transport of alkali metal ions across bulk liquid membrane containing
phenoxy compounds as carriers.
Jayshree Ramkumar, B. Maiti, S.K.Nayak and P.K.Mathur
Separation Sci. Technol., (Accepted).

22. Cyclic Voltammetry of thioacetamide
MMPalrecha and P.K.Mathur
Electrochem. Soc. (India) (In press)

23. Cyclic Voltammetric studies of heterocyclic antifoggants of photographic emulsion at
silver electrode in the presence of bromide ions.
M.V.Pandya, C.A.Philomina and M.M.Palrecha
Electrochem. Soc. (India) (In press)
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APPLIED CHEMISTRY DIVISION

Major Achievements

Reactor Related Studies

Chemical decontamination of C/U system of TAPS Unit 2 has
been taken up. This consists of two phases. Phase-1 involved
reaching a system temperature of 360 - 365 K and a dissolved
oxygen content of < 100 ppb and this is completed. Preliminary
experiments of Phase-2 involving actual decontamination have been
initiated. A modified feasibility report incorporating Phase-1
and Phase - 2 aspects of the chemical decontamination process has
been made ready.

Dissolution rate of haematite in PDCA/AA solutions increased
by a factor of 5 as PDCA concentration was increased from 2 to
10 mM. Replacement of citric acid by glycolic acid as buffering
agent in EAC formulation for dissolution of magnetite did not
make much difference in the dissolution rate but the optimum pH
was higher which may give lower corrosion rate for carbon steel.

Chlorination studies of surface waters and ground waters from
deep borewells of Mumbai were carried out. It was observed that
the deep borewells which were anoxic in nature consumed higher
levels of chlorine and the chlorine residuals persisted over
longer periods. However, in the case of surface waters though
chlorine consumption was relatively less, the chlorine residuals
disappeared rapidly.

Solid State Reactions & Thexmodynamic and Transport Studies

In connection with the Task Force constituted to look into
thermodynamic and transport properties of thoria based fuels to
be used in Advanced Heavy Water Reactors, bulk thermal expansion
of pure ThO2, BaThO3 and SrThO3 were investigated by
Dilatometry from room temperature to 1073 K. The detailed phase
relations in MF2-YF3 (M » Ba, Sr, Ca) were studied. Several new
phases were reported for the first time. A number of strategic
materials viz. Bi4V2O11# B i ^ P C U 0 . 2 O I I - 6 , La ^ ^ C r C ^ < M»
Sr*+, NdJ+ , x = 0,0 to 0.30), rare earth oxy fluorides,
superconducting oxide LaBa2Cuo0007+5 were investigated for Bulk
thermal expansion and volume thermal expansion by Dilatometry and
High Temperature XRD from room temperature to 1073 K. Cr3+ doped
LiSrAlFg was prepared and a preliminary study of its
luminescence property was performed.

Thermodynamic investigations centred around reactor
applications with emphasis on thoria based fuels. Studies on the
vaporization behaviour of alkali and alkaline earth thorates
such as BaThOja, SrThO3, CS2ThO3, Rb^ThC^ by both transpiration
and Knudsen effusion methods were initiated. The work on BaThC>3
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is completed and there is good aggrement in the thermodynamic
properties of this compound derived from the two different
techniques. Studies are in progress to derive the standard
enthalpies of formation of these compounds using isoperibol
calorimetry. Work has been initiated to study the chemical
diffusion of oxygen in thoria/urea fuels. The phase diagrams of
Pd-TeOa, UOa-TeOj and Ru-TeO, systems were investigated using DTA
and XRD. The standard molar enthalpies of UTeOs and UTe3O, were
determined by isoperibol calorimetry.

Radiation and Photochemistry

Pulse radiolysis technique has been used to find more stable
Cr(II) complexes which, have applications in LOMI decontamination
technique. In this connection, reduction of Cr(III) complexes of
EDTA, HBDTA and NTA was carried out with the help of hydrated
electrons and the lifetime of Cr(II) complexes was determined. It
was observed that Cr(II)NTA complex is more stable as compared
to other complexes.

It was observed that OH adducts of pyridine, 2-amino pyridine
and 3-amino pyridine react with oxygen to give peroxy radicals.
Pulse radiolysis studies in aqueous solutions have also been
carried on 8-hydroxy quinoline sulphonic acid, 2-mercapto
pyridine and 3-nitroaniline. In the case of 8-hydroxy quinoline
sulphonic acid also, OH adducts were found to react with oxygen
to give peroxy radicals as in the case of 8-hydroxy quinoline.
In the case of 2-mercaptopyridine, resonance stabilized free
radicals were formed on one electron oxidation. Reaction of
hydrated electrons with 3-nitroaniline gave weakly reducing
radicals. Pulse radiolysis studies on 4-hydroxy thiophenol in
butyl chloride solutions have shown that cation radicals are the
precursors of thiyl radicals.

Instrumentation

A new experimental facility for the study of release
behaviour of volatile and gaseous fission products from
thoria/urania based fuels has been set up. This consits of a
Knudsen effusion assembly, a collector system and a on-line
monitoring facility. An apparatus for the solid state galvanic
studies is under fabrication.

Consultancy, Training and Services

The Division actively participated in the training programme
for chemistry trainees of the 41st and 42 n d batches of BARC
Training School. A lecture course on Photoelectrochemistry and
Advanced Blectroanalytical Techniques was delivered to chemistry
students of Mangalore University. Consultancy services to
Nuclear Power Stations/ Reactors/ Heavy Water Plants were
provided. Analytical services (X-ray, TG, DTA) were provided to
other Divisions/DAB units.
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JOURNAL PUBLICATIONS

PUBLISHED

1. M. Basu, R. Mishra, S.R. Bharadwaj, A.S. Kerkar and
S.R. Dharwadkar
Gibbs energy of formation of thorium molybdate (ThMO20g)
by transpiration technique
J. Nucl. Mater., 251, 185(1998)

2. G, Chattopadhyay, P.N. Natnboodiri, S.N. Tripathi and
S.R. Dharwadkar
The interaction between silver and tellurium dioxide
J.Phase Equilibria, 12, 310(1998)

3. G.R. Dey, D.B. Naik, K. Kishore, C.K. Vinaykumar,
B. YUvaraju, G. Venkateswaran and P.N. Moorthy
Correlation between corrosion inhibition and radiation
chemical properties of some organic corrosion inhibitors
Radiat. Phys. Chem., 51, 171(1998)

4. Santosh Joseph, G. Venkateswaran and P.N. Moorthy
Studies on the dissolution of haematite sol in mixtures
containing complexing and reducing agents
Indian J. Chem., 37 A. 525(1998)

5. S. Joseph, G. Venkateswaran and P.N. Moorthy
Influence of thermal history of iron oxides on their
dissolution behaviour in Citric Acid-EDTA-Ascorbic acid
mixture
Indian J. Chemical Technology, 5(7). 222(1998)

6. §.B. Karweer and R.K. Iyer
27A1 NMR studies on complexation of aluminium with
N-(2v-hydroxyethyl)iminodiacetic acid N,N,-bis
(2"-hydroxyethyl)glycine and triethanolamine
Indian J. Chem., 37 A. 547(1998)

7. M.D. Mathews, A.K. Tyagi and P.N. Moorthy
High temperature behaviour of lithium borates: Part I.
Characterisation and thermal stability
Thermochimica Acta, 320. 89(1998)

8. M.D. Mathews, A.K. Tyagi and P.N. Moorthy
High temperature behaviour of lithium borates: Part II. High
temperature X-ray diffractometric and dilatometric studies
Thermochimica Acta, 3JL2, 113(1998)

9. R. Mishra, S.R. Bharadwaj, A.S. Kerkar and S.R. Dharwadkar
Vaporization behaviour and thermodynamic stabilities of
strontium tellurites
J. Nucl. Mater., 251, 210(1998)
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10. R. Mishra, S.R. Bharadwaj, A.S. Kerkar and S.R. Dharwadkar
The standard molar enthalpies of formation of SrTeO3 and
S e o s
J. Chem. Thermodyn., 3j&, 879(1998)

11. R. Mishra, P.N. Namboodiri, S.N. Tripathi, S.R. Bharadwaj,
and S.R. Dharwadkar
Vaporization behaviour and Gibbs energy of formation of
UTeO5 and tn^Og by transpiration
J. Nucl. Mater., 25_£, 139(1998)

12. R. Mishra, P.N. Namboodiri, S.N. Tripathi and S.R. Dharwadkar
Partial phase diagram in CaO-TeOo system
J. Alloys and Compounds, 280. 56(1998)

13. D.B. Naik, P. Dwibedy, G.R. Dey, K. Kishore and P.N. Moorthy
Redox reactions of 8-hydroxy guinoline: A pulse radiolysis
study
J. Phys. Chem.A, IQZ, 684(1998)

14. D.B. Naik
Life-time (Half-life)
ISRAPS Bulletin, 2, 17(1998)

15. A.R. Paul, K.N.G. Kaimal and S.R. Dharwadkar
Migration of carbon in Incoloy-800
Mater. Chem. Phys., 51, 189(1998)

16. A.K. Tyagi, S.J. Patwe and S.N. Achary
Phase relations in vi-x

Sr2+l 5xF7 system (-1.0 < x < 0.5)
Czech. Slovak. Bull. Mater. Set. 5_, 293(1998)

ACCEPTED

1. S.N. Achary, B.R. Ambekar, M.D. Mathews, A.K. Tyagi and
P.N. Moorthy
Study of phase transition and volume thermal expansion in
REOF system by high temperature XRD
Thermochimica Acta

2. S.N. Achary, M.D. Mathews, S.J. Patwe and A.K. Tyagi
HTXRD and dilatometry studies on some oxygen ion conducting
compounds
J. Mater. Sci. Lett.

3. S.V. Adhyapak-Thosar and U.R.K. Rao
The effect of reactant structure on the solid state reaction
between KHF2 and oxides of iron and vanadium
Thermochimica Acta

4. G.R. Dey, D.B. Naik, K. Kishore and P.N. Moorthy
Pulse radiolysis study of some substituted thiophenols in
aqueous solutions
Radiat. Phys. Chem.



5. G.R. Dey, P. Dwibedy, D.B. Naik, K. Kishore and P.N. Moorthy
Reactions of reducing and oxidising radicals with
thiobenzamide: A pulse radiolysis study
Res. Chem. Interned.

6. J. Koehler and A.K. Tyagi
reparation and structure of S-Li3GaP6
Z. Kristallogr.

7. J. Koehler and A.K. Tyagi
Crystal structure of Sr7ErgF30O - A new fluorite related
anion rich oxide fluoride
Z. Kristallogr.

8. M.D. Mathews and A.K. Tyagi
Negative thermal expansion in
Bull.Mater.Sci.

9. S.J. Patwe, S.N. Achary, A.K. Tyagi and P.N. Moorthy
Synthesis and characterisation of Yi-xSr2*1.5xp7 fluorides
Mater. Res. Bull.

10. A.K. Tyagi and P.N. Moorthy
Nd2Cu04 system revisited
J. Mater. Sci. Lett.

11. A.K. Tyagi, S.N. Achary, M.D. Mathews and M.S. Hegde
High temperature studies on LaBa2Cu2CoC>7
Mater. Res. Bull.

12. A.K. Tyagi and P. N. Moorthy
Preparation and characterisation of RESr2F7 type compounds
(RE = rare earths)
J. Mater. Sci. Lett.



ARCHITECTURE & CIVIL ENGINEERING DIVISION

Major Achievements

1) Containment Vessel (PCCV)-Pre-test Analysis

Nuclear Power Engineering Corporation (NUPEC) of Japan and the U.S. Nuclear
Regulatory Commission(USNRC),Sandia National Laboratory will construct an instrumented
1:4 scale model of a prestressed concrete Containment vessel (PCCV) for pressure water
Reactor (PWR),which will be Pressure Tested upto its ultimate capacity. Round robin Pretest
Analysis of PCCV is being carried out jointly by A&CED and RSD .

2) Seismic Revaluation of Ball Tank of Cirus

The Ball Tank provides water to the primary heat transfer system of CIRUS under postulated
accidents like LOCA etc. Structure being an important Safety related Structure, seismic
Revaluation is carried out to ensure its Integrity under the present Seismic conditions.
Hydrodynamic effects of water is considered in Analysis. Analysis was carried out by
A&CED jointly with RSD.



List of Publications:-

(i) "Effect of Foundation Conditions on the Seismic Response of a Space Frame" by
R. Patnaik, K. Bhargava, A.K. Ghosh and M.K. Agrawal.

Transactions of 13th SMiRT, Porto Algere Brazil, August 13-18, 1995.

(ii) "Seismic Response of a frame: Some Case Studies on the Influence of Foundation
Conditions" by M.K. Agrawal, A.K. Ghosh, H.S. Kushwaha, K. Bhargava, R. Patnaik
and S. Ramanujam.

Transactions of Symposium on Earthquake Effects on Structures, Plant and
Machinery, New Delhi, Nov. 13-15, 1996.

(iii) "Effect of Soil Parameters on the Seismic Response of a 3-D Frame Structure" by A.K.
Ghosh, M.K. Agrawal, R. Patnaik and K. Bhargava.

Transactions of 14th SMiRT, Lyon, France, August 17-22, 1997.

(iv) "Effect of Soil and Fluid Interaction on the Response of a structure to Earthquake Ground
Motion" by M.K. Agrawal, A.K. Ghosh, H.S. Kushwaha, K. Bhargava, R. Patnaik and
S. Ramanujam.

Transactions of 7th ICCCBE, Seoul, Korea, August 19-21,1997.

Acceptance

(i) "Dynamic Analysis of a Typical Concrete Vault for Nuclear Waste Tank Farm" by
V. Singh, K.V. Srinivas, G.J. Pandya, R.S. Soni, H.S. Kushwaha, V. Venkat Raj,
Mrs. L. Ranjith, K. Bhargava, R. Patnaik and S. Ramanujam.

1 lth Symposium on Earthquake Engineering Roorkee, India December 17-19, 1998.

ABSTRACTS SENT:-

(i) "Evaluation of Seismic Fragility of Structures - A Case Study" by K. Bhargava, M.K.
Agrawal, V.S. Phanikanth, G.R. Reddy, A.K. Ghosh, R. Patnaik, S. Ramanujam and
H.S. Kushwaha.

15th SMiRT, Seoul, Korea, August 15-20, 1999.
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(ii) "Modelling Methodology for a Spherical Tank alongwith Supporting Structure for
Evaluation of Seismic Response" by K. Bhargava, M.K. Agrawal, G.R. Reddy,
A.K. Ghosh, R. Patnaik, S. Ramanujam and H.S. Kushwaha.

12th WCEE, Auckland, New Zealand, Jan.30-Feb.4, 2000.



ATOMIC FUELS DIVISION

Major Achievements

1. PRODUCTION

1.1 Metallic Uranium Fuels for Research Reactors

During the year metallic uranium fuel assemblies were fabricated and supplied to CIRUS
and DHRUVA reactors as per requirements. 216 Al shields and 191 SS seal plugs were
manufactured for DHRUVA. 85 nos. of 57S Al alloy spacer tubes were produced for
DHRUVA fuel assembly.

Fuel pins were made for a prototype fuel cluster for PRP and assembled.

1.2 Reactivity Control Systems

1.2.1 BWR

During the year, 10 control blades were fabricated and supplied to TAPS.

1.2.2 PHWR

17 mechanical shut off rods and 17 push spring assemblies for the Primary Shutoff
System of RAPS-3 and 2 liquid poison tube assemblies for the Secondary Shutoff
System of Kaiga-2 were fabricated and delivered to NPCIL.

1.3 PRP

50 B4C filled control rods were TIG welded in He atmosphere.

1.4 Miscellaneous

1.4.1 Graphite Workshop

About 2000 graphite components were machined at the Graphite Workshop for various
divisions of BARC.

1.4.2 Thoria

644 kg of Thoria pellets received from RMD, BARC were ground by centreless grinding
and despatched to NFC, Hyderabad.

1.4.3 Rolling of Ta rods

3 nos. of Ta rods were cold rolled from 57 mm dia X 460 mm length (total weight 30.6 kg)
to 34 mm dia for NFC, Hyderabad.

1.4.4 Masks for Vacuum Deposition of Electrodes in Gas Sensors

Masks made of thin SS foil for use in vacuum deposition of interdigitated electrodes on
gas sensors, being developed at TPPED, BARC were fabricated using Nd:YAG laser
cutting facility.
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1.4.5 Stencils for Crack Growth Measurement

Paper stencils with a grid pattern of holes (0.5 mm dia, 5 mm pitch) used for marking
large piping components were fabricated using Nd:YAG laser cutting facility. These were
used for the project "Measurement of Crack Growth in Piping Components using Image
Processing Techniques".

1.4.6 Vacuum Brazing for TBRL, Chandigarh

Against a request from TBRL, Chandigarh, vacuum brazing of Mo with Kovar and Kovar
with Tungsten Carbide using Gold as brazing material was standardised and 19
components were brazed successfully.

2. DEVELOPMENT

2.1 Pulsed Magnetic Forming & Welding (PMFW)

In this alternative technique of DHRUVA fuel pin fabrication, high intensity
magnetic fields are produced using energy storage capacitor banks and these
magnetic fields are transformed into mechanical forces using flux concentrator on
job to be worked upon. The three basic operations of fuel pin cladding, viz., plug
fixing, canning and welding, can be accomplished using PMFW Technique. The
added advantage is that all auxiliary operations like cutting, filing, end rounding
and cleaning etc associated with the existing route get eliminated . This technique
will save lot of time, labour, material and will be much cost effective. It is also
amenable for automation.

Towards the development of this technique, new coils with low inductance (1.2 H) were
fabricated with which magnetic fields of up to 22 T were produced using 5.2 kV applied
voltage. Plugs of 57S Al with plane geometry (in stead of tapered) fixed onto uranium
pins using this technique withstood up to 500 kg load during a pullout test. Joints welded
exhibited leak rates of less than 0.4 X 10a std cc / s.

2.2 Modified Bar Turning Process

The bar turning machine was modified to achieve 12.7 mm diameter in a single cut of
extruded uranium rod, resulting in a considerable saving in time required for the two
stage operation employed earlier.

2.3 Equipment Development for PRP

Three TIG welding chambers were fabricated, out of which two were sent to AFFF and
one was installed at AFD.

End cap TIG welding machine was installed and the process was standardised.

End cap welding by resistance welding on fuel tubes and PNS assembly tubes was
standardised, and fuel elements for a prototype bundle were fabricated.

Electron beam welding on various joints of burnable poison rods was standardised, and
three rods were delivered for prototype bundle assembly.
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2.4 Levitation Melting

One levitation melting coil was designed and fabricated for levitation melting experiments.
The efficiency of levitation melting is being improved using different types of core
materials namely normal ferrite, high frequency ferrites and metallic glasses. The use of
ferrite core resulted in an increase from 1.3 gm to 7 gm for the maximum weight of Al
spheres that could be melted using this process.

2.5 Multifilamentary Nb-Ti Superconducting Wire

Towards the fabrication of multifilamentary Nb-Ti superconducting wire for
superconducting cyclotron at VECC, Calcutta, an extrusion billet assembly was designed
with 455 nos. of 5.5 mm across flat hexagonal Cu/ Nb-Ti elements in an OFHC copper
sleeve of 147 mm OD X 132 mm ID. The following parts of the assembly were fabricated
during the year: (i) 500 Nos. of hexagonal Cu/ Nb/ Nb-Ti pencils and 65 Nos. of
hexagonal Cu pencils were cold drawn, straightened and end faced, (ii) End discs made
of OFHC copper were machined, (iii) One OFHC copper sleeve 371 mm long was
machined, (iv) OFHC copper end fillers of three different partial hexagonal profiles were
fabricated, (v) A special fixture was designed and fabricated for assembly of extrusion
billet.

2.6 Ultrasonic Testing Technique for Characterisation of Resistance Weld

An ultrasonic testing technique was developed for detection of lack of fusion in resistance
weld between fuel pin and end plug by using high frequency ultrasonic transducer.
Frequency spectrum analysis was carried out for natural weld defects like cracks, lack of
fusion, lack of penetration, slag inclusion etc.

2.7 Acoustic Emission based Leak Detection System for Seal-Plug Leakage in
PHWRs

An AE-based system was developed for online detection of seal-plug leakages in PHWR
coolant channels. During simulated trials of the system at Refuelling Technology Division,
the performance of the system was assessed using various sensors. Frequency
spectrum analysis using a 175 kHz wide band sensor was useful to predict lower leakage
rates. RMS signal analysis with a 175 kHz resonant sensor was useful for predicting
leakage rates of 80 cc/hr or more. Use of a 225 kHz resonant sensor enhanced the
capability of this technique to detect lower leakage rates.

2.8 Computer Modelling of Laser Heat Treatment of Steels

The process of laser heat treatment of steels to produce hard surface layers was
modelled in a finite difference code installed on a Pentium. The program took into
account the variation of physical properties of the work piece material with temperature.
The program can handle variable grid size and pulsed as well as continuous laser beam
which might be moving or stationary. The model is useful for analysing the
transformation hardening of steels by laser heat treatment.

2.9 CNC Facility Upgradation

The capability of CNC workstation of Nd:YAG laser system was enhanced with
installation of new software and controller card. Spindle motion has been converted into
rotary axis. It is now possible to convert AutoCAD drawing into NC programme directly
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and also a line sketch can be converted to AutoCAD drawing through a scanner and later
to NC programme.

2.10 Radiography of Currency Counting Machine Head

Constructional details of the head for currency counting machine were identified using
radiography for Machine Tool Prototype Factory, Ministry of Defence, Ambemath.

3. IN-SERVICE INSPECTION

3.1 Pressurised Heavy Water Reactors

3.1.1 ISI of MAPS-1 Coolant Channels

33 Nos. of coolant channels of MAPS-I, Kalpakkam were inspected. Eddy Current
Testing was carried out for finding the location and tilt orientation of garter springs and
inner surface defects of coolant tubes.

3.1.2 Training of Inspection Personnel

32 inspection personnel from reactor sites at RAPS, MAPS, NAPS and KAPS were
trained and certified for carrying out ISI of coolant channels using BARCIS.

3.1.3 Regulatory Inspection

Regulatory Inspection on PSI/ ISI was carried out for RAPS 1 & 2 and Kaiga Power
Project.

3.2 Boiling Water Reactors

3.2.1 TAPS Core Shroud

The ISI of core shroud involved visual examination and ultrasonic examination of four
core shroud welds. A special scanning system called CART was designed, fabricated
and used for examination of H4A weld.

3.2.2 TAPS Feed Water Nozzles

Ultrasonic examination was carried out for feed water nozzles for detection of thermal
fatigue cracks in the inner radius section. At a few locations data was also collected
using 100 MHz RF digitisation system for frequency spectrum analysis.

3.2.3 TAPS Primary Class I Piping

Ultrasonic examination of Reactor Recirculation By-pass Line welds (9 nos.) and
Equalising line welds (5 nos.) was carried out as per the guidelines of ASME B&PV Code
Sec. XI.

3.2.4 Revision of ISI manual

The ISI manual for class I components of TAPS was revised and submitted for approval
of regulatory authority.
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3.3 Heavy Water Plants

3.3.1 Heat Exchangers of Heavy Water Plant (HWP). Manuauru

11 Nos. of heat exchangers containing 7600 tubes (total length - 50750m) were
subjected to eddy current testing at HWP, Manuguru.

3.3.2 Pipeline Weld Joints at HWP. Manuauru

Ultrasonic Testing technique was standardised for ISI of H2S gas/ liquid service pipeline
weld joints at HWP, Manuguru. Results were also evaluated after the ISI.

4. QUALITY ASSURANCE

4.1 Process Vessels and Equipment for WIP, Trombay

For Waste Immobilisation Plant, Trombay, 42 nos. of SS process vessels and equipment
were fabricated and supplied by M/s Walchandnagar Industries for which extensive
quality assurance including stage inspections were carried out by AFD. Thermosyphon
evaporators necessitated constant QA intervention due to the intricacies involved in the
fabrication. The compact size of heat exchanger (600 mm dia X 2000 mm length), main
evaporator (1400 mm dia X 1730 mm length) with 16 nozzles and internals as steam coil,
steam ejectors, spargers etc contributed to the fabrication difficulties and these were
overcome by evolving new fabrication routes or by design concessions.

4.2 Quality Surveillance Activities for Research Reactors and Power Reactors

The following fuel bundles and components for various research reactors and power
reactors were cleared during this year after quality surveillance.

PHWR Fuel Bundles at NFC 17690
BWR Fuel Clusters at NFC 48
Cobalt absorber subassemblies for NAPS & KAPS at NFC 24
FBTR fuel subassemblies at IGCAR 2
DND experimental subassembly at IGCAR 1
Coolant tubes for RAPS-2 & MAPS-1 Coolant Channel Replacement 60

4.3 Quality Surveillance for Magnet Core Steel Forgings for Superconducting
Cyclotron Project at VECC

Specifications for NDT of magnet core steel forgings to be used for superconducting
cyclotron project at VECC were made and using these specifications, UT was carried out
for 38 forging blocks of pole tip family of different sizes and return path rings of biggest
size 3 nos. at HEC, Ranchi.

5. FAILURE ANALYSIS

5.1 Cracked Turbine Blade of KAPS-2

One of the LP-5 (front) turbine blades (forged from rustless steel) of KAPS-2 developed a
crack on the air foil portion. Failure analysis revealed that the crack originated from the
surface near the brazed joint of Stellite and the blade material, and it was propagated by
fatigue.



5.2 Water Cooler Tube of HWP, Vadodara

Failure of AISI 316 L tube from water cooler 12 R-5 of Heavy Water Plant, Vadodara was
attributed to transgranular stress corrosion cracking (TGSCC). Higher chloride ion
concentration in the cooling water flowing on the outer surface of the tubes was
responsible for the failure.

5.3 Condenser Tube of RAPS-2

Failure of cupro-nickel (90-10) condenser tube of RAPS-2 was attributed to gradual wall
thinning by steam erosion on the outer surface.

5.4 Steam Sampling Probe from KAPS-1

A steam sampling probe (made of AISI 304) down stream of steam generator failed and
got stuck in the condenser steam dump valve seat, causing difficulty in the operation of
the valve. One more such probe was found to be cracked on inspection. Failure
analysis revealed that high stress concentration at the junction near threaded portion
caused fatigue failure of the probe.

5.5 Reactor Recirculation Pump Shaft from TAPS

Reactor recirculation pump shaft (2NG01B) made of AISI 316 failed due to the presence
of low melting compound formed in regions near shaft-sleeve interface. The compound
probably formed due to the high temperature developed at the interface because of
friction between shaft and sleeve.

5.6 Moderator Heat Exchanger Tube of RAPS-2

Guillotine fracture of cupro-nickel (70-30) tube of moderator heat exchanger from RAPS-
2 was found to be due to fretting fatigue.

5.7 SS Tubes Manufactured by M/s Ratnamani Metals & Tubes, Ahmedabad

The following failure cases were analysed for M/s Ratnamani Metals & Tubes,
Ahmedabad: (i) AISI 304 SS tubes used in cane sugar evaporator at a cane sugar
manufacturing unit failed by intergranular corrosion on inner side of tube followed by
transgranular stress corrosion cracking leading to through wall cracking. The
environment seen by the tubes included raw water with 1200 ppm of chloride, cane sugar
solution and caustic soda solution, (ii) AISI 316 SS welded pipe failed due to weld defect
and pitting corrosion in environment containing chloride, (iii) Two tubes of AISI 304 SS
tubes were found to have failed due to transgranular stress corrosion cracking and pitting
corrosion possibly due to chloride ions.

6. REVENUE EARNED

Rs. 60,000/- was earned from the failure analysis of one failure case from M/s Ratnamani
Metals & Tubes, Ahmedabad.

7. TECHNICAL PUBLICATIONS/ PRESENTATIONS

7.1 "Laser Surface Alloying of Ni-Mo into Stainless Steel 304 Substrates" by Dilip
Kumar, AK Graver, GL Goswami et al in Lasers in Engineering, 7(1998) 103-118.



7.2 "Electrochemical Characteristics of High Ni-Mo Laser Surface Alloys Produced on
SS 304 Substrates" by AK Grover, Dilip Kumar, GL Goswami et al in Lasers in
Engineering, 7(1998) 119-131.

7.3 "Laser Surface Melting for Improving Intergranular Corrosion Resistance of Cold
Worked and Sensitised Type 316 Stainless Steel" by UK Mudali, RK Dayal and GL
Goswami in Anti-corrosion Methods and Materials, 45(1998) 181-188.

7.4 "Emerging Trends in Laser Material Processing", by SK*Jha, (Invited Paper)
Indian National Science Congress, Hyderabad, January 2-4,1998.

7.5 "Fabrication of Prototype High Temperature Ceramic Heating Elements", by BB
Trivedi, P Sundararajan, VG Date et al, 24th National Powder Metallurgy Conference,
Pune, February 18-19, 1998.

7.6 "Nondestructive Evaluation of Zirconium Alloy Components for PHWRs", by BK
Shah and PG Kulkami, (Invited Paper) National Meeting on Hydrogen Related Problems
in Zr Alloys", BARC, Mumbai, March 26-27,1998.

7.7 "Detection of Hydride Blister on Pressure Tube by Eddy Current Testing", by VM
Bhole, Arbind Kumar, UN Tripathi, BK Shah and PG Kulkarni, ibid.

7.8 "Ultrasonic B-Scan Imaging for Detection of Zirconium Hydride Blister in Presure
Tube of Pressurised Heavy Water Reactor", by PP Nanekar, M Bandyopadhyay, MD
Mangsulikar, AK Bandyopadhyay, BK Shah and PG Kulkarni, ibid.

7.9 "Detection of Breakaway Oxidation of Zircaloy-2 by Acoustic Emission
Technique", by BK Gaur, AK Sinha, BK Shah and PG Kulkarni, ibid.

7.10 "Advances in Ultrasonic Evaluation Techniques", by M Bandyopadhyay, Seminar
on Advances in NDE Techniques, Calcutta, April 1998.

7.11 "Helium Leak Testing of Environmental Spherical Gamma Ion Chamber", by NG
Dutta, A Ahmed, BK Shah and PG Kulkarni, Proc. National Symp. on Vacuum Science &
Technology and Gas Discharge Tube Switches, September 21-23,1998, Pilani.

7.12 "Detection of Zirconium Hydride Blisters in Pressure Tubes of Pressurised Heavy
Water Reactors", by PP Nanekar, MD Mangsulikar, M Bandyopadhyay, AK
Bandyopadhyay, VH Patankar, BK Shah and PG Kulkarni, Insight, The Journal of British
Society of NDT, Vol. 40, No.10,1998.

7.13 "Development of Pulsed Magnetic Forming and Welding Technique for
Fabrication of Fuel Pins for Nuclear Research Reactors", by Rakesh Kumar, Ml Shaikh,
RP Singh, PG Kulkarni, RK Rajawat, SV Desai, ST lyengar, MR Kulkarni, RS Kalghatgi
and PH Ron, presented at 52nd Annual Technical Meeting of the Indian Institute of
Metals held at Bangalore during November 1998.

7.14 "Establishing a Correlation between Percent Elongation and Gauge Dimensions
of Tensile Test Specimens of Aluminium Alloys", by Rakesh Kumar, BK Gaur, BK Shah
and PG Kulkarni, ibid.



7.15 "Electricity from Tides" (in Hindi) by PR Vaidya, published in Vaigyanik was
awarded the 3rd Prize in the Homi Bhabha All India Science Article Competition held by
Hindi Vigyan Parishad.

7.16 "Evaluations on Residence Time of Helium in Test Objects in Helium Leak
Detection", by NG Dutta, A Ahmed, BK Shah and PG Kulkarni, Proc. of National Seminar
on Non-Destructive Evaluation (NDE-98), December 10-12,1998, Thiruvananthapuram.

7.17 "In-Service Inspection of Heat Exchanger Tubes by Eddy Current Testing", by VM
Bhole, S. Khan, Arbind Kumar, UN Tripathi, R. Ramanathan, BK Shah and PG Kulkarni,
ibid.

7.18 "Radiography of PFBR Reheater Tube-to-Tube Sheet Welds", by KN
Chandrasekharan, BP Patil, PR Vaidya, KV Mohanan, DP Dedhiya and JK Ghosh, ibid.

7.19 "Evaluation of Image Qualilty of Different Radiographic Films using a Technique
based on ASTM E-746", by S Das, LG Khanolkar and PR Vaidya, ibid.

7.20 "Development of AE-based Leak Detection System for Seal-Plug Leakage in
Pressurised Heavy Water Reactors", by SK Jha, RJ Patel, BP Badgujar, S Bhattacharya,
GL Goswami and RG Agrawal, ibid.

7.21 "Control of Defects During Laser Surface Alloying" by GL Goswami, AK Grover et
al in Surface Engineering, 1998 (in press).
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BERYLLIUM MACHINING FACILITY

Major Achievements

BMF had undertaken precision fabrication of Beryllium Components for Space, Nuclear
and other applications. Following are some of the major achievements during the year 1998.

1.0 Beryllium Shaft Assembly for M/s. Hughes Space & Communications Co.
(HSCKUSA.

ISRO/Antrix Department of Space had entered into a contract with HSC for
manufacturing of 20 Nos. of Beryllium Shaft Assemblies (comprising 20 Nos. of main
body and 20 Nos. of Shaft Flange Assembly), for their ICO programme which is to be
processed at BMF, Navt Mumbai. The Shafts are to be used in the Solar Array Drive
Assembly (SADA) of their Satellites. BMF had prepared manufacturing plan with
schedules, inspection formats, traceability record sheets etc. A Manufacturing
Readiness Review (MRR) was conducted by HSC at BMF and cleared the
manufacturing plan. The components required stringent dimensional as well as
geometrical accuracies.

In order to achieve these a special Heat Treatment process with controlled temperature
and thermal distribution of ±2°C alongwith a process of fine Chemical Etching was
established at Beryllium Facilities, Navi Mumbai. These components required
selective EN plating and Anodizing on specific surfaces for meeting the specified
thermal emmissivity and reflectivity values. BMF had developed EN plating and
Anodizing Techniques including leak proof masking. A total of 20 Nos. Main Body and
21 Nos. of Shaft Flange Assembly (one number extra Shaft Flange Assembly) were
processed and manufactured satisfactorily and delivered to HSC. The company had
appreciated BMF1 high quality fabrication works. Thus during the year 1998, BMF had
completed a major achievement of meeting an American company's requirement to
their satisfaction.

2.0 Components for ISRO Program me.

2.1 Beryllium Mirror Sl.No. 05 of Elliptical Size 340 mm x 210 mm x 19.5 mm for
ENSAT-VHRR application is precision machined and its further fabrication is in
progress.

2.2 2 Nos. of Beryllium Mounting Pads of size 60mm x 28mm x 5mm for INSAT 2E -
VHRR Scan mirror mechanism assemblies were machined and EN plated.



2.3 2 Nos. of (Vacoflux 50) Stepper Motor Stators for INSAT 2E/SADA were precision
machined on CNC Wirecut EDM and annealed for magnetic properties.

2.4 2 sets of complex shaped copper beryllium multiple springs for brush block assembly
for INSAT were machined on CNC Wirecut Machine.

2.5 2 Nos. of 67 x 38.1 x 6.4 mm Be Scan Mirrors for VHRR were precision machined and
EN plated and delivered to LEOS, Bangalore for optical polishing.

3.0 Components for DAE Programme.

3.1 80 Nos. of beryllium sleeves of size (OD 20 mm x ID 14.4 mm x 20 mm long) were
machined on request from PMD/BARC for meeting the requirements of LWRD/BARC.

3.2 2 Nos. of Beryllium Cuboids were precision machined to sizes 50 mm x 50 mm x 50
mm ± 0.05 and 1 No. of 100 mm x 50 mm x 50 +0.05 for meeting the requirement of
Solid State Physics Division, BARC.

4.0 New Additions.

4.1 One CNC Wirecut EDM type Agiecut 250 HSS capable of handling maximum
workpiece size 860x530x250 mm with minimum electrode wire size of 0.1 mm has
been added to the facility to take up various requirements.

4.2 A Controlled Slow Combustion set up has been fabricated for disposal of Beryllium
contaminated Kerosene under the guidance of WMD, BARC and is operational
with the surveillance of EAD & HPU.

5.0 Publications.

1) "Electroless Nickel Plating on Different Grades of Beryllium - Challenges and
Remedies" by S/Shri B.G. Naik, N. Sivasubramanian & Prashant Soman, presented
at National Symposium on Electrochemistry in Aerospace Systems (SEAS-98)
held at ISAC, Bangalore during 20-21, November 1998.

2) "Black Anodizing of Beryllium Components for Aerospace Application" by S/Shri
B.G. Naik, N. Sivasubramanian & Prashant Soman, presented at National
Symposium on Electrochemistry in Aerospace Systems (SEAS-98)
held at ISAC, Bangalore during 20-21, November 1998.
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BIO-ORGANIC DIVISION

Major Achievements

Bioorganic chemistry assumes great significance due to its inter-disciplinary nature catering
to the demands of various research areas in life science, chemical science and nuclear science.
Understandably, the activities of the Bio-Organic Division is often chanalised to work in tandem
with other divisions of BARC as well as institutes and universities via active collaboration. To this
end, the major thrust laid on basic research is specifically tuned for orientation to purposeful
outcome. Thus, while the natural product research has been directed with the comprehensive aim of
isolating new insect controlling agents, antioxidants and radio-protecting compounds, the synthetic
protocols are designed to provide better route for insect pheromones, radiopharmaceutical ligands,
nuclear extractants etc. The highlights of the projects are briefly described.

A. BASIC RESEARCH

A.I. Biorational Phytochemistry
The immense potential of natural products due to their unlimited bio- and chemodiversity is being
increasingly realized creating new awareness amongst the chemists, biotechnologists and biologists.
To this end, phytochemical research on the leaf of the indigenous plant, Calophyllum tomentosum
was initiated. The methanolic extract showed promising inhibitory activity against the enzyme,
HTV-transcriptase and two new complex biflavones have been isolated from this. The complete
structural assignment of these as well as bioassay are being carried out. In order to assess the
possible medicinal property of the edible fruit, triphal, the methanolic extract of its seed was
fractionated providing a new phloracetophenone glycoside whose bioassay is under investigation.

A.2. Synthetic Bioorganics
Organic synthesis is possibly the best method of producing high-value designer's compounds in
appreciable quantities. In addition, this also provides ample opportunity in structural modulation,
thereby providing tailored molecules endowed with various molecular properties.
A. 1.1. Biotechnology in Organic Synthesis
Biocatalytic transformation with isolated enzymes and the whole cell systems promises to provide a
clean and efficient technology for the synthesis of various speciality and value added chemicals. In
this pursuit, synthesis of l-phenyl-3-buten-l-ol, an important anti-tumour drug intermediate was
carried out via bioreduction of the corresponding ketone. Optimization of the chemical conversion
and optical purity of the product has been attempted varying the strains of Rhizopus arrhizus, extent
of conversion etc. The work was further extended to some halo-substituted alkyl aromatic ketones
providing carbinols with good to moderate enantioselectivity. Polyacetylenic alcohols obtainable
from several marine sponges have drawn recent attention due to their various physiological
activities including the cytotoxic action. In view of this and their low natural abundance, a general
strategy for their synthesis has been developed via a chemoenzymatic strategy which was employed
for an efficient synthesis of (3S)-docysa-l-yn-4-en-3-ol, the cytotoxic principle, isolated from the
marine sponge, Chribrochalina vasculum.
A. 1.2. Novel Synthetic Strategies
Earlier, from this division, several low valent titanium (LVT) based reagents have been developed
for carrying out specific organic transformations. These have been used for the synthesis of various
potential radiopharmaceutical ligands with advantageous bioproperties viz. stability, target



specificity differential membrane penetrability etc. In continuation of this work, a new protocol for
deprotection of allyl/propargyl/benzyl thiol has been developed for the synthesis of the
radiopharmaceutical ligand, ethyl cysteine dimer. Organic nitrogenous heterocyclic compounds
constitute essential building blocks for various important drugs and useful ligands for the synthesis
of newer organometallic based reagents. Consequently, a LVT based protocol for both intra and
intermolecular imino-pinacol coupling was formulated which led to the synthesis of some
piperazines and vicinal diamino compounds. An Indian patent for the preparation of an activated
titanium reagent has been filed. Optimization of the method and bio-evaluation of the diamines in
nuclear medicine as chelating agents are under progress. Considering the promising activity of
xanthones against lipid peroxidation and their limited natural occurrence, a new method for the
oxidation of polyoxygenated benzhydrols to benzoquinones has been developed.

In the quest of developing combinatorial libraries of bioactive compounds, solid phase (SP)
synthesis has assumed great significance. To this end, the required linkers with a P-silicon group
with respect to the catalytic site offer the dual advantage of directional selectivity and facile
delinking. Hence, a silicon-based SP system has been developed from the aminomethylated
Merrifield resin for the synthesis of polypeptides and other important biomolecules. This has been
successfully used for the synthesis of small dipeptides and the linear progenitor of the octapeptide
radiopharmaceutical ligand, somatostatin. Purification of the latter and its cyclization to
somatostatin is currently under process.
A. 1.3. Asymmetric Synthesis of Bioorganics
The importance of chirality is well realized especially amongst agrochemicals, Pharmaceuticals and
the "novel materials". Due to both economic and regulatory constraints, development of new routes
for asymmetric synthesis has assumed contemporary significance and the division is actively
engaged in this effort. Many chiral 1,2-amino alcohols are biologically active and play very
important role in living organisms and hence their enantiomeric synthesis is extremely important.
To this end, a configurationally stable aziridine-carboxaldehyde has been designed which was used
for the synthesis of chiral aminols. The supremacy of the above chiron over the existing ones has
been shown in asymmetric ene reaction and Baylis-Hillman condensation. This protocol was
subsequently extended to various sphingosines which are reported to possess various biological
activities including radioprotection. In addition, some of the derivatives of the chiron were also
successfully used as enantioselective catalyst alkylzinc addition to aromatic aldehydes. Earlier, a
sugar-based template was developed for the synthesis of bioactive compounds. This has been used
for the enantiomeric synthesis of hexanolide, the aggregation pheromone of the stored grain beetle.
C-Modified nucelosides are of contemporary relevance as anti-viral compounds especially as HIV
reverse transcriptase inhibitors. Using the above template, several such candidate ribosides were
synthesized. Rare demospongic compounds are very promising as agrochemicals and
Pharmaceuticals. For examle, the compound, 3-methylheptadecanoic acid not only exhibits
larvicidal activity against the mosquito larvae, but also is useful in autoradiography of myocaridial
infraction and positron imaging of heart. Hence, a novel enantiomeric synthesis of its (3R)-
enantiomer has been developed starting from the natural chiral pool material, (/?)-pulegone. The SP
system referred earlier, is also being used for the asymmetric synthesis of other pharmacologically
active compounds viz. the central nervous system (CNS) active alkaloid, carpamic acid and the anti-
cancer HTV-1 protease inhibitor, swainsonine. In this respect, the desymmetrizations of some
silylated meyo-anhydrides with two oxazolidine chiral auxiliaries gave better diastereoselectivity
under the solid phase condition as compared to those in solution phase.
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B. APPLIED RESEARCH

B.I. Eco-Friendly Strategy for Pest Control
In continuation to the work on the sweet potato weevil pheromone, a series of mimics were

synthesized for cost reduction. Optimization of the structure activity is in progress. As a cost-
effective measure, various cheap septa have been designed and used for the dispensation of the
pheromone of sweet potato and cotton insects. The bioassay results are awaited from field
experiments. Several eugenol derivatives were synthesized and their efficacy in controlling the
oriental fruit fly was studied in the gamma field area. Based on the result, a new formulation has
been developed and excellent control of the destructive pest was accomplished using the attractant-
baited traps. The efficacy of the attractant is being evaluated at the Indian Institute of Horticulture,
Bangalore and Konkan Krishi Vidyapeeth, Dapoli. In order to study the pheromone-based strategy
for the control of the cotton pest, Pectinophora gossypiella, persistence of the pheromone,
gossyplure was studied. Efficient trap lasting for one month or more was designed and is being
investigated for further optimization (in collaboration with Nucl. Agric. Biotech. Division).

B.2 Nuclear Extractants and Radiopharmaceutical Ligands
From the nuclear perspective, large-scale synthesis of the actinide extractant, CMPO has

been accomplished. The product is being successfully used for actinide removal from radioactive
wastes (in collaboration with the Radiochemistry Division). Several analogs of CMPO have been
synthesized and are currently being evaluated for their extractive efficiency. Pentaalkylated
malonamides constitute another important class of ligands for decontamination of nuclear wastes. A
series of such amides have been prepared and used for studying their extractive capacity (in
collaboration with the Radiochemistry Division). Multidentate ligands are in great demand as
radiopharmaceuticals. New synthetic methods have been developed for the selective cleavage of C-
N, C-S etc. bonds with modulated Ti (0) reagents. This protocol is being tested for the synthesis of
ECD and other novel ligands.

B.3. Bioactive Natural Products
The utility of antioxidants as preventive and curative agents against several degenerative

diseases has been well realized. To this end, natural antioxidants have been the focus of recent
attention as they are physiologically safe. In an effort to isolate naturally occurring anti-oxidant
compounds and studying the probable mechanism of their biological action, a systematic study of
various polyphenolics viz. flavones, xanthones, chromones etc. have been undertaken. A structure-
activity correlation study of the lipoxygenase inhibiton of some naturally occurring xanthones
provided several lead compounds viz. decussatin, swartiperinine and swartianine, isolated from the
plant Swertia decussata. As a dietary antioxidant, the extract of the ginger rhizome was found to
possess strong preventive action against lipid peroxidation. The active principal has been isolated
and characterized as a novel aryl ketone. Further study in this regard is in progress. The enzymes,
thymidylate synthase (TS) and dihydrofoleate reductase (DHFR) play a vital role in the thymidylate
cycle of DNA synthesis. Consequently, their inhibitors are the recent focus of attention in
developing new anti-cancer drugs. Earlier, the plant alkaloids viz. pergularinine, tylophrinidine and
deoxytubulosine were found to be efficient inhibitors of TS. As an extension of the work, the
efficacy of these compounds in inhibiting the leukocyte DHFR was tested (in collaboration with
Radiation Biology Division). All the test compounds showed good inhibition to the above enzymes
available from the blood samples from patients with acute lymphocytic leukemia, chronic



myelocytic leukemia and metastatic solid tumours. In addition, deoxytubulosine also inhibited the
enzyme, topoisomerase which constitutes a useful marker enzyme in cancer therapy research. In
view of the presence of polyhydroxy skeleton, polysaccharides appears promising as radio-
protecting agents, although less explored. In this endeavor, a polysaccharide, isolated from the
plant, Asparagus racemosa was tested (in collaboration with Cell Biology Division) for its
preventive efficacy against y-ray induced cell damage. Excellent radioprotection was observed with
the test compound against brain and lever tissues of rat. Oligosaccharides assume great significance
in molecular medicine. From the Ayurvedic plant, Gulvel, an oligosaccharide formulation has been
made for immuno-modulatory activity. An Indian patent has been filed for the formulation. Earlier,
a phytosteroid formulation was found to be very effective in sericulture. Consequently, an MOU has
been signed between BARC and Indian Sericulture Institute, Mysore for a nation wide field trial.

B.4. Bioremediation
Of late bioremediation has assumed great importance due to its potential in decontamination of
radioactive and toxic wastes effectively. As a part of the ongoing programme of the division, a
plant-based bio-uptake strategy was explored (in collaboration with Radiochemistry Division) for
the decontamination of some radionucleides. Good uptake of several metal ions viz. Th, Eu, Cs, U
and Sr present individually and as mixtures were observed with the biomass of Sesuvium
portulacastrum. The biodistribution of the metal ions was found to be maximum at the plant roots
followed by stems and leaves. Plants grown in normal condition showed better absorptibility than
those grown on marshy land. In addition, the biosorption-based protocol developed earlier for
decontamination of individual nuclei was extended to waste effluents. Using the biomass of
Rhizopus arrhizus, sorption of radionuclei from the Purex and Truex wastes was studied. The
biomass showed excellent capacity in the removal of the gross ct-activity (95%) for the Purex HLW
and of a, P and y-activity (97%) for the Truex wastes in acidic pH.

B.5 Bioorganic Analysis
Irradiation technology for food preservation is gaining ground all over world. However, its

practical application requires suitable quality control of the irradiated food which can be carried out
with gas-chromatography mass-spectrometry (GC-MS). A systematic analysis of the constituents of
fresh and dry turmeric was carried out (in collaboration with Food Tech. Division) by GC-MS
technique. No substantial change between the chemical composition of the irradiated and the
unirradiated samples was found.
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CELL BIOLOGY DIVISION

Major Achievements

Divisional Objectives:

Mechanisms and modulation of radiation effects, nature of genetic variation and
biology of radioadaptation and stress responses.

The various research activities in the Division encompassing the above objectives include three major
programmes.

(i) Elucidation of the mechanisms and modulation of radiation effects in living organisms and search for
inhibitors of mutagenesis and cellular damage, (ii) Investigations on the human genome to elucidate the
nature of genetic variation at DNA and chromosomal level for ascertainment of the magnitude of
polymorphism and germ line mutations among different ethnic groups and those under radiation exposure,
(iii) Search for cellular and molecular basis of radioadaptation and stress responses in living organisms.
The various programmes include investigations from molecules to man at individual and population levels
and involve genetic, immunological, biochemical and molecular studies to provide an integrated and
comprehensive approach to elucidate the underlying mechanisms of biological responses to ionizing
radiations and other relevant environmental stresses. Modulation of DNA and cellular damage is being
investigated to provide inputs for prophylactic strategies. Genomic alterations are being probed at the
chromosomal and DNA level employing cytogenetic and molecular genetics methodology. The altered
gene expression is being investigated using molecular phenotypes at protein and/or enzyme levels. Cellular
and molecular basis of diverse stress responses is being elucidated in a variety of organisms to delineate
unique and global responses.

Mechanisms and monitoring of genetic effects and inhibitors of DNA damage

Caffeine, a dietary component present in coffee, tea and certain soft drinks has been shown, both as a
radioprotector and a radiosensitizer, under widely different conditions. However, its effect as a
radioprotector has not been examined in vitro, in systems devoid of repair and replication machinery. Calf
thymus DNA was exposed to different doses of gamma radiation, at a dose rate of 16.14 Gy/min, both in
the presence and absence of caffeine. DNA damage was measured on 0.7 % agarose gel and compared with
standard Hind III A. DNA. The extent of DNA damage was assessed using a colorimetric thiobarbituric acid
method that gives an estimate of DNA cleavage. Caffeine exhibited protection against 100 Gy even at a
low concentration of SO uM. Single strand breaks can be quantified by using fluorimetric analysis. In this
system also, radioprotection was observed at SO uM of caffeine and it reached almost 100% at 500 |xM.
The observed radioprotective properties of caffeine can be attributed to scavenging of primary and
secondary radicals produced during the radiolysis of water.

The presence of oxygen seems to enhance cellular damage in several biological systems including cells in
culture and barley seeds etc. Using calf thymus DNA, mechanism(s) of v-radiation induced damage in the
presence and absence of oxygen has been examined. DNA damage was monitored by single-strand breaks,
DNA unwinding and breakdown of deoxyribose in DNA. Presence of oxygen greatly enhanced damage in
plasmid DNA, but not in calf thymus DNA and caffeine had differential effects in the presence and absence
of oxygen. The effects of chlorophyllin and vanillin, however, were different Earlier studies had shown
that vanillin is an effective protector of plasmid DNA during exposure to photosensitization. The type and
extent of reactive species during photosensitization were different from that of radiation exposure. The
antioxidant ability of vanillin against single-strand breaks induced by v-radiation was examined. A
radiation dose of 6 Gy resulted in 24% single-strand breaks in plasmid pBR322 DNA. Concentration
dependence of vanillin protection was examined using different concentrations varying from 100 uM to 1
mM. Vanillin exhibited 67% protection at 1 mM.
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Cisplatin, an anti-tumor agent is used in cancer chemotherapy against a number of solid tumors. The
mechanism of its cytotoxicity, however, is not fully understood. One of the possible mechanisms involves
DNA damage. Experiments with plasmid pBR322 and calf thymus DNA showed that cisplatin either alone,
or in the presence of low amounts of copper induced significant DNA damage and that various reactive
oxygen species are perhaps responsible for the observed effect. Among these singlet oxygen seems to be
the major species followed by hydroxyl radical and superoxide radical. Caffeine, at millimolar
concentrations (0.1 to 10 mM) showed significant inhibitory effects against radiation-induced lipid
peroxidation of rat liver and brain mitochondria. The inhibitory effect was more pronounced in presence of
oxygen than under anoxic conditions. Examination of the possible mechanisms involved suggest that
caffeine reacts with radiation derived hydroxyl radicals with a rate constant of 7.3 x 109 M'1 s . Another
possible reactive species generated under oxic conditions namely singlet oxygen also shows appreciable
reactivity with caffeine (2.9 x 107 M'1 s*1. Similar studies on dietary components, chlorophyllin and vanillin
showed that chlorophyllin offered approximately 40% protection at 10 uM while vanillin gave 25-30%
protection at 50 uM.against radiation induced membrene damage. Radiation also caused depletion of the
antioxidant enzyme superoxide dismutase. The presence of both chlorophyllin and vanillin during radiation
exposure protected against this depletion. The extent of protection offered by chlorophyllin was higher
under oxic conditions as compared to that In the presence of nitrogen (anoxic condition). When compared
with the established antioxidants, ascorbic acid and glutathione, chlorophyllin offered a much higher degree
of protection. The degree of radioprotection was similar to that offered by the potent hydroxyl radical
scavengers t-butanol and mannitol. Photosensitization with methylene blue, oxygen plus light could be
inhibited by Chlorophyllin. Chrorophyllin at a concentration of 10 uM, reduced the formation of TBARS
by 50%, protein oxidation by 77% and, caused restoration of superoxide dismutase by 80% and of
glutathione by 90%. Preliminary experiments indicate that feeding of Swiss mice by incubation with
chlorophyllin reduced the potential of liver, brain and testis to undergo peroxidation, when exposed to
photosensitization (with methylene blue plus light). Depletion of superoxide dismutase caused by
photosensitization was also reduced in tissues of mice fed chlorophyllin. Among the tissues brain showed
maximum protection followed by testis and liver.

In continuation of earlier studies on vitamin C (AA), modulation of Mitomycjn C (MMC) induced
clastogenesis by L-ascorbic acid has been evaluated in human peripheral blood lymphocytes. The results
indicated reduction in the percent binucleate cells, nuclear division index (NDI) and increase in MN
frequency in the MMC treated groups. Increase in MN, SCE frequencies, NDI and PR] was noticed in all
AA treated groups. Data show that in the 24 h AA treatment regimen, a potentiation upwards of 30-64% of
MMC induced MN frequencies and 28-61% of MMC induced micronucleated binucleate cells was
observed. A 5-14 fold increase in the number of cells with multiple micronuclei was also observed. SCE
analysis in the 24 h AA treated regimen revealed an enhancement of 13-32% in the 25 h and 13-27% in the
26 h MMC treated groups, respectively. The clastogenic effect of MMC in human lymphocytes in vitro
seems to be potentiated by ascorbic acid. The potentiation observed has to be viewed in the light of metal
iron catalysed autooxidation of A A in oxygenated media and the existence of an antioxidant system in vivo,
which inactivates oxyradicals before their interaction with DNA.

The cytogenetic studies carried out in this Division, for the first time, reported a significant increase in
chromosomal aberrations, in induced by quinacrine dihydrochloride (QDH) in human peripheral blood
lymphocytes in vitro. In continuation of these studies, a detailed analysis of the chromosome aberrations
was carried out in order to have an idea about the random/non-random involvement of the chromosomes in
the formation of dicentric, ring and marker chromosomes. In view of these dramatic results with human
lymphocytes and in the paucity of data on the effect of QDH on germinal cells in mammalian system,
dominant lethal mutation studies were carried out both in Swiss males and females at various dosage of
QDH. No evidence of dominant lethal mutations that could be attributed to quinacrine treatment was
obtained in those experiments. The cytogenetic studies on micronuclei in binuleated human lymphocytes,
published from this Division, have been included in the International Collaborative Project on micronuclei
in Human Populations. During this period, compilation of CBMN data accumulated in the various
experiments undertaken during the last 10 years are being prepared as per the format specified by the
HUMN project The first objective of the HUMN project is the comparison of results of published data for
baseline MN frequencies from laboratories that have performed human population studies using the
cytokinesis-blocked MN assay.

The existing data on radiation-induced chromosomal aberrations is mainly concerned with the incidence at
the first mitotic cycle in G2-irradiated cells. In the present studies, chromosomal aberrations were scored at
the second mitotic cycle in G1, S and G2 phases of human lymphocytes irradiated in vitro using high
resolution GTG banding. A total spectrum of aberrations including acentric fragments, double minutes,
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rearrangements including complex, symmetrical and Robertsonian translocations, dicentrics, deletions,
marker chromosomes, centric and acentric rings, chromatid and chromosome breaks, premature
chromosome condensation and hyperdiploid and endoreduplicated cells were recorded in metasphase cells
from three individuals. Analysis to assess the degree of variability and involvement of chromosomes in the
various types of rearrangements is in progress. Chromosomal aberration studies on adult samples collected
from HBRA of Kerala were done on 63 samples by analysis of metaphase spread of 11747 cells. This data
will be analyzed by pooling with the analysis done in Kerala. As part of cytogenetic studies at the BARC
hospital, cord blood samples from 370 newborns and peripheral blood samples from 33 referral cases were
processed for chromosomal analysis. Two cases of karyotype abnormalities were observed -one from
newborn and the other from referred case.

Development and validation of an automated system for cytogenetics analysis

A Collaborative programme has been initiated between this Division and Electronics System Division to
develop Image processing System for cytogenetic analysis. Initially, area measurement of cellular
components, numerical counting and karyotyping of chromosomes, which have great potential of utility in
radiation and clinical cytogenetics are being developed. The digital imaging technology provides image
enhancement, quantitative measurements, storage, and retrieval of samples and verification of data. The
system comprises of a Pentium Computer, a KY-F55BE CCD Camera with 500 lines resolution, Flash
point-PCI Frame Grabber and Epson Stylus Pro ink jet Printer with 720 dpi resolution. Validation of
computer software developed for the area measurement of microscopic cellular components was carried
out A typical set of processing operation includes image acquisition, pre-processing of image to remove
acquisition artifacts to improve the picture quality. This was followed by thresholding of objects
(chromosomes or micronuclet) to distinguish from the background and finally segmentation analysis of
parameters and measurements. Studies on size measurement of micronuclei, in bone marrow erthrocytes
was carried out in adult Swiss male mice injected intraperitoneally with cyclophosphamide (CP). A dose
dependent increase in the size of micronuclei in the CP treated group of mice was observed. The accuracy
of the system, for area measurement, may further increase once the image processing is carried out with the
color frame grabber. Similar experiments carried out in AKR and C57BrCd mice subjected to whole body
irradiation did not indicate any significant variation in the size of micronuclei of bone marrow erythrocytes
between control and irradiated animals. The system, once validated, will be established at MSP, Kollam,
where cytogenetic analysis of human lymphocytes is a major programme.

Nature of Genetic Variation and DNA polymorphism

A stretch of land 55 KM long and about 2 KM wide along the coast of Kerala is rich in Monazite sand
deposit resulting in high background radiation levels in the area. Human population has been living in this
area for generations. A number of studies are in progress under the Monazite Survey project, Quilon, for
assessment of health effects in the population. With the availability of very sensitive techniques to monitor
variations at the DNA level, a new project to evaluate these populations using micosatellites and
minisatellites, which are amenable to easy evaluation by PCR amplification had been started last year.
These studies measure the mutation rates at DNA level in terms of nucleotide addition, deletion or
substitution in addition to duplication of repeat sequences. For this study, it is necessary to ensure ethnic
homogeneity and also evaluate variation among ethnic groups. Studies have been started with random
population of different ethnic groups to understand their relationship with each other and quantify the
variability at the level of these short repeat sequences. Further, DNA was extracted from 126 samples
(includes 36 complete families - father, mother, child & 3 families with abnormalities). Two populations
from Maharashtra have been included in these studies as distant controls in addition to populations of the
same ethnic groups living in Kerala in normal background region. About SO genetic loci spanning all the
chromosomes have been selected for initial analysis. These loci have been selected on the basis of their
high heterozygosity, proximity to genes involved in certain diseases, and/or propensity to undergo deletions
in certain cancers. During the period of this report, DNA was extracted from 126 samples (includes 36
complete families - father, mother, child & 3 families with abnormalities). DNA polymorphism analysis
using random samples of 5 ethnic groups, two from Maharashtra and three from the study population of
Kerala, was carried out at both autosomal and Y chromosomal loci. In addition, certain loci were also
investigated in families (father, mother and child) to study heritable mutations. Polymorphism studies have
been done using Polymerase Chain Reaction based amplification of various loci using locus specific
primers. Analysis of the amplimers were done using either silver staining following polyacrylamide gel
electrophoresis or detection of amplimers in automated laser based fragment analyzer. In the latter case
either one of the primers is end labeled with Cy5 dye or in some studies Cy5-dCTP was incorporated into
the amplimer during PCR amplification.
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About 25 to 50 families have been investigated at the following loci : D17S5, HUMTH01, FES/FPS,
DHFR2, D12S66, D12S67, F13A01, DYS19 and D1S80. Mutation rate analysis would become feasible
after further families are analyzed and reasonable number of mutations detected. Till date only 2 confirmed
mutations have been noticed at D YS19 loci. The analysis of random samples from five ethnic groups for
six loci has been completed. The number of total and predominant alleles, heterozygosity in these
populations for some of the loci on autosomes have been determined. Studies are in progress for other loci,
viz., DHFR2, vWA, F13A01, ACPP for which the analysis of amplimers are yet to be completed.

Studies on loci situated on Y chromosome offers information regarding the paternal gene evolution. Since
these loci have no homologues on X chromosome or on autosomes, no recombination is possible and all the
variations in the population can be ascribed to either founder effect or new mutations. Analysis of these loci
would offer information regarding relatedness between population. During the current year studies are in
progress on the following biallellic loci on Y chromosome - Alphoid Y sequence which is analyzed by
partial digestion with Hind III restriction enzyme and DYF555S2. In the former loci, 200 male samples
belonging to the above mentioned five populations indicated that about 54% of the population showed Hind
III site in the alphoid sequence. All the populations were positive for the latter loci.

Recent evidence in human genetics has shown that classical Mendelian inheritance is often violated and the
so called non-traditional inheritance is responsible for a number of genetic disorders, particularly late onset
and multifactorial diseases. This newly emerging evidence also threatens the age old concept of genetic risk
assessment of radiation and chemical mutagens based on recessive and dominant gene mutations in mice.
There is also no suitable mouse model for assessing the risk for multifactorial and/or late onset diseases.
Therefore, studies on human populations under radiation and/or chemical exposure(s) such as HBR, Kerala
become still more critical. In view of this, studies have been initiated in the analysis of triplet repeats in
Indian population and their association with neurological disorders. Expansion of triplet repeats known to
be associated with Huntington's disease, Myotonic dystrophy, SBMA, SCA1, SCA2, MJD and DRPLA.
During the current phase, analysis of triplet repeats is being undertaken in normal healthy and certain
affected individuals, along with their family members to validate the technology. The amplified products
are being confirmed using southern blot and probing with (CAG),0 oligonucleotide. These studies will be
introduced in the HBR population to determine the prevalence of specific triplet repeats, particularly in the
adult population.

Immunomodulation by radiation and natural products

The studies on modulation of immune response by fractionated low dose irradiation (LDR) in mice clearly
showed that the direction and extent of modulation varied with the antigen, type of response and the strain
of the mice. It was further established that the augmentation of proliferative response of splenic
lymphocytes to the mitogen Concanavalin A (Con A) in LDR exposed (20c Gy) C57BL/6 mice was on
account of the activation of CD4- (CD8+) sub-population of T lymphocytes. The spleen cells of irradiated
C57BL/6 mice stimulated with Con A also showed lower percentage of activation induced programmed
cell death and expression of the pro-apoptotic p 53 protein. In contrast similarly treated cells of irradiated
BALB/c mice showed suppression of response and elevateed levels of apoptosis and p 53. Analysis of LDR
effect on Fl hybrids of these two strains and their F2 progeny is in progress. Preliminary data do not
indicate clear dominance of LDR sensitivity or insensitivity.

A polysaccharide immunomodulator, G1-4A was isolated from the Indian medicinal plant Tinospora
cordifolia, in collaboration with Bio-organic Division, BARC. An application for process patent for this
immunomodulatory was filed with the Controller of Patents, Mumbai office (No.57/bom/98 dated 29.1.98).
A single injection of this compound augmented immune response to sheep red cells and ovalbumin in mice.
It is a polyclonal B cell mitogen. Labelling of this compound with biotin was carried out. It bound about
21.4 + 3.3 % of mouse B cells and did not bind T cells. Maximum binding (> 80% cells ) was seen to
macrophage rich splenic adherent cells. Interestingly, this binding was almost totally inhibited by
preincubation with bacterial lipopolysaccharide clearly indicating that both the mitogens bound to the same
receptor. Reciprocal inhibition of binding has also been observed. These results may explain the protective
effect of the crude aqueous extract of T. cordifolia stems on intestinal sepsis.

The studies on the mechanism of tumorigenicity of the mouse lymphosarcoma ascites (LSA) in Swiss mice
were continued. The tumor cells were found to secret a cytokine belonging to transforming growth factor P
family (TGF P). This was evinced from the susceptibility of these cells to recombinant TGF b, blocking of
the antiproliferative activity of the tumor culture supernatant by fetuin and anti TGF b antibodies This
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active supernatant inhibited proliferation of syngenic lymphocytes stimulated by mitogens and also of
allogeneic and xenogeneic tumor cells. In vivo growth of the tumor was accompanied by profound
leucopenia. These results demonstrated tumor derived cytokines bring about modulation of host immunity
and concentration dependent regulation of tumor growth which may facilitate metastasis.

Biology of radioadaptation and stress responses in human lymphocytes and laboratory mammals

Low-dose radiation pre-exposure induces radio-adaptive cytogenetic response, which to a significant extent
depends on dose, dose rate(s) of adaptive, as well as challenging dose, the phase of the eel! cycel, interval
between adaptive (AD) and challenging dose (CD) and fixation time after the challenging dose etc; Pre-
exposure of whole blood obtained from healthy volunteers to varying adaptive doses (0.5 to 10 cGy)
followed by subsequent exposure to challenging dose (100 cGy) showed an adaptive dose-dependent
response. Pre-exposure between 0.S to 5.0 cGy as priming doses resulted in significant adaptive response,
whereas 10 cGy showed practically no response. Exposure of cells to AD and CD at different phases of the
cell cycle indicated that when AD was given at an early Gl phase (26 h) and CD was given at late Gl
phase (30 h), maximum radio-adaptive response was seen.

In whole animal system, the augmentative effect of low dose radiation (LDR) on proliferative response to
Con A did not necessarily lead to adaptation toward a higher acute suppressive dose. C57BL/6 mice
exposed to 20 cGy of fractionated gamma radiation did not show protection from subsequent suppressive
exposure to 200 cGy. On the other hand, mouse strains which showed augmented response to Con A after
exposure to acute LDR (2.5 cGy) were protected (adaptive effect) from the damaging effect of subsequent
200 cGy acute exposure. Neither 20 cGy fractionated, nor 2.5 cGy acute, LDR produced any adaptive
effect for subsequent acute exposure to 400 cGy, which suppressed the Delayed Type Hypersensitivity
(DTH) response to dinitroflurobenzene in AKR mice. In erythrocytes prior in vitro exposure to 3 cGy
reduced membrane fragility to osmotic stress and also induced adaptive response to subsequent 12 Gy
challenge dose. The neuroleptic drug chlorazin abolished this effect when present during the challenge
irradiation.

Studies on the effect of whole body hyperthermia in offering protection against whole body radiation were
continued. Recent experiments indicated that in mice, which had been subjected to WBH of 40°C, there
was 85% thymic depletion 3 days later. WBH given again 3 days later showed 75% depletion in thymic cell
count, which is significantly lower than in control given WBH on day +3 only. The results suggest the
development of thermoresistance in thymus cells following WBH 3 days before the subsequent exposure.
Subsequent experiments indicated that thymus thermotolerance thus developed lasted upto 7 days. By day
14, there was virtually no thermotolerance. Similar experiments were conducted in AKR strain of mice
which develop spontaneous leukemia. These results indicated that WBH treatment with a gap of 2 weeks
could decrease die thymus count. This offers the possibility of using WBH as prophylaxis against the
development of AKR leukemia.

Alcoholism is a major confounding factor is occupational and environmental epidemiology. Studies on
multigeneration alcohol reproduction study in Swiss male mice were in progress which were maintained at
35% ethanol in drinking water. A batch of mice of both sexes from 51st generation (6-7 weeks old) were
kept on 35% and 40%. Results indicated that all the reproductive parameters, weight gain remained
comparable between control and ethanol fed groups. Longevity studies from 45th generation ethanol fed
group indicated that both in males and females, ethanol consuming mice died signficiantly earlier than the
controls in both the sexes. These studies indicate that, though physiological purturbations, if any, in the
adults did not influence reproductive process, chronic ethanol exposure influenced homeostatic integrity
with advancing age leading to early cessation of life.

Mechanisms of stress responses in nitrogen fixing cyanobacteria and rice

Environmental abiotic stresses, especially salinity drought and heat, are major deterrents of crop
productivity world wide. Studies have been in progress on the cellular and molecular responses of nitrogen-
fixing cyanobacteria and rice varieties to these stresses. Heat shock response has been characterized for the
first time in Anabaena strains. Cyanobacterial heat-shock response was found to differ from that in
Escherichia coli in the kinetics of heat-shock protein expression, their stability and abundance. Several
forms of GroEL polypeptides were detected in Anabaena by 2-D gel electrophoresis and were found to be
differentially regulated by osmotic and heat stresses. These appear to play role as general stress proteins
that provide a wide range of stress tolerance to Anabaena. Using Western blotting and immuno-detection
techniques, cyanobacterial homologue of the 32 kDa E. coli heat-shock transcription sigma factor (oJ2)was



found to exhibit molecular heterogeneity in Anabaena. The corresponding rpoH gene has been cloned from
Anabaena by complementation of an E. coli rpoH mutant.

An immediate response of cells to exposure to salinity or drought stresses is rapid accumulation of K+ ions
Using specifically designed primers and PCR amplification, the kdpABC operon has been partly cloned
from Anabaena. Analysis of several different PCR products generated with different primers clearly
suggests that more than one copy of Up genes exist in Anabaena and these are differently organised than in
E. coli. Further characterisation of these genes is in progres. This work has been carried out under the Indo-
German collaboration programme.

Maintenance of intracellular K+ levels has been found to be important for survival of cyanobacteria under
many different stresses. For example, cellular potassium levels were found to influence cyanobacterial
stress tolerance especially to salinity, drought and heat-shock. Potassium-rich cells expressed stress
proteins at considerably lower levels while potassium-deficient cells expressed stress proteins even in the
absence of stress. K+ thus appears to play a central role in regulation of stress responses of cyanobacteria.

Overlapping responses to gamma rays and salinity stress have been observed in rice plants. In particular; a
46 kDa stress protein induced by y-radiation and salinity stress in rice cultivar Bura Rata has been found to
exist in four forms. The y-ray induced protein has a pi around 5.5 while the salt stress-induced protein
shows at least three isoelectric ph (pi) forms between 6.2 to 6.5. Four salt stress proteins (21,24, 36 and 46
kDa) have been purified from 2-D SDS PAGE of rice shoot extracts. The N'-terminal amino acid sequence
of these polypeptides is being determined at present. Analysis of such genes/protein will reveal the signal
transduction mechanisms operating during exposure to salinity and radiation stresses in rice plants.

The photographic unit of the Division continued to cater the needs of the various Divisions in Biomedical
Group. The work included tracings, drawings, photogrphy and preparation of slides meant for records,
publications and seminars.
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The fellowship will be effective from January 1,1999.
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1998.

5. Stuppia Liborio, Departimento di scienze Biomedicina, Universita, G.D. Annunzio" Facolta di
Medicina e Chirugia 66100 Chieti, ITALY. " Origin and significance of genes mapped in Yq. March
30, 1998

6. Upadhyay S.N., Scientist V and chief Immunppharmacology group, Nil, New Delhi. Plant derived
Immunomodulators as potential therapeutic agents, November 02,1998.

7. Bonassi Stefano, Department of Environmental Epidemiology, Institute Nazionale per la Ricerca sul
Cancro, Largo Rosanna Benzi, 10, 16132, Genova, Italy. Chromosomal Damage in peripheral blood
lymphocytes and Risk of cancer in humans, December 07, 1998.

Invited Lectures/Session Chairpersons

1. Apte S.K., "Stress management in bacteria", First Lecture in the series organised by the Association of
Microbiologists of India, Mumbai Chapter, on February 14, 1998.

2. Apte S.K., "Heat-shock response in biological systems" at the UGC-sponsored Workshop held at Ruia
College, Mumbai on February 20, 1998.

3. Chaubey R.C., "Genotoxicity and its Modulation by naturally occurring compounds", Post Graduate
Department of Zoology, Berhampur University, Berhampur 760 007, Orissa, Nov.24,1998.

4. Chauhan P.S., "Natural compounds as effective antioxidants in the prevention of oxidative damage to
DNA and cellular membranes", 85th Indian Science Congress, Osmania University, Hyderabad,
January 3-7,1998.

5. Chauhan P.S., "Genetics and Environmental Health " Prospects and challenges", 50 years of
Independence Celebration lecture, Central Institute of Fisheries, Mumbai, February 11,1998.
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6. Chauhan P.S., "Genetic epidemiological studies in the HBR areas of Kerala coast : A gene-
environment interaction study", XXIII Annual Conference of the Environmental Mutagen Society of
India, Mysore, March 19, 1998.

7. Chauhan P.S. Chaired the 1st session, Plenary lecture, "Biological risk assessment", XXIII Annual
Conference of the Environmental Mutagen Society of India, Mysore, March 18-20, 1998.

8. Chauhan P.S. Co-chaired a session during DAE symposium on Recent Advances in Genetic
Epidemiology and Population Monitoring, Chennai, March 23-26, 1998,

9. Chauhan P.S. Co-chaired a session on SOMDI during a DAE symposium on Recent Advances in
Genetic Epidemiology and Population Monitoring, Chennai, March 23-26, 1998,

10. Krishnaja AP. " Fish cytogenetics, genotoxicity and mutagenesis" Training course on genetics and
Biotechnological tools in Auaculture and fisheres. Central institute of fisheries education, Mumbai,
December 12, 1998.

11. Sainis K.B. Co-chaired the interactive workshop on " Immunosuppressive agents including
immunomodulators of plant origin " at the 10* International Congress of Immunology, New Delhi,
Nov. 1998.

Scientific Recognition

1. Apte S.K. Sponsored by the Biotechnology Action Council of UNESCO as a Member of the
International Society for Plant Molecular Biology for the third successive year, 1998.

2. Apte S.K. Nominated Member of the Department of Science and Technology's Programme Advisory
Committee on Plant Sciences, New Delhi for a period of three years w.e.f. February, 1998.

3. Apte S.K. Appointed Chairman of the Department of Biotechnology's Expert Committee on
Biofertilisers and Integrated Nutrient Management, New Delhi w.e.f. May, 1998.

4. Apte S.K. Visited the Department of Biosciences, Vallabh Vidyanagar, Anand as UGC - Visiting
Fellow to give a series of 10 lectures in the areas of gene expression, signal transduction, heat-shock
response, salinity and drought tolerance and nitrogen fixation, from November 2-6, 1998.

5. Aravindakshan M. Member, Executive Committee, Environmental Mutagen Society of India 1997-98.

6. Chauhan P.S. Member, Research Council, Industrial Toxicology Research Centr (CSIR), Lucknow

7. Chauhan P.S. Member, ICMR Toxicology Review Panel, ICMR, New Delhi.

8. Chauhan P.S. Member, DST Project Advisory Committee in Biology of Indo-Russian Cooperation
(ILTP), Dept. of Science and Technology, New Delhi.

9. Chauhan P.S. Member of Scientific Advisory Committee, National Institute of Occupational Health,
Ahmedabad.

10. Chauhan P.S. Member of the Scientific Advisory Committee, National Institute of Nutrition,
Hyderabad.

11. Chauhan P.S. Member of the Pre-Clinical Toxicology Panel, ICMR, New Delhi.

12. Chauhan P.S. Vice President, Indian Society of Human Genetics for 1997-98

13. Chauhan P.S. Vice President, Environmental Mutagen Society of India for 1997-98.

14. Devasagayam T.P.A. Selected for consideration for the inclusion in the newest edition of "Who's Who
in the World" by the editors of Marquis Who's Who of New Providence, NJ, U.S.A.
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15. Devasagayam, T.P.A., Treasurer, Executive Committee, Environmental Mutagen Society of India,
1997-98.

16. Sainis K.B. Appointed Member, Committee to recommend the name of Head, Biochemistry Dept,
M.S. University, Baroda.

17. Sainis K.B. Appointed IAEA Expert for mission on Production of monoclonal antibodies for
immunoassays. Mission conducted in Atomic Energy Authority Egypt's Nuclear Research Centre,
Inshas, Cairo, Nov-Dec. 98

18. Sainis K.B. Appointed Member, Research Advisory Council of Haffkine Institute, Mumbai.

Committees/Meeting

1. Apte S.K. Attended on invitation the DBT-sponsored Brain Storming session on Biotechnological
Exploitation of Extremophiles for Industrial Applications held at the Tata Energy Research Institute,
New Delhi on January 27-28, 1998 and presented a Concept Proposal entitled "Development of a
cyanobacterial biomatrix for improvement of saline/arid zone soils".

2. Apte S.K. Attended the Guha Research Conference, 1998 held at the Andaman and Nicobar islands
from December 1-8, 1998.

3. Apte S.K. Attended the 64th Anniversary Meeting of the Indian National Science Academy held at
I.I.T., Channai from December 29-31, 1998.

4. Apte S.K. Attended the CSIR/HRDG Expert Committee Meeting to evaluate RA/SRF in the area of
Life sciences, held at New Delhi on February 23-24, 1998.

5. Apte S.K. Attended as Expert the Selection Committee Meeting of the M.S. University, Baroda for
appointemnt of Faculty positions on April 23, 1998.

6. Apte S.K. Chaired the Department of Biotechnology Expert Committee Meeting on Integrated Nutrient
Management on July 10, 1998.

7. Apte S.K. Attended the Programme Advisory Committee Meeting of the Department of Science and
Technology held at the University of Agricultural Sciences, Bangalore from October 4-7, 1998.

8. Chauhan P.S. as Member of the Research Council, ITRC attended 23"* and 24* Research Council
Meetings, ITRC, Lucknow on April 24-25 and December 3-4,1998.

9. Chauhan P.S. Expert Member of a Selection Committee, Indian Oil Corporation, R&D Centre
attended Selection Committee Meeting, Faridabad, June 12, 1998.

10. Chauhan P.S. Expert Member of a Selection Committee for promotion interview for CRI Scientists to
higher grade, CRI, Mumbai on June 19, 1998.

11. Chauhan P.S. as Member of Scientific Advisory Committee Meeting, National Institute of
Occupational Health (ICMR), Ahmedabad, July 14-15, 1998.

12. Chauhan P.S. Meeting on Collaborative Project on DNA polymorphism and Signing of MOU, with
Anthropological Survey of India, Calcutta, July 17-18, 1998.

13. Chauhan P.S. As Member attended Pre-clinical Toxicology Panel Meeting, ICMR, New Delhi,
September 22-23, 1998.

14. Chauhan P.S. Expert Member of a Selection Committee for promotion interview for CRI Scientists to
higher grade, CRI, Mumbai, October 28,1998.

15. Chauhan P.S. Member of DST ILTP Project Advisory Committee (PAC) in Biology Meeting,
Calcutta, December 14, 1998.

57



16. Poduval T.B. Participated in the workshop on Patent process at Homi Bhabha science centre,
Mankhurd, Mumbai, organised by DAE patent cell on September, 21-23, 1998.

Visits of Scientists abroad

1. Ballal Anand has been deputed to Prof. K. Altendorfs Laboratory in University of Osnabruck,
Germany for a period of 6 months under the Indo-German Collaboration Programme. He would be
carrying out experiments to clone and analyse the kdp gnes and their function in Anabaena L-31

2. Krishnaja A.P. deputed to attend the 13th International chromosome conference on new developments
in cytogenetics , Sept. 8-12, 1998, Ancona, Numana, ITALY, November 18, 1998.

3. Sainis K.B.. Appointed IAEA Expert for mission on Production of monoclonal antibodies for
immunoassays. Mission conducted in Atomic Energy Authority Egypt's Nuclear Research Centre,
Inshas, Cairo, from Nov -Dec. 98

4. Ganguly B.B. Pool Officer (CSIR) visited as guest scientist, the federal office for Radiation Protection
at the institue for Radiation hygiene, Germany, during November 3,98-December 24,98,

Miscellaneous Scientific Activities:

1. Chaubey R.C. Conducted Ph.D. Viva vice examination at Berhampur University, Berhampur, Nov.23,
1998.

2. Chauhan P.S., convened a discussion meeting on Radiation Hormesis held at BARC, April 29, 1998.

3. Chauhan P.S. Organizing Secretaries, DAE Symposium on Recent Advances in Genetic Epidemiology
and Population Monitoring, March 23-26, 1998, Chennai as Member Secretary of the BRNS, Basic
Science Committee (biology & Medical).

4. Devasagayam T.P.A. Served as a Ph.D. Examiner for the Berhampur University, Berhampur, Orissa.

5. Devasagayam T.P.A. and Kamt J.P. were involved in organizing the Discussion meeting on "Free
radicals in haman health: Friends or foes" organised by Indian Society for Radiation and
Photochemical Sciences, held at Tata Memorial Hospital, Mumbai.

6. Rao Uma N. was on the organising committee of the International Conference of Women in Science,
held by the Indian Women Scientists' Association at Vashi, New Bombay, 9-11 Oct. 1998.

7. Sainis K.B. Member, National Organising Committee of 10* International Congress of Immunology ,
New Delhi.

Training and/or collaboration

1. Ami Patel (M.Sc. Microbiology student) from Vallabh Vidyanagar, Anand, Summer Training from
May 6-June 5, 1998.

2. Renuka P. (M.Sc. Biotechnology student) from Central University, Hyderabad sponsored by the
Jawaharlal Nehru Centre for Advanced Research, Bangalore, Summer Training from May 6 -July 5,
1998.

3. Ajay Parida and Sudha Nair from the M.S. Swaminathan Research Foundation visited on October 28,
1998 for discussions regarding the MSSRF-DAE collaborative research project.

4. Karunakaran R. CSIR-SRF from Department of Biochemistry, M.S. University, Baroda, carried out
collaborative research on the regulation of rearrangements of cloned Anabaena niJD element in E. coli
in our laboratory from November 9, 1998 to December 8, 1998.
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5. Sunita R., JRF from M.S.S.R.F., Chennai studied the salinity stress-induced proteins in halotolerant
Psuedomonas strains isolated from coastal areas (under the MSSRF-DAE collaborative scheme on
Nuclear and Biotechnologicai Tools in Coastal Systems Research) from November 23, 1998.

6. Veena Desai, Ruia College, Mumbai, Rashmi C Gowda, University of Mysore, Bhakti Joshi, Inst of
Science, Mumbai and Medini Ghodgaonkar, Xaviers college, Mumbai, were given training in cellular,
biochemical, imunological, cytogenetic and molecular techniques.

7. MOU was signed with Anthropological Survey of India (AnSI) for a collaborative project on DNA
polymorphism in human populations, which includes training of manpower and transfer of DNA
technology to AnSI.

Training School

Sainis K.B., S.K. Apte, M. Seshadri, A.P. Krishnaja, Hema Rajaram, P.S. Chauhan and other staff members
continued to participate 41" batch of training programme of the Biology and Radiobiology Training
School.
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CENTRAL WORKSHOPS

Major Achievements

1. EQUIPMENT/COMPONENTS FOR FOREIGN COLLABORATION:

a) Development of CMS Detector; Under CMS-India Collaboration for CERN, scope
of work for CWS is to design, fabricate and install Support Structure of Muon
Detectors for all the 5 rings of CMS (Compact Muon Sloenoid) Detector,

Fabrication of 16 Scintillator Detector Tray Assemblies as pre-production prototypes
was completed and the assemblies were handed over to TIFR for further integration.
These were further tested at CERN and approved for production.

Design proposal of the Support Structure was also submitted for approval. The
Compact Muon Detector is a gigantic system despite all sub-systems being as
compact as feasible. Design of the sub-system proposed to be supplied by CWS,
therefore has to be compatible with the adjoining sub-systems. To finalise this
aspect, as well as to carry out pre-fabrication trials by means of a prototype section of
the support structure, two senior engineers visited CERN in December '98. Certain
design modifications have been suggested by CMS project authorities, which, if
implemented, would cost twice the budget allocation. Therefore, CWS is in the
process of re-considering the proposal.

b) Detector Frames for PHENIX (32 Nos.) - Los Alamos National Labs., USA :
Nuclear Physics Division of BARC is a participant in PHENIX Muon Arm
Collaboration of Los Alamos National Labs., USA, and for this Central Workshop
has been assigned to develop Station II Frames for the Nqrth and South arm
magnets. The primary physics goals of the PHENIX muon arms are to contribute to
both the Relativistic Heavy Ion Physics and to the Spin Physics programme to detect
the quark - gluon plasma and measure its properties - ie. Vector Mesons (eg. mass,
width & yield).

The scope of work for Central Workshops is to develop and manufacture North and
South hanging structures, out of Al. Alloy 6061T6. Each of these structures consist
of 4 Front and 4 Rear chambers, and each of these chambers is made up of a pair of
Al. Alloy frames. To develop manufacturing procedure, one North Side Front
Chamber was built on prototype basis, adopting weldment route for Aluminium
Structures. Welded structure calls for post-weld heat treatment (stress relief), for
which a special furnace, of triangular shape with 2.5M long sides is built and is being
used. The prototype chamber was inspected and approved by Los Alamos National
Labs., USA at CWS.
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2. EQUIPMENT/COMPONENTS FOR POWER REACTORS:

a) End Fitting Bodies For 500 Mwe PHWR (TAPP4) - 850 Nos. End fitting bodies
along with Liner tubes are the main components of coolant channel assembly of all
Nuclear Power Reactors. CWS has established full-fledged machining set up and
expertise to handle developmental activities and production for these components for
235Mwe Power Reactors. Manufacture pf these End Fitting Bodies for the Coolant
Channel of the proposed 500Mwe Power Reactor was taken up on turnkey basis.

The overall features of the SOOMwe End Fitting Bodies are similar to those of the
235Mwe End Fitting Bodies, but are larger in size. These are 2516mm long, outside
diameter varying between 186 & 163mm, the bore varying betweenl37mm and
111mm, and a side port. As in the case of 23SMwe End Fittings, these too are
manufactured from SS403 solid forgings. Manufacturing procedures established
earlier had to be revised, and machining capacities / toolings extended to
accommodate these End Fittings. The End Fittings are put through a series of 36
manufacturing stages / operations, which involves the use of special long bed Deep
Hole Boring machines, Honing machines, Turret and Centre lathes, and a CNC
Turning Centre. Custom-built tools are extensively used on these machines as well
as on milling machines customised for milling and boring operations. A bogey-
hearth stress-relieving furnace was specially acquired for stress relieving of these
End Fittings.

Requirement of one SOOMwe Power Reactor has been completed and delivered, Few
more End Fittings, which are to be reserves as Spares, are at an advanced stage of
completion. It is expected that Central Workshops will be called to manufacture
more of these End Fittings for future 500Mwe Power Reactors.

b) Development of Control Rod Guide Tube for TAPS - 12 nos. of Guide Tube
Support Assemblies are to be manufactured for TAPS. The assembly consists of a
stainless steel pipe 203mm diameter, 3.3S meter long with SS castings welded at
either end. The castings are about 203 mm in diameter and 229 long and are of
complex geometry. Casting and machining of these castings to the defect free
standards required for power reactor applications is most challenging of the jobs.
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Investment Casting Process for casting defect free castings has been developed, and
4 castings have so far been obtained with the help of private industry, since CWS
facilities are inadequate for such casting work.

c) Fuelling Machines for SOOMwe PHWR: CWS was assigned with the work of
manufacturing a total of 5 Nos. of Ram Assemblies and 9 Nos. of Magazine
Assemblies of Fuelling Machines for the proposed 500Mwe Power Reactors by
NPC. Work on the first batch of 5 Nos. of Ram Assemblies is in progress. As for the
Magazine Assembly, work on only two major components, namely Pressure
Housing (3 Nos.) and End Covers (4 Nos.) could be carried out For rest of the
components, material is awaited.

3. ON GOING PROJECTS:

Central Workshop has been participating in various projects of DAE, in the form of
design, development and manufacture of Mechanical sub-systems over the years.
Given below is a brief description and current status of few of the projects at hand:

a) PRP Project:

i) Control Rod Drive Mechanism Components: The Control Rod Drive
Mechanism components are high precision, intricate ASME Section HI class I
components. Manufacturing processes are established by carrying out trials in
form of tasks, and properly documented detailing all manufacturing stages. The
established manufacturing processes were later proved, by fabricating over 300
prototype components.

Subsequently, manufacture of CRDM Components was taken up and in Phase I,
manufacture of 143 components in various quantities (totaling 559 Nos.) for
Shut Off Rod Sub-assembly, Control cum Shut Off Rod Sub-assembly and
Regulating Rod Sub-assembly was completed.

In Phase II, 111 components (totaling over 2200 Nos.) of the same sub-
assemblies were to be manufactured. Majority of the components in this batch
are now completed, and rest of the components are scheduled to be completed
before the year end.

Simultaneously, 108 components of Control Rod Extension Assembly were
also manufactured in a separate batch and delivered.

ii) Seal Catting Machine: This special purpose machine, for in-situ cutting of the
canopy seal of Steam generator and pump is designed and developed in CWS.
To prove the design, a prototype of this machine was built, for which large
sized bearings and gears were manufactured in-house. The design was proved by
seal cutting trials on mock-ups, and the design has further been improved.
Manufacture of machine for actual use has now been taken up. For this machine,
hopwever, standard bearings will be procured.
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b) AHWR Project:

4.1 Fuel Spacer Development: As part of the Advanced Heavy Water Reactor
(AHWR) design programme, RED has taken up the design and development of
the fuel bundle. The fuel bundle will contain 52 elements and be 4M long. The
Spacer, which will retain the fuel bundle configuration, is a critical component
and three versions of a design have been selected for further analysis and adoption
for final use. CWS is to manufacture 6 Nos. of the spacers of each version
successively, and manufacture of components for the first version has been
completed. Assembly of this batch of Spacers has been taken up.

CWS will also assist RED in aspects such as selection of material, method of
fabrication for initial as well as mass production, heat treatment requirements,
mechanical testing, quality assurance etc.

c) FISBE (Facility Integral System Behaviour Experiments) Project:

i) Steam Generators (2 Nos.): These steam generators comprise of a 'U' tube bundle
which is over 10m in length and is made up of 45 Incoloy tubes of size 16mm OD
x 1mm w.th. Grid Plates (14 Nos.), Tie Rods (6 Nos.) and Filler Tubes (29 Nos.),
all of them of unique design, are the other parts of the tube bundle (apart from
tube sheet) which provide rigidity to it as well as control the fluid flow in shell.
Overall length of the Steam Generators is approximately 18M and are vertically
mounted. Standard seamless pipes and forged flanges are used for the shell,
nozzles and other parts. The 'U' Tubes, however, are to be fabricated by salvaging
a discarded lot, and will involve a weld joint.

Details have now been finalised with the help of CWS and fabrication drawings,
except for instrumentation details are now ready. Most of the material has been
received and work on non-critcal components is in progress. Welding procedures
for incoloy tube welding, incoloy weld overlay on carbon steel, and tube - to -
tube sheet weld joints have been developed and manufacture of tube sheets etc. is
being taken up. Further development work pertaining to Grid Plates,
Instrumentation etc. needs to be carried out.

ii) Fuel Cluster Simulators (2 Nos.): These Fuel Cluster Simulators are high
pressure and temperature heat exchanger equipment, made up of a bundle of 19 -
6M long heater elements with copper leads housed in a SS shell. The copper leads
are brazed to a tube sheet like plate, and this brazed joint will have to withstand
high pressure (180 Kg/cm2) at elevated temperatures. The overall length of the
Simulator is 10M.
Design of the Simulators has been frozen, and drawings are ready, and work can
be taken up on receipt of material. Brazing procedure, however, will have to be
developed.
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d) FOTIA Project:

For the FOTIA (FOlded Tandem Ion Accelerator), Column Plates (10 Nos.), 180°
Bending Magnet, 20° Electrostatic Deflector, 90° Analysing Magnet and Jacketed
Dome Shell were manufactured and supplied by CWS.

Aditionally, when the original design of the Column foiled to meet the design
requirements, CWS assisted in re-designing the Column Plates and Column Plate
Supporting Arrangement The Column Plates were extensively re-worked and
modified supporting arrangement components were manufactured and assembled.
The assembly of the Accelerator Column was modifed and later carried out under
CWS supervision, to satisfy all design parameters.

e) R-F.Cavity for Superconducting Cyclotron Project:

Superconducting Cyclotron is a sanctioned project of VECC for which CWS have
been asked to take up the fabrication of R.F. Cavity. This will be a major project
since a rough estimate indicated a workload of over 5000 machine shifts with at
least 50% CNC machine load component and a equal number of fabrication man-
shifts. A variety of tooling and equipment will have to be arranged and a large
amount developmental work will be needed. Considerable amount of design
engineering effort is involved. Work to evolve a overall manufacturing plan, in
coordination with users, has been in progress for some time. Work pertaining to
development of manufacturing processes, design and development of tools, jigs
and fixtures, procurement of material etc. has also been in progress. Action has
also been taken to develop vendors / manufacturers so as to be able to utilise
expertise available in Indian Industrial sector. Current status of this project is as
under

(i) All components of the RF Cavity have been identified and numbered with an
unique identification number. A data base listing drg. No., quantity, material
details and assembly sequence of all manufactured/std. parts has been
prepared. Bill of materials was obtained from this database, and all will be
the reference for all further work / documentation.

(ii) Bulk of the raw material has now been procured, a sizable part from overseas
suppliers. Key components such as extra long ball screws have also been
procured.

(iii) A contract for flow forming of two critical components in OFHC Cu has
been awarded. The vendor will develop required tooling and flow form the
components. Negotiations are also in progress to sub-contract another
component, required in large quantity. Quality aspects in both cases will be
monitored by CWS.



(iv) Certain trials to develop manufacturing processes have already been
successfully carried out and manufacture of a few components has been
initiated.

(v) Scale model of a complicated former in Al.Alloy for another component has
also been machined, finalising the machining process for the required foaner.

4. FUTURE PROJECTS:

Central Workshop will be a major participant in the following projects in design
development, prototype engineering and manufacturing of relevant systems. Brief
account of the major projects, currently under design, is as follows:

a) Electron Beam Centre Project (Khargar): Electron Beam Centre is a large
capacity Irradiation Facility for Industrial Products, is being built at Khargar, Navi
Mumbai in collaboration with Society for Applied Microwave Electronic
Engineering and Research (SAMEER). The centre will have one 3MeV, 30KW DC
Accelerator and one lOMeV, 10KW LINAC - RF Accelerator. Special product
handling systems are called for handling the wide range of products proposed to be
irradiated, and CWS has been assigned with work of designing and developing such
a system. In addition, CWS will also design and manufacture other mechanical sub-
systems for the Electron Beam Centre.

b) PRP Project:

i) CRDM Components (version II): Having contributed in development and
manufacture of CRDM components in Phase I and Phase II, CWS Has now
taken up the development of Version II components. Development work
pertaining to critical components is in progress.

ii) Indigenous Pump Development Project (IPDP): Central Workshop will be
part of this project, and is expected to contribute towards design and
manufacture mechanical sub-systems.

c) MACE Telescope: On successful design, manufacture, installation and
commissioning of 3 Nos. of Gamma Ray Telescopes, CWS has now been assigned
with design, development and manufacture of MACE Telescope. This telescope
basically has the same function as that of Gamma Ray Telescope, but with a much
higher resolution. The Mirror Basket will be 25M dia. as against the 8M dia Mirror
Basket of the GRT. To reduce weight, lightweight metallic mirrors will be used, and
design of the basket frame and maneuvering system will be different. Various design
options are being evaluated.
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d) Advanced Heavy Water Reactor (AHWR) Project: Central Workshops is on the
Project Implementation Committee, and has already assisting in the development of
Fuel Spacers. Central Workshops will also be responsible for the process
development for the manufacture of mechanical sub-systems and for the
development of suppliers / vendors of such equipment

e) In-Service Maintenance Tooling of PHWR Fuelling Machines: CWS is part of
the task force formed to design, develop and manufacture various toolings for the
maintenance of PHWR coolant channels in general and Fuelling Machines in
particular. Design of tools for application of different parts of the coolant channel /
fuelling machine is in progress.

5. EQUIPMENTS FOR SCIENTIFIC RESEARCH:

a) 5 Kj Blumlein Pulse Generator Assembly For LPTD - 1 No: This vessel stores
electrical energy at a very high voltage. The assembly consists of multi-cylinders of
large size with mirror-finish surfaces, and separated by countered acrylic interfaces.
All comopnents other than one closure flange and the interfaces are out of SS304L,
and fabricated fabricated as per ASME Section Vm Divn.1. All cylindrical
components were subject to hydrosfatic test CNC machines were used to machine
acrylic interfaces / closure flange countours.
To set an assembly procedure, as well as to intergrate the components, trial assembly
was carried out using dummy components in wood in place of acrylic components.
An assembly jig was improvised and prepared, with the use of which, the assembly
of the Pulse Generator can be carried out with ease and without any damage to the
acrylic components.
Polishing / buffing of the components to impart the required mirror finish was sub-
contracted. All work on the Pulse Generator is now completed.

b) Antenna For Aditya Tokamak For IPR - 1 NorThis Antenna is to be installed on
the Adithya TOKAMK at IPR, Gandhinagar, and is meant for Ion Cyclotron Plasma
Heating (ICRH) experiments. It is of stripline type, following the toroidal contour of
the Plasma. Its one face is connected to the transmission line through an interface
while the other face is exposed to the plasma. The antenna is designed to couple 200
KW of RF power at 20 to 40 MHZ frequency to the plasma, and to provide return
path to the RF current by short circuiting the central and outer conductors.

The Antenna consists of three main sub-assemblies: (i) Central and Outer Conductor
Assembly with Central Conductor as link for RF power between transmission line
and plasma and Outer Conductor as the return path for RF current, (ii) Connecting
Plate for shorting the Central and Outer Conductors at their top end, and (ii) Outer
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Shield made up of plates, graphite tiles and faraday shield to protect the charged
particles and heat flux.

Fabrication of the antenna is in progress.

c) Single Crystal X-Ray Diffractometer For DST: This 4 - axis fully computerised
Dif&actometer for crystallographic studies of crystal elements of single crystal
configuration was designed and developed in CWS for Department of Science &
Technology (DST). All four axes have independent drives, and are designed for
positioning accuracy ('sphere of confusion' ie. the intersection of all four axes) better
than 25 microns. The Dif&actometer has in-built collimated x-ray source and
detector for the measurement of the intensity of diffracted x-rays.

A Dif&actometer was manufactured to high quality standards to meet the accuracy
requirements and was handed over for evaluation. The job was referred back to
CWS, as some design deficiencies resulting in larger 'sphere of confusion' were
noticed during trials. The design has since been reviewed and the Diffractometer has
been re-engineered. The 'sphere of confusion', as a result, is now smaller than 25
microns, and consistently good results are now being obtained.

This instrument will be centralised facility at BARC for crystllographic studies, and a
MOU has been signed between BARC & DST to this effect.

c) Gamma Ray (TACTIC) Telescopes - 3 Nos. for NRL: 3 Nos. of these telescopes
were designed, fabricated ^^transported to site at Mount Abu and were installed by
CWS. An add-on sub-system, namely the Vortex Element Camera, was later
designed in CWS and is at advanced stage of manufacture, for all three telescopes.

d) Beam Line (Spectroscopy) Equipment: A large number of equipment such as
Grating Mounts, Mirror Mounts, Monochromators, Vacuum Chambers, Scanners
etc. have been designed and manufactured by CWS from time to time. Presently 10
such equipments are in progress, for use on INDUS, PASS and PES beam lines.

e) Hyperbolic Quadrupole Ion Trap For Spectroscopy Divn. - 1 No: This unit
consists of three parts out of OFHC copper - one with double hyperboloidal curve
and the other two with one such curve. Crest of one of the parts with single curve has
to have the form of a fine mesh sieve - to be formed preferably by a fine wire mesh
or alternatively, by drilling fine holes.

To machine the curves, CNC programs making use of CAD / CAM facility have
been developed and a set of parts have been machined on trial basis and evaluated.
Drawings have now been finalised for the Ion Trap for actual use, and work has
been taken up.

Users have also procured the required wire mesh, and parameters of diffusion
bonding process for forming the crest of the curve using this wire mesh has also been
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finalised. Option of drilling of holes to form the perforated crest also is retained, and
an additional part is being made for this purpose.

6. PUBLICATIONS / PRESENTATIONS:

a) Publications:

(i) 'Development of Al-5% Ti-1% B Master Alloy (Dr. JJSrishnan, Shri B.R.Gund)
- published in Journal of Alloys and Compounds, vol.269, ppl38-140, May 1998.

(ii) 'Investigation of Abrasive Jet Machining for DE-burring' by Shri
R.Balasubramaniam and Dr. J. Krishnan published in Journal of Materials
Processing, Vol.79(1998), p52-58.

b) Presentations:

(i) 'Development in Remote Handling and Automation Systems' (Shri M.
Jayandranath) was presented at the seminar on Indigenous Developments in
Advanced Technologies at BARC, on June 4,1998.

(ii) 'Concurrent Engineering with CAD/CAM/CAE, Virtual Prototyping and Rapid
Prototyping' (S/Shri M. Jayandranath, S.Guha, M.Uango) was presented at
seminar on VIE at ECIL, Hyderabad on June 19,1998.

(iii) 'Enhancement of Surface Mechanical Quality by Burnishing on SS403 and
SS304L' (S/Shri T.L.CkKutty, M.D.P.Gupta, S.BJawale) at IMTDR Conference,
HT Kharagpur, Dec.21-23,1998.

(iv) 'Heavy Duty Internal Divergent Taper Tooling Adaptable to Milling Machine'
(S/Shri TX.G.Suatty, C.M.Yadav) at IMTDR Conference, ITT Kharagpur,
Dec.21-23,1998.

(v) 'An Experimental Study on Maintaining Surface Finish Value within a Narrow
Band Of Tolerance' (S/ShriR.Balasubrarnaniam, H.B.Panse, A.M.Rao,
MJayandranath) at IMTDR Conference, ITT Kharagpur; Dec.21-23,1998.

(vi) 'A Study on the Abrasive Jet De-burring Process' (S/ShriR.Balasubramaniam,
DR,J.Krishnan) at IMTDR Conference, DT Kharagpur, Dec.21-23,1998.
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CENTRALISED WASTE MANAGEMENT FACILITY
KALPAKKAM

Major Achievements

1.0 OPERATION AND MAINTENANCE

1.1 The Liquid Effluent Treatment Plant, Solid Waste
Management Facility and the Decontamination Centre were
operated satisfactorily to provide uninterrupted service
to MAPS, KARP, and various units of IGCAR, as per the
AERB authorisation No.0012. During 1998, about 27,500 M3

of various categories of liquid waste were received and
discharged to sea after dilution/treatment and monitoring
within the discharge limit approved by AERB. About 320
M3, of solid wastes were received of which 185 M 3 was
disposed directly while the balance was treated by
baling/incineration, before disposal to Brick Walled
Trenches (BWT), Reinforced Concrete Trenches (RCCT), and
Tile Holes (TH). In the Decontamination Centre, about 108
tonnes of protective wear were received, decontaminated
and sent back to the users for reuse.

1.2 Evaporation Plant - An Evaporation Facility for treating
Category III liquid waste has been set up which is
undergoing pre-commissioning trials. The necessary
control instrumentation has been installed and is being
tested.

1.3 Environmental Surveillance around the Waste Disposal Area
of CWMF - Regular monitoring of borehole water and soil
samples has been carried out. Ground water samples from
11 boreholes are collected every month and analysed for
relevant parameters. Two boreholes located in the
vicinity of RCC trenches have shown slightly higher
tritium activity in the ground water than the rest of the
boreholes. Remedial measures like pumping out the
borehole water, emptying the nearest row of RCC trenches
by pumping out any accumulated water, fresh sealing of
the concrete lids on the trenches etc. have been taken up
and these have resulted in substantial reduction of the
tritium activity. Soil samples have also been collected
at different depths from various locations around the
area and sent to the Health and Safety Division, IGCAR
for analysis of the 137CS content.

1.4 All the liquid effluent transfer pipelines, connecting
MAPS and various units of IGCAR to CWMF and
interconnecting different units of CWMF, were tested
every 6 months, in accordance with the guidelines
stipulated by SARCOP, AERB.

1.5 The Health and Safety aspects of the operating plant were
satisfactory with no major unususal occurrence. Routine
survey of the operating areas, personnel and
environmental surveillance of the disposal area was
carried out.
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1.6 An amount of Rs.206.41 lakhs was received from Madras
Atomic Power Station towards the radioactive waste
management services provided to them. This includes the
balance payment due during 1996-97 and partial payment
for the current year.

2.0 WORKS

2.1 Construction of additional Pre and Post-treatment tanks
was completed.

2.2 A new battery of Reinforced Cement Concrete (RCC)
Trenches with improved design have also been constructed.
These trenches have been provided with thicker cover
slabs so that wastes with surface dose as high as 500
raS/h can be stored in them, vis-a-vis the earlier
trenches where the upper limit on the dose was 20 mS/h.

2.3 Construction of RCC pavement around Tile Holes phases I
to IV was completed.

2.4 Construction of Tile Holes battery VII and VIII is under
progress.

3.0 PROJECTS

3.1 Augmentation and Revamping of CWMF

3.1.1 Approval of Rs.335 lakhs for the revamping and
augmentation of CWMF has been obtained from DAE.

3.1.2 Action has been initiated for the procurement of a
Centrifuge (Rs.15.00 lakhs) Laundry Machines (Rs. 8.90
lakhs) a Pneumatic Cement Transfer System (Rs.28.52
lakhs) and Plant Instrumentation (Rs.213.09 lakhs)

3.2 Management of Alpha Bearing Solid Wastes at Kalpakkam

3.2.1 Approval of Rs.700 lakhs has been obtained for this
project.

3.2.2 Design of process system is in progress.
Recommendation for the procurement of Shielded cask was
given. Process EPs in civil structure for equipment &
piping are being checked as per the progress of civil
works. About 80% civil work has been completed. Technical
specification for 200 tonnes baling unit are being
finalised.

3.3 Radioactive solid waste management during Enmasse Coolant
Channel Replacement of MAPS-1 (ECCR)

Enmasse Coolant Channel Replacement (ECCR) of MAPS-I is
planned t-.o be taken up during May 2000. The resultant
radioactive solid waste like coolant channel, end-fitting
and associated hardware is to be managed by CWMF. A
Project and Safety report has been prepared based on RAPS
experience and submitted to MAPS for getting final
clearance from SARCOP and AERB. The total cost of the
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project works out to Rs.511 lakhs. Action has been
initiated for procurement of long term delivery items
like Goliath Gantry Crane (Rs. 60 lakhs) and steel hume
pipes (Rs.20 lakhs).

4.0 DESIGN

A fixation facility for concreting Cat.IV liquid waste
from KARP laboratories has been designed. Cement fixation
system has been installed and commissioned. Hold up tanks
& metering tanks have been ordered and piping layout is
being made. Expansion proposal for CWMF at a cost of
Rs.980 lakhs was prepared to take care of the additional
waste likely to be generated from expansion of KARP.

5.0 RBSERACH 6 DEVELOPMENT

5.1 Treatment of Category III Liquid Waste - Ion exchange
treatment of 10.5 M3 of Category III liquid effluent
(13'CS Sp. act. around 4000 MBq/M3) received earlier from
MAPS, was completed. In this process, three different
ion-exchange media viz. polyacrylic fibre coated with
cupric ferric hexacyanoferrate (CuFeHCF-Fibre), organic
resin loaded with cupric hexacyanoferrate (CuHCF-resin)
and a mixture of indigenously available commercial
zeolites were evaluated in pilot scale experiments (bed
volumes 1.0-1.3 L) for the removal of 1 3 7CS. The obtained
Decontamination Factor (DF) values with respect to 1 3 7cs
were initially in the range 850-250 for the individual
medium. The DF values reduced to about 50 when 2200, 1700
and 1200 bed volumes of the waste were passed through
CuFeHCF-Fibre, CuHCF-resin and mixed zeolites column
indicating their relative performance. When the mixed
zeolites and CuFeHCF-Fibre columns were operated in
series, the total DF was found to be above 2000.

5.2 Treatment of Category II liquid waste - Several streams
of Category II liquid wastes received from MAPS were
treated by chemical precipitation and ion-exchange
(vermiculite or organic resin). It was observed that the
final gross B,r specific activity in the waste treated by
chemical precipitation was generally in the range 0.37-
0.74 MBq/M3 (1-2X10"5 mCi/L). On further passing the
treated waste through ion-exchange column containing
vermiculite or organic resin, it was reduced to about
0.15-0.30 MBq/M3 (4-8xlO~6mCi/L), thus, requiring less
than 10 times dilution before discharge to sea. It is now
proposed to pass the Category II waste directly through
the resin column i.e. without the step of chemical
treatment and compare the DF values.

5.3 Treatment of KOH-bearing waste - Occassionally, a highly
alkaline liquid waste containing about 3-4 N KOH solution
is received from the heavy water upgradation plant
(HWUGP) of MAPS. Earlier, this waste was treated by
direct fixation in cement matrix followed by disposal in
RCC trenches. However, this used to occupy a large space
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in the RCC trenches making the process very expensive. As
an alternative, it was decided to neutralise the alkaline
waste to a pH value of about 9, using commercial nitric
acid and mix the neutralised waste with other normal
stream of Category II liquid waste, before subjecting to
treatment by chemical precipitation and ion-exchange. A
total quantity of 12.6 M3 of KOH was subjected to this
treatment and disposed.

5.4 Hydrated manganese oxide loaded polyurethane foam has
been found to be effective for strontium uptake. The
loaded foam was found to be digestible in 14 N HNO* and
the digested liquid could be fixed in ordinary Portland
cement* Further work is in progress.

5.5 Studies on NOx destruction in off-gas using Ruthenium
based catalyst prepared in CWMF laboratory, is being
pursued.

5.6 Studies on removal of insoluble silica from rare earth
(RE) chloride solutions generated at IRE were carried out
using polyelectrolytes. Results have shown that after
providing 3 time dilution, 10 ppm dosing of
polyelectrolyte followed by ultrafiltration, reduced the
silica concentration below detectable limit in treated
stream.

5.7 Process Parameters such as pressure and chemical dosing
for treatment of Cs-137 fi sr-90 bearing simulated low
level waste on ultrafilter demo unit are being optimised.

5.8 Characterisation of backfill materials such as bentonite
and vermiculite by X-ray diffraction (XRD) is in
progress.

5.9 Regeneration of spent ion exchange resin using trivalent
ions such as Fe + T & Al+3 is being attempted to make the
resin inactive. Present studies show that Fe+3/Fe+2 could
completely regenerate the resin and the leached out Cs
does not get back into resin. This process, if successful
on pilot scale, will save cost of disposal of active
resin.
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CHEMICAL ENGINEERING DIVISION

Major Achievements

Chemical Engineering Division continued to work on processes for fluorine,
sulphur nexafluoride, scintillation chemicals, stabie isotopes, uranium, thorium
etc.

During Eighth Plan three projects were undertaken, these are in various
stages of implementation. These are :

1. Development of 1500 Ampere capacity fluorine cell and pilot plant for sulphur
hexafluoride - All the equipments are installed. Power supply, piping and
instrumentation works completed. Systemwise blank runs were carried out
and utility systems were commissioned. Fluorine cell commissioning
commenced.

2. Enrichment of boron-10 by ion-exchange - Pilot plant is in operation.

3. Recovery of uranium and liner material from uranium slag - Civil works,
installation of equipments, instrumentation have been completed and
commissioning commenced.

Two projects under IX Plan are being implemented. These are :

1. Development of nuclear grade thorium oxide - Design and procurement
action is in progress.

2. Lithium metal pilot plant - Design and procurement action is in progress.

Preparation and supply of plastic scintillator blocks was continued, These
blocks are being supplied to T1FR. Scintillation chemical PPO was supplied to
Health Physics Division and BRIT.

Dry grinding of uranium slag facility was operated during the year and 20 MT
slag was ground. The ground slag is further processed to recover uranium
and the lining material.

Work on other R & D programmes such as pillaring of clays, liquid membrane
extraction system, preparation of scintillation chemicals, carbon anodes and
lithium metal purification etc. is in progress.

Publications :
Positron Annihilation Spectroscopic Investigation of Af-pillared
montmorrillonites
J.M.Joshi, H.S.Sodaye, P.K.PujarL S.Srisaila and M.B.Bajpai
Catalysis Letters 51, 1998
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CHEMISTRY DIVISION

Major Achievements

During the year the activities of Chemistry Division were primarily in basic sciences in

the thrust areas of radiation and photochemistry, chemical dynamics, catalysis, solid state

chemistry, interfacial sciences, high Tc superconducting materials, nanoclusters of metals and

inorganic and organometallic chemistry. The Division has been actively engaged also in R&D

work on hydrogels, catalyst development, thin films, ultrapurification of materials, etc.

Some of the significant achievements of these investigations are highlighted below:

Studies on ultrafast processes

Research work has been initiated on femto second transient absorption studies using the

recently developed Femto Second Laser Spectrometer based on a colliding pulse mode locked

dye laser. Solvent effects on the relaxation of electronically excited laser dye LDS-821 and

subsequent vibrational cooling were found to have life times of 1 to 4 picoseconds. During the

relaxation of electronically excited benzil continuous spectral changes were observed in time

scales of 0.4 to 400 picoseconds and were attributed to change-over from the skewed to the

planar excited state. The photophysical processes of substituted fullerenes like C60H,g, C60H36,

CgoCOH) ,̂ aggregation of fullerenes and fullerene-amine complexes in solution phase have been

investigated.

Radiation and photochemical studies of biomolecules, laser dyes,

antioxidants, atmospheric molecules and metal cluster generation

Advances were made in photochemical/photophysical studies on a variety of compounds

such as Coumarin-151, substituted coumarins, neutral red, exciplexes of different chemical

systems, fullerene-aromatic amine systems, curcumin, substituted biphenyls, biomolecules like
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melatonin, substituted quinones, laser-induced photodissociation of molecules and atmospheric

degradation of halons.

The free radical intermediates resulting from a number of drugs and antioxidant

molecules and biomolecules have been characterized by pulse radiolysis studies, and significant

results have been obtained.

The reaction of NO and NO2 with organic molecules, a thrust area in environmental

research, is being actively pursued.

Metal nanoparticle species of several systems have been prepared by radiolysis technique,

and their physicochemical characteristics have been established.

New process for hydrogels

A new process for the preparation of polyvinyl alcohol-based hydrogels by irradiation has

been developed in collaboration between Chemistry Division and BRIT. The process is simple

and gives a material of good mechanical strength and tackiness, at low capital cost. The material

is undergoing clinical trials for wound dressing on patients with burn injuries in local hospitals.

Cluster Generation Machine (One colour photograph enclosed)

The commissioning and testing of Cluster Generation Machine set up earlier as part of the

VHIth Plan project have been completed. Multiphoton ionization studies on acetone, ethyl

methyl ketone and diethyl ketone were carried out using a Nd:YAG laser, which established the

keto-enol isomerization in the excited state of molecular ions as revealed by Time of Flight Mass

Spectrometry. Theoretical calculations on the clustering behaviour of different elements in

bimetallic clusters were carried out and the results have been correlated with the

electronegativities of the constituent elements.

Superconductors, Molecular Magnets, Glasses

Several perovskite and perovskite-related oxides were synthesized and their

superconducting and other physical properties were investigated. Under the programme on
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Molecular Organic Magnets several heterometallic compounds were synthesized and their

physical properties were studied.

Solid state NMR investigations were carried out on a variety of glasses and microscopic

information around boron, phosphorus, silicon, and vanadium centres in the materials were

worked out.

Interfacial chemistry

Transient electric birefringence studies on micelles, and investigations on growth of

micelles in cationic-anionic mixtures by light scattering gave interesting results. Studies on self-

assembled monolayers and surface activity have been initiated.

It has been found that the poor selectivity of Amberlyst-15 ion exchanger resin as

compared to Dowex SOW x 8 resin could be attributed to the differences in the state of water in

the two types of resins, especially the preferential pore-filling in the macroreticular resin

Amberlyst-15.

Diamond films, coatings (Two colour photographs enclosed)

Heated filament chemical vapour deposition has been scaled up and optimised for

uniform diamond deposition on substrates covering upto 4.0 inch diameter, both planar as well as

three dimensional. Silicon wafers, large number of tungsten carbide tool tips, molybdenum tube

cutter wheels, etc., have been coated successfully. Diamond coated tungsten carbide tool inserts

have shown more than a hundred fold improvement in high speed machining of aluminium-based

alloys, and a very good surface finish. Methodology has also been developed for making upto

1.0 inch diameter self-supporting diamond windows which showed high X-ray transmission.

Diamond windows with ~ 4.0 mm diameter could withstand a differential pressure of ~600 mm

mercury.
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Catalyst for hydrogen mitigation in nuclear reactors, studies on catalysts

The metal and polymer-based catalysts developed for the removal of hydrogen from the

containment areas of nuclear reactors under postulated severe accident conditions were

successfully tested in an engineering scale test reactor set up by Reactor Engineering Division,

with high catalyst activity and reproducibility.

The pioneering work on catalysis and surface science carried out here has led to propose

the formation of molecular clusters of gases such as CO and NO in zeolitic cages.

Organometallics - Synthesis and structural studies

The chemistry of monomeric and binuclear palladium/platinum complexes with

organochalcogenide ligands has been developed. The monomeric complexes yield metal

sulphide/sulpho selenide on pyrolysis at low temperatures. The role of ligand bite in stabilizing

bimolecular complexes has been demonstrated. The bridging ligands play an important role in

mediating metal-metal interactions in a d8 metal ion configuration.

Theoretical studies

The conductivity of electrolyte solutions in polar fluids has been studied using a mode-

coupling theory based microscopic approach to the dielectric friction on an ion, in good

agreement with available computer simulation results. The same microscopic expression for

friction has also been used for the calculation of the rates of activated barrier crossing processes

for charge transfer reactions in solution.

A new perturbative density functional theory based on an approximate three body

correlation has been developed for the study of adsorption of inhomogeneous complex fluid

mixtures on surfaces and porous materials.

7T



IXth plan project

Procurement action for major equipments and materials required for the IXth Plan project

on Research in Frontier Areas of Chemical Science has already been initiated. Several purchase

files are ready and are at various stages of processing.

Publications

During the year over 120 research papers from the Division have been published/accepted

for publication in refereed journals. Many of these publications have appeared in international

journals of high impact.
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INDIGENOUSLY FABRICATED CLUSTER GENERATION UNIT CONSISTING Of

THREE VACUUM CHAMBERS AND A TIME OF FLIGHT MASS SPECTROMETER FOR

THE STUDY OF LASER INDUCED PHENOMENA IN CLUSTERS AND MOLECULAR

BEAMS
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DIAMOND COATED WC-TOOL BITS & MOLYBDENUM TUBE CUTTER WHEELS

1. DIAMOND COATED SILICON WAFERS UP TO FOUR INCH DIAMETER
2. DIAMOND WINDOWS UP TO ONE INCH DIAMETER
3. MOLYBDENUM TUBE (NINE mm. INNER DIAMETER, APPROX. 40 mm. LONG)

WITH ITS INSIDE COATED WITH DIAMOND.

LOW PRICE WITH INTERNATIONAL QUALITY
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PUBLICATIONS

I. PUBLISHED IN JOURNALS

(A) CHEMICAL DYNAMICS, RADIATION AND PHOTOCHEMISTRY

1. Reduction potential of the tert-butyl peroxyl radical in aqueous solutions
T.N. Das, T. Dhansekaran, Z.B. Alfassi and P. Neta
J. Phys. Chem., 102 (1998) 280-284.

2. Redox chemistry of 3-iodotyrosine in aqueous medium
T.N. Das
J. Phys. Chem., 102 (1998) 426-433.

3. Substituent effect and deuterium isotope effect on ultrafast intermolecular electron
transfer: Coumarin in electron donating solvent
H. Shirota, H. Pal, K. Tominaga and K. Yoshihara
J. Phys. Chem., 102 (1998) 3089-3102.

4. Flash photolysis studies on monohydroxy derivatives of benzophenones
A.C. Bhasikuttan, A.K. Singh, D.K. Palit, A.V. Sapre and J.P. Mittal
J. Phys. Chem. A., Ifi2 (1998) 3470-3480.

5. Absolute reactive cross section for H atom formation in the reaction of translationally
energetic O^D) atoms with methane
R.A. Brownsword, M. Hillenkamp, P. Schmiechen, H.R. Volpp and H.P. Upadhyaya
J. Phys. Chem. A, 102 (1998) 4438-4443.

6. One electron reduction of tetramethyl-hexahydroacridine : A pulse radiolysis study
H. Mohan, N. Srividya, P. Ramamurthy and J.P. Mittal
J. Phys. Chem. A, 102 (1998) 4444-4449.

7. Photophysical properties of C^H^ and C^Yi^ : A laser flash photolysis and pulse
radiolysis study
D.K. Palit, H. Mohan and J.P. Mittal
J. Phys. Chem. A, 102 (1998) 4456-4461.

8. Investigations of N-H stretching vibrations of the aniline-pyrolle binary complex and its
cation by infra red depletion spectroscopy
P.K. Chowdhury, F. Ito, K. Kawamata, K. Sugawara and T. Nakanaga
J. Phys. Chem. A, 1Q2 (1998) 4788-4793.

9. Two channels of electron transfer observed for the reaction of m-butyl chloride parent
cation with naphthols and hydroxy biphenyls
H. Mohan, R. Hermann, S. Naumoui, J.P. Mittal and O. Brede
J. Phys. Chem. A, VQ2 (1998) 5754-5762.
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10. Steady state and time-resolved studies on photoinduced interaction of phenothiazine and
10-methyl phenothiazine with chloroalkanes
S. Nath, H. Pal, D.K. Palit, A.V. Sapre and J.P. Mittal
J. Phys. Chem. A, 102 (1998) 5822-30.

11. Reduction potential of naphthoxyl and pyridoxyl radicals in aqueous solution
T.N. Das and P. Neta
J. Phys. Chem. A, 102 (1998) 7081-7085.

12. Dynamics of electron injection in nanocrystalline titanium dioxide films sensitized with
[Ru(4,4'-dicarboxy-2,2-bipyridine)2(NCS)2] by infra-red transient absorption
R. Ellingson, J.B. Asbury, S. Ferrere, H.N. Ghosh, T. Lian, A.J. Nozik
J. Phys. Chem. B, 1£2 (1998) 6455-6458.

13. Direct observation of ultrafast electron injection from coumarin 343 to TiO2 nanoparticles
by femtosecond infrared spectroscopy
H.N. Ghosh, J.B. Asbury, T. Lian
J. Phys. Chem. B, 102 (1998) 6482-6486.

14. Aggregation of fullerene C^ in benzonitrile
S. Nath, H. Pal, D.K. Palit, A.V. Sapre and J.P. Mittal
J. Phys. Chem. B, 102 (1998) 10158-64.

15. Interfacial electron transfer between Fe(II)(CN)6
4' and TiO2 nanoparticles : Direct

electron injection of non exponential recombination
H.N. Ghosh, J.B. Asbury, Yuxiang Weng, T. Lian
J. Phys. Chem. B, K>2 (1998) 10208-10215.

16. Highly predissociative levels of CH B22" state detected with two-color resonant
four-wave mixing spectroscopy
Awadhesh Kumar, C.-C. Hsiao, W.-C. Hung and Y.-P. Lee
J. Chem. Phys., 102 (1998) 3824-3830.

17. Rotational dynamics of neutral red. Do ionic and neutral solutes experience the same
friction?
G.B. Dutt, M.K. Singh and A.V. Sapre
J. Chem. Phys., 109 (1998) 5994-6003.

18. Structure of the aniline-benzene and aniline-cyclohexane clusters based on infrared
depletion spectroscopy
P.K. Chowdhury, K. Sugawara, T. Nakanaga and H. Takeo
Chem. Phys. Lett., 2£5 (1998) 77-82.

19. Dynamics of H + HC1 gas phase reaction : Absolute reactive cross-section of
atom formation
R.A. Brownsword, C. Kappel, P. Schmiechen, H.P. Upadhyaya and H.-R. Volpp
Chem. Phys. Letters, 289 (1998) 241-246.
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20. Observation of saturation dip in degenerate four-wave mixing and two-colour resonant
four-wave mixing spectra of jet-cooled CH
Awadhesh Kumar, C.C. Hsiao, Y.-Y. Leed, Y.-P. Lee
Chem. Phys. Lett., 297 (1998) 300-306.

21. Anomalous high reactivity of formyl and acetone ketyl radicals with uracil and its
derivatives
C.T. Aravindkumar, T.A. Jacob, H. Mohan, H.S. Mahal, T. Mukherjee and J.P. Mittal
Chem. Phys. Lett., 287 (1998) 645-652.

22. Dual solvatochromism of neutral red
M.K. Singh, H. Pal, A.C. Bhasikuttan and A.V. Sapre
Photochem. Photobiol., 68 (1998) 32-38.

23. Excited states and electron transfer reactions of C^OH)^ in aqueous solutions
H. Mohan, D.K. Palit, D.M. Gubli, K.-D. Asmus, L. Ychiang and J.P. Mittal
J. Chem. Soc. Faraday Trans., 94 (1998) 359-363.

24. Effects of organised media on the excited state proton transfer in 2-(2'-pyridyl)
benzimidazole
M.C. Rath, D.K. Palit and T. Mukherjee
J. Chem. Soc. Faraday Trans., 94 (1998) 1189-95.

25. Physico-chemical and ion-exchange characteristics of ammonium molybdophosphate
irradiated with electron
K.L.N. Rao, K.S. Sarma, C. Mathew, A.V. Jadhav, J.P. Shukla, V. Natarajan,
T.K. Seshagiri, S.K. Sali, V.I. Dhiwar, B.M. Pande and B. Venkataramani
J. Chem. Soc. Faraday Trans., 94 (1998) 1641-1647.

26. Intensity and pressure effects in CO2 laser induced C-13 enrichment with temporary
modified pulses
V. Parthasarathy, Sanjukta Nad, K. Annaji Rao and S.K. Sarkar
J. Photochem. and Photobiology A : Chemistry, H i (1998) 1-6.

27. On the exciplex formation in the energy transfer from aromatic molecules to crystal violet
A.C. Bhasikuttan, L.V. Shastri, A.V. Sapre and J.P. Mittal
J. Photochem. Photobiol. A Chemistry, 112(1998) 179-185.

28. Femtosecond IR study of reactive intermediate in an alkane C-H bond activation reaction
by Cp Rh(CO)2

J.B. Asbury, H.N. Ghosh, J.S. Yestan, R.G. Bergman and T. Lian
Organometallics, 17 (1998) 3417-3419.

29. Oxidative damage induced by the fullerene C«> on photosensitization in rat liver
microsomes
J.P. Kamat, T.P. A. Devasagayam, K.I. Priyadarsini, H. Mohan and J.P. Mittal
Chem. Biol. Int., H4 (1998) 145-159.

30. Ultrafast intermolecular electron transfer in coumarin hydrazine systems
H. Shirota, H. Pal, K. Tominaga and K. Yoshihara
Chem. Phys., 236 (1998) 355-364.
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31. Generation and mesolysis of [PhSeSiR3]": Mechanistic studies by laser flash photolysis
and application for bimolecular group transfer radical reactions
G. Pandey, K.S. Poleswara Rao, D.K. Palit and J.P. Mittal
J. Org. Chem., 63 (1998) 3968-78.

32. Effect of temperature on fluorescence quenching by steady-state and transient methods in
some organic liquid scintillators
T.P. Giraddi, J.S. Kadadevarmath, G.C. Chikkur, M.C. Rath and T. Mukherjee
J.Photosci.,4(1998)97.

33. Does p-carotene protect membrane lipids from nitrogen dioxide?
S.M. Khopde, K.I. Priyadarsini, T. Mukherjee, P.B. Kulkarni, J.G. Satav and
R.K. Bhattacharyya
Free Rad. Biol. Med., 25. (1998) 66.
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COMPUTER DIVISION

Major Achievements

DEVELOPMENT OF 10 NODE ANUPAM-ALPHA SUPER COMPUTER
The number of nodes on the ANUPAM-Alpha system developed earlier were

increased from 6 to 10 thus giving an actual user computing speed of 1.5 Giga flops (peak
speed being 8 Giga flops). The present 10 node ANUPAM-Alpha system make use of 6
servers and 4 work stations based on the Alpha micro processor 21164 A. These nodes
are interconnected with an Asynchronous Transfer Mode (ATM) switch operating at a
speed of 155 Mega bits per second. AH the nodes in the parallel processing system can
either be used in a dedicated manner for processing a single job at high speed or
alternatively these can be used for processing the mix of jobs consisting of multiple
sequential and parallel computing jobs. This system can easily be upgraded upto 52
nodes giving an actual user speed of the order of 7 Giga flops (peak speed 41.6 Giga
flops) Since all the components used in the ANUPAM-Alpha system are based on the
industrial standard products, the parallel system of any required computational speed can
easily be configured within a short period of the procurement of the components.

DEVELOPMENT OF ANUPAM-PII SUPER COMPUTER BASED ON PENTIUM
COMPUTER SYSTEMS

Recently the computing speed available on personal computers and servers based
on Intel micro processor chips have increased to a level, almost matching the computing
speed of RISC processor based machines and these systems are also readily available at a
much lower cost. In view of this, an ANUPAM-PII parallel computer system was
developed using personal computers based on Intel Pentium II micro processor @ 266
MHz as compute nodes. This system consists of a 4 nodes of Pentium-II personal
computers, each node having 64 MB memory 512 KB L2 cache and 2 GB hard disc. The
four nodes are interconnected using a low cost 100 MBPS Ethernet Switch. This system
was tested with Window NT as well as LINUX operating systems. The 4 node system
given a user speed of about 248 Mega flops which is about 50% slower than the 4 node
ANUPAM-Alpha system. ANUPAM-PII system can easily be scaled up to 128 nodes
giving a user speed of 14-15 Giga flops at a much lower cost.

ANUPAM-ALPHA SYSTEM AT IIT MUMBAI
A 4 node ANUPAM-Alpha system was installed in Aerospace Engineering

Department at IIT, Mumbai. The system consists of 4 workstations based on Alpha
21164 A micro processor @ 433 MHz. Each node has 128 MB memory and the nodes
are interconnected using ATM switch. The system is being used for the development of
two dimensional/axisymmetric incompressible viscous transient code.



ANUPAM ALPHA SYSTEM FOR REPLACMENT OF DUAL CRAY X/MP AT
NCMRWF, NEW DELHI

A full cycle simulation on National Centre for Medium Range Weather
Forecasting (NCMRWF), New Delhi, of weather forecasting codes, presently running on
Dual CRAY X/MP super computer was carried out on ANUPAM-Alpha system at
BARC. The weather forecasting suit of codes has two major codes - modelling code
T80 and analysis code SSI. It was observed that the model T80 code took 22 minutes for
the execution of 96 steps for 24 hour run in 64 bit precision on 5 nodes 1+4 nodes of
ANUPAM-Alpha system whereas SSI code took 34 minutes for execution in 64 bits
precision. The total time for execution of the presently operational forecast suit of
programs at Dual CRAY X/MP, consisting of 6 runs of T80, 4 runs of SSI and 4 runs of
CQC (Computer Quality Control) takes about 305 minutes on ANUPAM-Alpha which is
nearly matching the time taken on CRAY X/MP. Thus feasibility of replacing obsolete
CRAY X/MP system with a 5 nodes (1+4) ANUPAM-Alpha was ascertained.
NCMRWF, New Delhi has already initiated the process of procurement of all the
hardware and software components required for setting up ANUPAM-Alpha parallel
processing system. The commissioning of ANUPAM-Alpha system would enable
NCMRWF to shut down the CRAY X/MP system resulting in saving the very high cost
being incurred in the maintenance and operation of the obsolete system.

VIRTUAL REALITY SOFTWARE
VRML (Virtual Reality Modelling Language) has recently merged as a standard

representation scheme for virtual environment. VRML 97 is presently ISO standard.
Using this language, it is possible to represent behaviour model through script and
describe the model representation. A Parser for the VRML was developed for the virtual
reality package Master Plan earlier developed at Computer Division. In order to speed up
the virtual reality modelling for complex objects, bounding box traverse support was
provided on virtual reality software system. Bounding Box Traversal quickly and
efficiently finds a large portion of model i.e. outside visible rays to the viewers and
prevents this information being sent to graphic engine for processing, thereby speeding
up the process of image being displayed.

PROGRAM FOR VERIFYING THE PRECISION FOR COMPUTATION
A multi processor mathematics library was written to verify precision levels of

arbitrary number of digits to the tune of 100-1000 digits of accuracy. This program can
be used for verifying results obtained from different algorithm being developed for the
Advanced Numerical Simulation Program (ANUP). This program has been implemented
on DEC Alpha Pentium and ANUPAM-Alpha parallel system. This software has been
tested by comparing the results with the pre-computed results available in the literature
and also by setting the convergence criteria to a very low value of the order of 10 power
minus 20 for certain problems which would never converge for the accuracy provided on
the normal machines. These problems converged to the solutions when the high
precision software was used, proving that the computation work carried out are truly
high precision.
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IMPLEMENTATION OF LOAD BALANCING SOFTWARE ON DEC SERVERS
A public domain software COMDOR was implemented on the DEC servers. This

software finds the less loaded machine on the network and submits the job on that
machine. It also keep tracks on the execution of the CPU intensive jobs in various
machines and transfers these jobs to other machines as soon as the machine in use has I/O
activities on keyboard.

IMAGE PROCESSING SOFTWARE
Additional routines for shape analysis using labelling and method of moments,

adaptive thresholding, variable size selective erasing, colour image processing and
morphing of images were incorporated in the image processing package developed
earlier. Using this package new application for evaluating the hydride platelet content on
zircaloy-2 pressure tubes for Radio-metallurgy Division was implemented. The package
was also used for applications in Analysis of Fraction Process in Materials and
conducting high temperature creep studies.

DEVELOPMENT OF CHECK POINT UTILITY
This utility has been developed to enable the restart of execution of program from

the check points level whenever there is a failure of computer system. The status of the
executing program is saved on disc file regularly after a period specified by the user in a
special in-put file, from which it can be recovered in case of any failure of the system or
unexpected termination of the program and used for further execution, thus avoiding the
need of restarting from the beginning. .

MATERIAL MANAGEMENT SYSTEM FOR CENTRAL STORES
On-line, real time material management system for Central Stores, BARC for

handling about lakh different items was developed. This system has two major modules;
Receipt Data Base and Issue Data Base and process about 1500 vouchers per day. Using
this system current balance of any item in stock can be found out and used for timely
stock replenishment. This has resulted in reduction of stores inventory by 30%. This
system also prepares the debit notes for the various Divisions of BARC for the issue of
Central Stores stock items on a monthly basis. The system was developed to process
indents for Central and Zonal Stores.

SOFTWARE FOR TESTING OF TELEPHONE TRUNK LINES THROUGH
BARC EXCHANGE

A software package for automatic testing of trunk lines was developed. This
software uses a pair of modems connected to serial ports of a PC. Using one modem a
trunk line is accessed and an incoming line is dialled. The incoming call goes through the
interconnected voice transferring machine and the second modem. Establishment of
communication between the two modems indicates the proper operation of incoming
lines.

96



AGUMENTING CENTRAL COMPUTING AND COMMUNICATION FACILITIES
Implementation of a high speed campus wide network at BARC consisting inter

connecting over 40 buildings at BARC and internal wiring for Central Complex, Modular
Labs, and Van-de-graff, using fibre optic cables and high speed UTP cables was initiated.
The multi level security on BARC e-mail server was implemented, preventing any
unauthorised external access to BARC Computer Network and other systems. Also in
order to provide high speed access to BARC home page and improve the availability of e-
mail communication to BARC, internet and e-mail access at BARC was shifted from
satellite based ERNET connection to a 64 Kbps dedicated radio link to VSNL. Five DEC
Alpha work stations available at BARC were having only Window NT operating system
leading to some problems in executing FORTRAN jobs from user terminals. UNIX
operating system was implemented on all the five workstations, thus enabling the use of
these systems for high speed FORTRAN computation from BARC network. A Pentium
processor based file server was installed in the network of DEC compute servers. This
has enabled the allocation of large user space without the restriction of availability of disc
space on each computer system. Thus users on this file servers can use any of the
compute server without actually having any local disc space.

ADVANCED NUMERICALSIMULATION PROGRAM (ANUP)
A project for the development of Advanced Numerical Simulation Program, a fast

interactive solver for comprehensive analysis of different scenarios in reactors involving
fluid flow, heat and mass transfer was initiated under a task force set up by Director,
BARC constituting specialists from various Divisions in BARC and Prof. Karmarkar
from TIFR, Pune. Hardware and software facilities required for this work were set up at
Computer Division, BARC and TIFR, Pune. The user's were imparted advanced training
in FORTRAN-90 and object oriented design methodology. Number of utilities such as
spectrum analyser, problem solving environment, creation of data bases of various
program parameters etc. were developed.
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LIST OF PUBLICATIONS

1. "ANULIB - An Efficient Communication Library for B.A.R.CS Parallel Processing
System" - Sunita M. Mahajan, P.S. Dhekne, K. Rajesh, J.J. Kulkarni, A. Saha and
H.K. Kaura in Conference on Advances in Computing held during 6-8 April at REC,
Calicut.

2. "ANUPAM-ALPHA, B.A.R.C.'s Solution for High Performance Computing" - P.S.
Dhekne, Sunita Mahajan, R.S. Mundada, K. Rajesh, J.J. Kulkarni, A. Saha and H.K.
Kaura in 3"1 High Performance Computing Asia Conference held during 22-25
September 1998 at Singapore.

3. "Applications of Shape Analysis and Morphological Method" - Rashmi Rastogi,
Sunanta P.Souche and Rajesh war T, ICVGIP (Indian Conference on Computer
Vision, Graphics and Image Processing) held during 21-23 December 1998 at IIT,
New Delhi.
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CONDENSED MATTER PHYSICS DIVISION

Major Achievements

Condensed Matter Physics Division carries out experimental and theoretical work
in the following major areas: (A) High Pressure Physics, (B) Neutron Beam Studies of
Condensed Mater, (C) Protein Crystallography and (D) Fusion Related Studies. A large
effort is also devoted to the development of indigenous instrumentation for experiments
in the Division(E). A major highlight for the Division in 1998 was the participation of a
large number of scientists of CMPD in the May 1998, Pokhran explosions. Some other
significant work in 1998 is described below.

(A) High Pressure Physics

1. Structure of iron in the pressure range of.40 GPa to 100 GPa at temperatures
between 1500K and 2400K is controversial, especially in view of the recent claim of the
observation of the orthorhombic structure. We have carried out the first principles
electronic structure total energy calculations on iron in the high pressure region to
evaluate the phase stability of this structure. Our OK calculations reveal that the total
energy of the orthorhombic phase is 35 - 50 mRy/atom higher in energy than that of hep
in the relevant high pressure region and the temperature effects are an order of magnetude
less. Thus the existence of the orthorhombic phase is not supported by our calculations.

2. The calculations on 1/1 crystal approximant (138 atoms) to the Al-Mn
quasicrystal, by Fujiwara, had shown a pseudogap at the Fermi level in the density of
states. We carried out the similar calculations on A^Mnn (Mackay Icosahedra) crystal in
AI12W (bcc) structure. Our system differs from Fujiwara's 1/1 crystal approximant mainly
in terms of the glue atoms and we got a peak at the Fermi level in the density of states
instead of a pseudogap. Hence these results show that the distribution of glue atoms in the
inter cluster region is important in positioning the Fermi level in the pseudogap and
hence increasing the stability.

3. To understand the high pressure behaviour of Be, we have calculated its electronic
structure over a wide pressure range of 0 to 50 GPa, by the ab-initio full potential linear
mufftn-tin orbital (FPLMTO) method. The observed ambient pressure hep phase is found
to be thermodynamically stable up to about 18 GPa. At higher pressures the bcc structure
becomes energetically more stable. The hep to orthorhombic (distorted hep) transition,
suggested in literature by the observed x-ray diffraction is not reproduced by our
calculations.
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4. FPLMTO was used to calculate the electronic properties of isostructural
intermetallic compounds AuX2 (X = Al, Ga) under pressure. Our results show no
evidence of lectronic topological transition(ETT) in AuA^up to about 10 GPa pressure.
However, ETTs occur in AuGa2 near 5 GPa and in Auln2 near 2 GPa, which support and
explain the behaviour of these two compounds in thermoelectric power (TEP)
measurements. The present calculations predict that, unlike in AuGa2 and Auln2, there
should not be any peak in the TEP of AuAl2 under pressure up to 10 GPa.

5. Recent data of superconducting transition temperature (Tc) of Nb have shown two
anomalies, one at 5 GPa and the other near 70 GPa, whereas the static and dynamic high
pressure experiments show that the bcc phase is stable up to 170 GPa pressure. Thus the
anomaly in its Tc could be due to changes in the electronic structure. We have studied its
electronic structure at high pressures by the FPLMTO method. Our calculations show in
contrast to the suggestions iff the literature that the observed anomaly in Tc at 5 GPa is not
due to electronic topological transition (ETT). The anomaly may be due to uniaxial
stresses in the sample. The d band at 1*25 crosses the Fermi level at a volume compression
(V/Vo) = 0.77 (about 60 GPa pressure). This ETT is in good agreement with experimental
estimates.

6. Raman measurements on hexamethylenetetramine C6N4H12 have been carried out
to investigate the role of non-bonded H—H contacts on the structure as a function of
compressions.. We found that it undergoes a phase transition around 12 kbar as indicated
by the appearance of a new mode in the C-H stretching region and splitting of C-N-C
deformation mode at 515 cm1. Discontinuous changes in the mode frequencies around
130 kbar indicate another structural transition. Across this transition, the strongest C-N
stretching mode splits into 2 components. Excessive broadening of C-H stretching modes
and an overall reduction in intensity of all modes is observed above 160 kbar indicating
disorder. The transitions are reversible with large hysterisis.

7. Contrary to earlier results recent Raman scattering experiments suggested that
berlinite (CC-AIPO4) may not become amorphous under hydrostatic pressures even up to
30 GPa. So extensive molecular dynamics (MD) calculations as well as x-ray diffraction
experiments at high pressures were carried out on this material. MD simulations predict
the existence of a subtle phase transition at ~ 12-15 GPa associated with oxygen
sublattice disordering. High pressure causes monotonic increase in the distortion of AIO4
and PO4 tetrahedra and at 30 GPa berlinite transforms to a disordered phase. However,
even beyond 30 GPa, the calculated x-ray diffraction pattern continues to show sharp
diffraction peaks. At 45 GPa most of the peaks except (102) and (104) vanish. Therefore
these calculations clearly show the existence of translational order well beyond the
accepted pressure of transformation ( ~ 20 GPa). To test these predictions, high pressure
x-ray diffraction experiments up to 40 GPa were carried out at beamline BLIOXU of
SPring-8. Diffraction peaks persisted even beyond 30 GPa. The values of lattice constants
obtained with the refinement of 13 diffraction peaks of the berlinite phase agree very well
with earlier data, available only up to 8 GPa. As predicted by MD results the flattening of
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c/a around 12-15 GPa is also observed in the experimental results. These findings
therefore suggest that earlier results which claimed to have observed complete
amorphization of AIPO4 at < 20 GPa were incorrect.

8. In order to examine the response induced by the shock compression and to
compare it with that under static pressure, gas-gun experiments have been carried out on
many important materials, viz., the cristobalite phase of the A1PO4 , Ca(OH)2,
Adamantane, A12O3 and Si. These materials are either experimentally shown or
theoretically predicted to phase transform between 6-15 GPa. The x-ray diffraction
pattern of the shock retrieved samples do not show any phase transition in these materials
upto 12 GPa, however, the XRD patterns exhibit increase in width and change in the
relative intensities of many Bragg reflections under shock pressure suggesting the
reduction in particle size due to the shock compression. In order to carry out experiments
in higher pressure range using explosive systems, a recovery fixture has been designed
and fabricated that can be used with 100 mm diameter plane wave explosive for
generating upto 40 GPa pressure in the sample. The design has been carried out by
performing extensive simulations employing one- and two- demensional hydrodynamic
codes. The peak pressure in the samples can be altered by suitable choice of the capsule
material (Cu, steel or Al).

9. In order to develop piezoresistance gauge technique for in-situ measurement in
shock loaded samples, a miniature (6mm wide), high resistance manganin gauge was
successfully employed for pressure history measurement in stainless steel. The pressure
profile derived from the experiment designed to generate a shock pressure of 9.3 GPa in
the target material is in quantitative agreement with the calculated pressure profile.
Experiment at a higher pressure around 16 GPa is planned to record the phase transition
in steel.

10. High-pressure high-temperature experiments on nanocrystalline Y-AI2O3, y-
led to discopvery of new phases in these systems. At 5.2 GPa and 1450°C, Y-AI2O3
transformed to a hexagonal phase. JX-AI2O3 which in turn transformed to another phase
X-AI2O3 after ten weeks. At 5.2 GPa and 900°C y-Fe2O3 was found to transform to a
hexagonal phase having an eight layer closed packed structure.

B. Neutron Beam Research

1. Neutron inelastic scattering experiments at Dhruva were performed to determine
the phonon dispersion relation from a single crystal of an important mineral MnCO3.
Similar experiments on the mineral zircon were extended to higher energies at the
Rutherford Appleton Laboratory. Neutron quasielastic scattering was used to investigate
the dynamics of embedded water in lignite coal, and to demonstrate the feasibility of
studying the diffusive motion of guest molecules in zeolite cages.
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Molecular dynamics simulations were carried out using the BARC parallel
computer ANUPAM^o simulate the shock-pressure induced amorphization of quartz, and
seismic velocities in the mineral enstatite and perovskite at thermodynamic conditions
occuring in Earth's mantle.

2. The noncyclic phase for neutrons has been observed for thefirst time in an
interferometric experiment. The experiment was carried out by CMPD scientists, on
invitation, at BENSC (Berlin Neutron Scattering Center) of the Hahn-Meitner
Institut in Germany. The observed phases and interference amplitudes are in excellent
agreement with their own predictions, and allay widely prevalent misconceptions about
the noncyclic phase.

3. Neutron diffraction studies have been carried out at low and high temperatures in
a number of systems with an aim to study: structural transitions as a function of Ca
concentration in ferroelectric Sri.xCaxTiO3, effect of Deutrium in structure of
ZrFe2Dx, magnetic structure in weak moment FeCrP, giant magnetoresistance material
LaCaMnC>3, Kondo ferromagnet UNiSi2, high Tc superconductor YSr2Fe3O8, Mg-Zn
ferrites, Mn-Cr ferrites etc.. The data indicates strong correlation between structural
and ferroelectric/magnetic properties.

4. Using Monte Carlo g(r) (MCGR) analysis method for the S(Q) we were able to
understand the short range order as well as the network connectivity in GexSei.x
glasses. Chemically ordered continuous random network (COCRN) model explains
the short range order. The first sharp diffraction peak (FSDP) in these glasses grows
upto x = 0.33 and then decreases indicating the same for intermediate range order in
these glasses. FSDP generally observed in network glasses is still to be explained and
a lot of theories are forwarded. Temperature dependance of FSDP in GeSe2 and
Ge2Se3 glasses were done to understand its origin. The structure of a new form of
highly conducting amorphous carbon prepared from pyrolysis of Tetra chloro pthalic
anhydride has been done using neutron diffraction. The short range order in this
carbon suggests that sp2 hybridisation is more predominant. In order to see the
structural changes in liquid CD3OD with respect to temperature, we carried out
neutron diffraction experiments at RT, 65C , 130C. Hexamer clusters of CD3OD via
H-bonding explains the obsereved pre-peak in the S(Q) at RT.

5. The anisotropic magnetoresistace effects have been studied in Co based
multilayers because of applications in magnetoresistive read/write heads. The
anisotropic magnetoresistance effect in Co/Re(101'0) multilayers have been explained
by measuring magnitude and direction of Co sublattice magnetization layer by layer
through detailed polarized neutron reflectivity experiments. The artificially layered
superconductors composed of superconducting Nb and non-superconducting Si layers
have been studied by using polarized neutron reflectivity and magnetization
measurements which is a model system of anisotropic high-temperature oxide
superconductors. The London surface penetration profile and vortex field modulation
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of Josephson-type have been found to occur. The contribution of both fields have been
measured layer by layer as a function of depth of the multilayers. The differences of
the spin relaxation behaviour between the spin glass and cluster spin glass have been
studied using longitudinal field fiSR technique on the amorphous FegsRusZrio sample
above the spin freezing temperature, T f . A stretched exponential Aoexp(-(Xt)p) type
spin dynamics for both spin glass and cluster spin glass states has been observed with
a significantly lower slowing down of spin fluctuations in the cluster spin glass state.
In the \iSR time window (- 10"6 sec) the observed Tf (~ 100K) is significantly higher
than the corresponding value (=65K) determined from the ac susceptibility
measurements with a time window ~ 10'3 sec. Sharp spin freezing occurs in the spin
glass case in contrast to the cluster spin glass case. The dynamical exponent (3 shows a
universal temperature dependence with a value of about 1/3 for spin glass and about
1/2 for clustetr spin glass states in the vicinity of Tf. We have studied for the first
time the effect of 5 at% Th-doping at the U-site of the parent compound UCu2Ge2 in
an attempt to study the effect of substitution of a nonmagnetic 5f atom on the U site.
The results of ac susceptibility, neutron depolarization and neutron diffraction show
quite significant change of the nature of magnetic ordering indicating a strong
suppression of Kondo screening with 5 at% Th doping. Neutron deploraization and
diffraction measurements were made in a series of bcc Cr8o-xFe2oMnx alloys reported
to be undergoing successive magnetic transitions viz., antiferro, ferromagnetic, and
spin glass as the temperature is lowered. Conclusive evidence of ferromagnetic
behavior in the intermediate temperature range but absent in the spin glass phase is
found

6. Single-crystal, high-precision neutron diffraction studies on tris thiourea zinc(II)
sulphate (TUZS), an opto-electric material, and an alanine complex of triglycine sulphate
(TGS-ALA), a pyroelectric and room-temperature ferroelectric substance, in which
alanine is expected to prevent the depoling effect, have been carried out in collaboration
with CAT, Indore, and Anna University, Chennai, respectively. The TUZS structure,
refined to a very low R(F2) value of 0.025, yielded the values of linear opto-electric
coefficients, which compared quite well with the corresponding experimental values
reported in the literature. Indications about the site and extent of the alanine substitution
in the TGS-ALA crystals are being used to interpret the nature of the enhanced stability of
TGS crystals on substitution with alanine. TGS crystals with a number of different
substituents are also being prepared for neutron studies in the near future.

7. Gemini surfactants are known as the next generation surfactants. Studies on
recently synthesised new types of gemini surfactants, composed of wettable spacers and
phosphate head groups, and, micellar structures of tri-block copolymers under different
solution conditions of concentration, temperature and presence of electrolytes, have been
carried out using small-angle neutron scattering (SANS). Fruitful collaborations with
IISc, Bangalore, and SGU, Surat, on various SANS investigations have formed a
significant portion of these and other research activities.
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8. A hypothesis about the existence of time window has been proposed as far as the
dynamical scaling behaviour of phase separating systems is concerned. This is an
outcome of an investigation on multi-component, 350-grade maraging steel - a material
of strategic importance. Using the SAXS facility at BARC, several nuclear materials
have been characterised.

C. Protein Crystallography

1. Carbonic Anhydrase

Carbonic Anhydrase is an enzyme widely distributed in nature from bacteria to
man and is found in different parts of the human body as different isozymes. It is an
important target among others in the treatment of the eye disease glaucoma. To be able to
study structure-function relationship, we have cloned the gene for the Human isozyme I
using the DAE-DBT National Facility. The structure of the recombinant enzyme (rHCAI)
has been determined to 2.3A resolution. A number of single site mutants have been
produced by recombinant DNA techniques especially of some of the active site residues
implicated in the activity of the enzyme in the mechanistic proposal of Kannan et al.
Mutants involving GlulO6 and Thrl99 showed considerably reduced activity (1% to 6%)
whereas Tyr7 mutants showed 60% activity. Glull7 mutants could not be isolated
probably due to its importance in structural stabilisation of the protein.

2. Ribosome Inactivating Proteins (RIPs)

Ribosome Inactivating Proteins (RIP), a class of plant proteins found in plants, are
of great interest as toxin component of immunotoxins used in the treatment of a variety of
diseases such as AIDS, cancer, autoimmune and parasitic diseases etc. Saporins are RIPs
present in plants Saponaria Officinalis and are extremely stable against denaturation by
urea and proteolytic digestion by proteases making them ideal candidates as
immunotoxins for clinical use. We have purified the S9 isoform of saporin from the seeds
of the plant, using ion exchange chromatography on an FPLC system and crystallised it.
The diffraction data "to 2.6A resolution has been collected on the RAXIS IIC IP
diffractometer in the DAE-DBT National Facility. The crystals belong to the space group
141 with a= 91.4* and c= 150.6* , and contain two molecules in the asymmetric unit. The
orientation and position of molecules within the crystals has been determined by
molecular replacement calculation..

3. Drug-resistant HIV-I protease:

Human Immunodeficiency virus is the causative agent of the fatal disease AIDS,
which encodes its own protease enzyme essential for its propagation. Therefore inhibitors
of this enzyme are used as potential drugs against AIDS. However, it has been recently
found that resistant viruses with mutations of the protease in the active site as well as
non-active site regions emerge quickly in patients undergoing protease-inhibitor therapy.
The structure of a non active site mutatnt M46I has been solved by us by the molecular
replacement method, and simulated annealing refinement to a R of 19.7% for all data.
Two major structural results are: (1) the flaps are in the closed conformation and (2) the
Sl/Sl' subsites in the active site are significantly smaller in size compare to the wild-type
enzymes. Interestingly, the subsite sizes are very similar to the corresponding subsites in
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the SlV-protease which also has a He residue at position 46. These results suggest, for the
first time how non-active site mutations can exert influence on the active site geometry
and also the catalytic efficiency of the enzyme.

D. Fusion Related Studies

1. All the sub-systems of the 300 kJ Capacitor Bank successfully passed qualifying
tests. The switching jitter between the sub-master trigger generators was measured to be
less than 4 ns. The studies on X-ray emission from the Passively Triggered Vacuum
Spark plasma source revealed that their spatial and spectral characteristics are correlated
with the trigger resistance. Intense X-ray emission occurred early in the discharge, with
only 2.5 Joule energy coupled to the plasma indicating its potential for development as a
spark ion source. Streak camera studies revealed the presence of a well-confined plasma,
undergoing kink oscillations with a time period of 10-15 ns.

(E) Instrumentation

1. A three dimensional neutron tomography technique has been developed using
CCD based neutron imaging setup. Use of this technique has enabled us to examine and
see through the interior of an object in three dimension. Though such a technique is at the
forefront of investigation in medical diagnostic but application of such techniques for
nondestructrive evaluation is relatively new. The CCD based neutron tomography
developed by us is very much suitted for such applications on 3D tomography as it
enables to obtain multiple slice image (CT scan) in a much shorter time. These multiple
slice are formed into a volume data by stacking these slices one over other. These volume
data can then be manipulated in any way to look inside the material by varying the
transparency of various layers. The object can be cut open at any angle without physically
cutting the object. In this sense this technique can be said to be equivalent to reverse
engineering. Experiments have been conducted with different samples to validate the
technique. Multiple neutron CT scan of these samples were carried out using APSARA
reactor with the help of CCD imaging device developed by us. These multiple CT scans
were combined to form a volume data of the sample for visualization. This technique is
also being extended to CCD based CT scan using X-ray and gamma rays.

2. Further experiments on CCD based X-ray diffraction imaging and characterization
of data obtained from it was carried out. The prototype CCD detector was tested using
diamond anvil cell for various samples with materials under high pressure. It has been
possible to carry out Rietveld refinement of data obtained with CCD detector. Several
new set of softwares for radial integration of CCD data, online determination of centre of
diffraction pattern and checking any tilt of imaging setup were developed. The
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experimental results obtained using this detector have been confirmed using imaging
plate detector.

3. Some experiments on pulsed neutron detection using CCD based imaging
technique were carried out. These feasibilty experiments have been carried out for
detection of possible pulsed photoneutron neutron emission from various stages of
ENDUS-I at CAT, Indore. Experiments show that it is feasible to use CCD imaging setup
for online position sensitive pulsed neutron monitor. These setup is also being tested at
inhouse Plasma Focus device which can give neutrons of 107"8 neutron per pulse. A new
photomultiplier detector using 6LiF-ZnS scintillator is also being tested on plasma focus
device for pulse neutron detection.

4. Developmental work on two phase flow visualization inside metallic pipes and its
analysis was continued. An experimetal setup for visualization and analysis of such two
phase flow inside SS and aluminum pipe in a natural circulation loop under realistic
condition of high temperature and pressure is being designed in collaboration with
Reactor Engineering Division.

5. This group continued to meet the detector requirements of various Divisions in
BARC and outside Institutions. Following types of radiation detectors were fabricated
and supplied: X-ray proportional counters (5 Nos.), and neutron detectors, both BF3 and
3He types (10 Nos., including one position sensitive neutron detector).

6. The fabrication and assembly of 2-D PSD for SANS has been completed. The
detector is in the final stage of testing with neutron beam at Apsara reactor.

7. Microstrip detector for x-ray/neutron is being developed as a part of BRNS
project between IISc, Bangalore, and BARC. Recently, a few microstrips, fabricated at
IISc, have been tested for x-ray and neutron detection. The work is in progress.

8. Neutron radiography of Zircaloy pressure tube with laboratory grown hydride
blisters was carried out to study the morphology of these blisters. As a part of the IAEA-
CRP, "Bulk Hydrogen Analysis, Using Neutrons", setting up of hydrogen sensitive
epithermal neutron radiography (HYSEN) technique was undertaken. Also, as a part of
this project, neutron diffraction and quasi-elastic neutron scattering study of hydride in
Zircaloy was carried out.

9. In collaboration with Computer Division, BARC, a window based software
package, SIMSAS, has been developed and used successfully to analyse and simulate
SANS and SAXS (small-angle x-ray scattering) data, affected by multiple scattering.
Theory supporting this package has been emphatically sited in international scientific
journals.
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10. A SANS instrument has been fabricated and installed at the GT lab, Dhruva
reactor. It is currently undergoing preliminary checks. Once ready, this instrument will be
useful to carry out SANS experiments on substances with particle size on the length scale
of about 100A. Another high-resolution SANS instrument has been fabricated, and is
being installed at the GT lab, Dhruva. This instrument will be capable of carrying out
studies on the mesoscopic inhomogenities in condensed systems.
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CONTROL INSTRUMENTATION DIVISION

Major Achievem nts

Development of Instrumented Pipeline Inspection G

Indian Oil Corporation had approached BARC fo
monitoring unit for their pipe lines. An MOU was signed b
the development of an Instrumented Pipe Inspection Gaug
period of 30 months. The IPIG works on the principle
magnetic flux and monitoring the leakage flux on the inner
takes place due to the defects in the pipe wall (inside or out
sensors covering the full circumference. Measured signals i
System (DAS) for every 2mm distance of the pipe during thi
required electronics and sensors is supplied by the battery
quantify the leakage flux due to the defects present in the p
linear saturation characteristics of the pipe material has been
the evaluation of leakage flux pattern around the c
package"MAGNET" of Infolytica Corporation .The theoret
verified experimentally. High Energy NdFeB magnets hav
magnetic field. "Wavelet" technique has been used for de
sensors.

the development of an on line oil pipe
:tween BARC and IOC on 17th April 95 for
(IPIG) for their 12" pipe lines with in a
saturating the oil pipe section with high

pipe surface of the pipe. The flux leakage
side) which is measured by 64 Nos. of Hall
•e stored in the P.C. based Data Acquisition
travel of this equipment. The power for the
housed in the battery module. In order to
pe, detailed study and measurement of non-
carried out. 3D-Finite Element Analysis for
fects has been done using software
al values of leakage flux density has been
been procured and used for setting up the
oising the raw signals obtained from Hall

First prototype 3 - Module IPIG consisting of M
module has been fabricated, assembled and tested in 25 meti
is a facility specially developed and commissioned in CnID
pipe has been created and corresponding signals generate*
analysed by running the IPIG. The results from these tests hi

IPIG is required to negotiate Bends of 3D
studies have been carried out using AutoCAD to ensun
can negotiate these bends without any module getti
Through Rig was modified and 5D bends were install*
IPIG was then run through the 5D bends using water pi
ensured the required leak tightness of the polyurethai
various modules along with tow links.

Based on the above results a 2 prototype 5 el
and sealing cups has been fabricated . A wet test loop ol
erected and commissioned at IOC R & D centre Faridal
the IPIG in once through and recirculating mode . Thi
conditions , like pipe welds , flange joints , valves , Tees
and known faults. The IPIG has been commissioned in
force for PIG travel .The signals obtained from these
theoretical calculations. Known defects are being created

Wet test loop facility will be put in recirculatio
of critical PIG components such as sensors mounts , Bru
successful completion of the endurance test the IPIG
launched in the actual pipeline during April-May'1999
Patna section of the IOCL product pipeline.
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uge For IOCL

gnetic Module, DAS module and Battery
e Linear Pull Through Rig (LPTR). LPTR
>r testing of IPIG where desired faults in the

due to these faults have been stored and
ve been found to be very satisfactory .

adius in the actual pipeline. Simulation
that the various modules and tow link

lg stuck. Subsequently the Linear Pull
d in the Linear Pull Through Rig . The
essure as the motive force. This test has

cups and negotiating capabilities of

ment IPIG with special types of couplings
120 meter length of 12 inch pipe was

id . This loop has the facility of testing
loop will simulate the actual pipeline

Sharp bends ( 5D and 6D bend radius)
lis loop using diesel flow as the motive
features are satisfactory and as per our

and testing of the IPIG is in progress.

mode for conducting the endurance test
hes , cups , tow links and battery . After

with necessary modifications will be
for a run of 103 kms in the Barauni -



Development of Antenna Control Systems

FALCON Antenna Control Systems

The antenna control system for the FALCON project of DRDO is required to auto-track the
NISHANT RPV during the entire mission period, with 3 arc minute tracking accuracy at 20°/sec2

acceleration and 40 Kmph wind conditions. NISHANT RPV is used for battlefield reconnaissance. It is a
low speed pusher-propeller driven vehicle which can be launched by rail launcher and recovered after the
mission. The 6' dia. antenna is vehicle mounted and is continuously steerable in azimuth axis. It is
operated from a ground control station located 300 metres, away from the antenna vehicle. The Auto
tracking is performed using error signals generated by mono-pulse receiver. The system is capable of
performing range dependent sector scanning for re-capturing the target in case temporary of track loss.

Three numbers of Computer based Antenna Control Units were developed and delivered earlier
to DRDO. After extensive site trials, users have requested certain enhancements in user interface and
search algorithms.

In line with these revised requirements, new ACU console is developed. The ACU hardware is
modified as required. The entire ACU software is remodelled and redesigned using Object Modelling
Technique. Coding of all subsystems is completed and testing is in progress.

I ACUfor DEAL

An integrated Antenna control System for use at CABS was designed, manufactured, tested and
delivered to DEAL Dehradun, earlier. This system is capable of tracking air-borne targets in auto-track
mode. With the delivery of hardware design document and Operational manual, all commitments w.r.t.
this work are completed.

PTA antenna control systems

The computer based antenna control system for the Pilot-less Target Aircraft (PTA) project of
DRDO is designed to auto-track the airborne vehicle LAKSHYA, with 0.5° tracking accuracy at 20°/sec2

acceleration and 40 Kmph wind conditions. LAKSHYA is used for training land or ship based missile or
gun crew in weapon engagement. It is tracked from the ground antenna which uses mono pulse tracking
technique. The antenna control system attempts to nullify the tracking error by moving the antenna in
azimuth axis. The antenna along with the pedestal weighing about 60 Kg. can be vehicle mounted and is
continuously steerable in azimuth axis. It can be locally operated from a control console or can be
controlled from a remote computer. The system is capable of performing sector scanning for re-capturing
the target in case temporary of track loss.

Two numbers of antenna Control Units along with PWM power amplifiers were manufactured
and delivered to ADE Bangalore, earlier. A set of spares consisting of fully assembled servo amplifiers,
console and electronic cards and full set of documents were delivered during this year. With this all
commitments w.r.t. this project is complete.

GMRT antenna control systems

At the Giant Metre Radio Telescope (GMRT) facility at Khodad, PUNE 30 numbers of 45 Mtr
diameters antennas are used to program track celestial radio sources. The computer based Servo Control
Systems were designed, manufactured and commissioned by BARC/ TEFR, during the preceding years.

As per operational/ safety requirements specified by the users recently, acceleration limit
feature is added to GMRT servo control software and it is successfully installed at site. This is done
without affecting the closed loop servo performance.
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Active Radar Seeker

An MOU was signed last year, between Project 'AD'
for the development of Active Radar Seeker. The stabilisat
Radar Seeker and is required to facilitate the acquisition, se irching
target by the missile in the terminal guidance phase. The sys
gimbal mounted, -300mm diameter, Cassegrain antenna by c
system interfaces with other subsystems such as the Gimba
(OBC), Inertial measurement unit (IMU) and Radar
Stabilisation system are as follows:

DSP,

• Stabilise the antenna against missile body movements.

• Automatically track the target so as to minimise the an
and target LOS. These errors are measured and made available
8j3). While tracking the target, STARS should make avail
and LOS rates (a, (3, a', p*).

ular error between the antenna bore-sight
to STARS by the Radar DSP (5a,

ble to the OBC, the current target position

Support acquisition of the target by following angle positk ning commands issued by the OBC (a, (i).
On successful target acquisition, it should switch-over to hack

• Support search mode of operation where-in antenna is made
designated angles.

• Support self test (BITE).

As per the framework of this MOU, a preliminary des
Control System is prepared which includes, option an
identification, simulation modelling and study.

Development of Gyro based Land Navigation System

A Fibre-optic Gyro based Land Navigation System is
collaboration with ECEL for use by Ministry of Defence. Thi
development grant from DAE to ECIL. It is proposed to builc
Unit (IMU) which consists of a triad of rate gyros and ace slerometers
attitude computation, measurement of Northing and Easting
GPS integration, multiple way-points and operator display
proposed to be based on SHARC family DSP Requirement
component identification activities are in progress.

Development of Reliable TMR Computer System for

and
A highly dependable computer system based on triple modular
developed for NPPs. This architecture assures high reliability a
use in safety-critical (e.g. protection systems) and safety-relatec applications 0
systems) of NPP. A prototype of the TMR system has been de
exhaustive testing of the prototype system is being conducted t

Reactor and RRS simulation
A simulation study has been conducted to investigate the effect
a TMR Reactor Regulating System (RRS) on NPP control. Thr< e
swimming pool type) and corresponding RRS were simulated,
conditions and other conditions such as channel failure, clock
simulated and studied.
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The main functions carried-out by

mode,

to scan a search volume in space around

gn report for the Stabilisation & Tracking
ilysis, architectural design, component

ILNS)

proposed to be indigenously developed in
will be carried-out in the framework of

this system around Inertial Measurement
The system will incorporate

co-ordinates, heading, gyro-compassing,
features. The computation platform is

definition, domain study, simulation and

JPP Control

edundant (TMR) architecture has been
availability. It has been designed for

e.g. reactor regulating
gned and fabricated. Currently,
assess its functionality and performance.

of independent execution of software of
types of reactors (PHWR, LWR &

erformance of the systems under normal
ift, skew, sensor discordance, etc. were



Development of Hardware for Computer based Control Systems

During the development of various types of Computer based control Systems a large number of
electronic printed circuit boards were developed.

1. EURO-RT: This is a MIL_STD-1553B data bus interface card for in-house Euro Bus Systems.

2. PC-RT: This is dual MIL-STD-1553B interface card for ISA bus.

3. PC-TIC: This is a ISA bus based isolated bus extender card.

4. TIC : This is a driver card consisting of 2 Serial ports and a parallel I/O port and can be driven by
two masters in dual redundant systems. It is used for interfacing serial/ parallel interface keyboard/
display devices.

5. TBC : This is a stand-alone MI1_STD-1553B Bus Controlled card incorporating 80186 processor
and three Bus Controllers.

6. MC: This is a 80186 processor based card for functioning as a gateway between TMR controllers and
MIL-STD-1553B data bus.

7. ACE186 : This is 80186 based single based computer designed to support fault-tolerant controller
configurations.

8. ACEIDIP: This is a 24 channel, isolated binary input card with comprehensive testability features.

9. ACEDOP: This is a 24 channel isolated binary output card with read-back and other testability
features.

10. MCI : This is EURO Bus based card designed to support MCs and provides interface with local
display & TWS.

11. ISOCOM: This is a EURO Bus based card designed to support isolated inter-controller channel
communication for TMR systems.

12. DOIRB: This is a 30 channel digital output card with isolated read back channels.

13. DIO: This is 32 channel optoisolated input with 16 channel digital output card required for TMR
systems.

14. ICRT: This is independent card designed to provide 4 channel 4-20mA current outputs for TMR
systems.

15. MS: This is a non euro bus based card designed to generate a median of positive voltage signals. This
provides 4 Nos. of 4-20mA current output signals.

16. RVOTER: This card provides a two out of three voted relay outputs for TMR systems.

Software development

Software for CERN

In the framework of CERN-DAE Collaboration for LHC project of CERN, design &
implementation of following ORACLE DBMS based data bases were to carried-out:

1. GEODE: This maintains alignment information of about 10,000 elements and involved modification of
89 forms and 14 reports.

2. Job Management Tool-kit: This involved migration of about 61 forms and 15 reports

These items are delivered to CERN and have been accepted
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Software Quality Assurance Methodology

A methodology has been developed to specify and assess quality
NPPs. It describes the methods for identifying, implementing,
the product of software quality. Reviewers and software V&V
to objectively assess whether the given software possesses the
A methodology has been developed to review the software usedl in
and RAPP3&4. The methodology defines a number of intermediate
each review step, and a detailed check-list. The methodology
for Kaigal&2 and RAPP3&4.

Development of Electronic Seal

of software used in computer systems of
malysing, and validating the process and
personnel can use this document in order

re quired quality.
computer-based systems of Kaigal&2

review steps, tasks associated with
adopted by a Working Group of PDSC

In nuclear installations it may be required to store mate ials for a long time sometimes stretching
to many years continuously without direct supervision. In su
being stored be kept sealed so as to maintain containment cont:
record and report loss of the nuclear material containment can
properties. This mechanism should be able to indicate in a conclusive positive or conclusive negative
way as to whether the containment has been opened or not aftei

h cases it is necessary that the material
luity. A fool-proof sealing mechanism to
go a long way in attestation of recorded

it was sealed. The material shall be said
to be sealed whenever a fresh record of the material inventory is made and the sealing mechanism is
activated. Any unauthorised, forceful opening of the seal shall be treated as a tampering of the sealing
system, thereby declaring the maintained record null and void.

A product (named VACOSS-S sealing system) is available and is put in use by IAEA An
indigenous Electronic sealing system is being developed by CnlD/BARC, for DAE's internal use.
Proposed sealing mechanism will be similar to the sealing system described in IAEA document SG-C/S-
03.

This kind of a sealing mechanism will provide methods and mechanism to apply, open and
validate the seal and to detect tampering. All seal events such as initialisation of seal and tampering of
the sealing mechanism if any will be recorded and reported with a time tag.

The following functions are included in the scope of Electronic Sealing System:

1. Support installation and initialisation of the seal by authorised personnel using passwords.

2. Continuously checking the integrity of the containment.

3. Recording the break in integrity of either the containment or that of the seal body itself with time
tags.

4. Reporting the status of the seal on query.

Development of Control Systems for Industrial Drives

Traction Control System

Indian Railways have a large number of various types of AC locomotives in their fleet. The
propulsion system adopted in these locomotives is through DC drive. In these locomotives, the AC
voltage tapped from catenary (22.5 K.V) is stepped down and converted to DC, using silicon rectifiers.
Tractive effort control is achieved by on-load tap changers mounted on the transformer.

It is well known that voltage control using mechanical tap changer is not step-less, resulting in
poor realisable adhesion. The tap changer also poses maintenance problems. Most importantly there are
very few suppliers for this component and its supply has been always short of demand.

To obviate the above problems, thyristorization of locomotive drive system was taken up during
70s, which incorporated analog controls and relay based interlocks. BARC has pioneered this technology
in India. Meanwhile, microprocessors were becoming popular in embedded control applications in many
sectors around the world. The traction control technology of the 80' s was based on general purpose 16
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bit microprocessors with software based control. Software based control offers many well known
advantages such as, increased flexibility while tuning control loops or setting parameters, increased
precision and insensitivity to ageing and drift. Most importantly, it facilitates fault diagnostics, guidance,
logging and monitoring functions to be built in to the system, resulting in increased reliability and
availability. Software based loco interlocks, do- away with a large number of TDRs, relays, by-pass
switches and associated wiring. Interconnection of multiple locomotives can leverage the serial data
communication technology, using, for example, a couple of twisted pair wires as against around 57 wires
required otherwise for multiple loco operation.

Hence an indigenous development effort was undertaken jointly by BARC, RDSO and DOE,
with the following objectives.

• Replacement of the ageing tap-changer technology with thyristorised drives.

• Development of state-of-the-art microprocessor controls for integrated control & monitoring of the
locomotives.

• In-house development of this technology in order to facilitate deeper absorption and assimilation of
this state-of-the-art technology at Indian Railways and to avoid the pitfalls encountered during the
earlier phase of thyristorisation.

The control system along with ECIL manufactured converters were commissioned on a Wag-5
Locomotive at Bhusawal. This year, the activity culminated in the successful full-load line trials of the
Traction Control System for 25 KV AC Locomotive.

Development of Inverters for Industrial Applications

Railway Auxiliary Power supplies project: A 25KVA, 3 phase, 50 Hz, sine wave inverter has been
designed for Railways for its auxiliary power supply system. It converts 1200-1800 VDC to 220 VAC, 3
phase, sine wave by using an inverter. The working of the system has been tested. The final unit is under
fabrication.

WIP Project: For waste immobilization project (WIP Project), 2 sets (Five numbers of inverters in each
set) of 30KVA, 2-3 K Hz induction inverters were designed and fabricated. Each set is powering one
induction furnace. The furnaces have five zones; the temperature in each zone can be controlled
separately by the inverters. The inverters have been positioned at WIP site. The input power cabling,
water connection (piping) and output cabling has been completed. The commissioning of the Inverters
have started.

400 Hz inverters: A 1 KVA, 3 phase, 400Hz , sine wave inverter has been fabricated for testing of
various components which uses 400 Hz power supplies. One more unit of similar rating is under
fabrication.

RMP inverters: Design & fabrication of 45 KVA, 3 phase sine wave, IGBT based, Variable Voltage
(75V to 300V), Variable frequency (250Hz to lOOOHz), PWM inverters for RMP project has been taken
up. The prototype unit has been fabricated and tested. The 15Nos of unit are under production.

Development of DC Power Supplies

EBW Project: For the Electron beam welding gun project (EBW), 10KW, 4 KV DC, ripple free DC
power supply was required for Electron beam welding. The prototype was designed and tested. The final
unit has been fabricated. This unit is under test with the system.

CERN project: One prototype Heater Power supply for quenching super magnets were designed and
fabricated and has been tested at CERN, Geneva. This system is required at CERN (European
Organization for Nuclear Research) for their LHC-program and are done under DAE/CERN
collaboration. 6000 Units of these will be build for supply to CERN.
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DESALINATION DIVISION

Major Achievements

Research and Development programme at Desalination Division is primarily
oriented towards thermal and membrane processes for desalination and water reuse.
During the period under review, the following is the progress of work in the Division.

1. OPERATING PLANT/FACELTTIKS
1.1. Thermal Desalination Plants

425 nrVday Multi Stage Flash (MSF) desalination plant was operated in
general and round the clock shifts with particular emphasis on control systems to
get valuable data for the 4500 nrVday MSF desalination plant for Nuclear
Desalination Demonstration Project (NDDP). Performance data were as per
design intent

1.2. RO Desalination Pilot Plant

5 nrVday Sea Water Reverse Osmosis (SWRO) plant was operated in
general shifts. The product quality of around 1000 ppm from 38000 ppm TDS sea
water was obtained.

13. Steam Generation Plant (SGP)

Steam supply for Decontamination Centre (WMD) was provided on
required basis. Boiler B3 was operated for supplying steam to MSF plant. Steam
pipeline work from SGP to USTF (ChED) was completed.

2. PLAN PROJECTS
6300 M3/day Nuc
MAPS, Kalpakkam (DC Plan)

2.1. 6300 M 3/day Nuclear Desalination Demonstration Project (NDDP) at

The project aims for setting up a desalination plant comprising of 4500
M3/day Multi Stage Flash (MSF) desalination plant and 1800 Mvday Sea Water
Reverse Osmosis (SWRO) plant utilizing the steam from Madras Atomic Power
Station (MAPS). The unit will not only enable demonstration of nuclear
desalination but also partly cater to fresh water requirements that would arise in
future at Kalpakkain. Considerable progress was achieved in NDDP project.

Process and mechanical design of flash evaporator modules of 4500 nrVday
MSF plant has been completed. "The tender documents were prepared for the
procurement of chemical process tanks (7 Nos.), all the centrifugal pumps and
cupronickel tubes and indents were released. Purchase order for the Cupronickel
tube sheets was placed. The tender document for inviting bids from consultants for
steam supply and pea water intake system was prepared and quotations invited
Toduiical details oi" individual ilii&ii iuoJul»j has; been finalised. The alignment of
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various tube bundles for installation purpose has been checked. Details of module
to module connection has been worked out The tender specifications of steam jet
ejectors was prepared. Process and mechanical design of the deaerator has been
completed. Drawing showing internal details have been prepared. Discussions
were held with MAPS and IGCAR for the electrical systems for NDDP.

Tender documents for the complete pretreatrnent system comprising
of clarifier, pressure sand filter, activated carbon filter, cartridge filter, piping,
instrumentation, installation and commissioning for 1800 nrVday SWRO plant has
been prepared. Purchase order for high pressure pumps and Energy Recovery
Turbine (ERT) has been placed.

Layout of MSF and RO plants were made and details of the foundation and
other civil works were prepared. Discussions were held with Director, Civil
Engineering Group (IGCAR) for the civil works. Clearing and fencing work at the
site has been completed. The layout drawings of the buildings for NDDP was
received from Civil Engineering Group (IGCAR) and modifications incorporated
Architectural drawings for administrative building has been cleared. The designs
of electrical work and instrumentation are nearing completion. Safety report for the
project was prepared and discussed by the IGC-CWMF Safety Committee during
two meetings. The final report incorporating the comments/suggestions has been
approved by the Committee.

3. BASIC RESEARCH
3.1 Polymer Synthesis and Membrane Characterisation

The TFC-PA membranes made by interfacial polymerisation were tested in
plate module offering 75% SR for brackish water feed. Attempts are made to test
the reproducibility of TFC-NF membranes from pipperazine/isophthaloyl chloride
system. TFC-PA membrane specimens have been successfully prepared from new
reagent systems.

Polysulfonamide (PSAm) polymer was synthesised and plate module size
supported sheet membranes were made. It was assembled in a plate module (4
plate) and operated using 4000 ppm NaCl feed at 4.0 MPa giving 96% SR with 600
LMDflux.

Studies on deactdification of americium bearing 4 M HNO3 feed using
cation exchange and anion exchange membranes was continued at Radiological
laboratories jointly with Fuel Chemistry Division.

3.2. New Product Developed

In house spiral wound element development was continued. A 2520 CAB
element was assembled for BARC Hospital. It was operated giving 93% SR with
1100 LMDflux.
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3.3. New Process Developed

Experiments were conducted with sewage effluent using RO and NF
membranes for removal of COD and BOD.

CelluloBe propionate (CP) based UF membranes prepared indigenously
were tested for separation of cutting oil/water emulsion; separation of milk protein
from reconstituted milk was also studied at different pressures.

3.4. Improved Heat Transfer Studies

For the development of Multi Effect Distillation (MED) technology, it is
proposed to carry out improved heat transfer studies in Horizontal Tube Thin Film
(HTTF) evaporators.

Test runs were carried out on the single tube HTTF experimental set up for
achieving high heat transfer coefficient. Fabrication of HTTF evaporator for 1
TPD Horizontal Tube Thin Film Desalination unit for MED was taken up.
Purchase recommendation for Plate Heat Exchangers and a shell and tube
condenser has been made. Chemical dosing system, sea water pump and vacuum
pump have been procured.

4. APPLIED RESEARCH A ENGINEERING DEVELOPMENT
4.1. Thermal Desalination

A 30 TPD Low Temperature Vacuum Evaporation (LTE) desalination plant was
fabricated and operated earlier in the Division. The work on the proposal of
coupling the above plant with CIRUS utilizing waste heat of the reactor for sea
water desalination is in progress. Modification of sea water piping of the LTE
desalination plant was carried out for testing the water jet ejectors under back
pressure suitable for CIRUS conditions. System analysts was carried out for
varying condenser coolant and product water pumping rate and discharge head as
per requirement of CIRUS conditions. Transient behaviour was analysed for
sudden variation in operating parameters at 20-40 MWth reactor rating.

4.2. Reverse Osmosu

Civil works for 40 mVday Sea Water Reverse Osmosis (SWRO) plant has
been completed. Equipment installation has been taken up. Major equipments have
been installed. Electrical installation is in progress.

RO demonstration units (2 Nos.) using in-house assembled spiral modules
were displayed at Parliamentary Gallery, New Delhi and Central Complex
Auditorium (BARC) during PM's visit.
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The 30 nrVday RO plant at Sheelgaon village (Rajasthan) set up under Rajiv
Gandhi National Drinking Water Mission (RGNDWM) was rectified at site and put
into continuous operation giving 98% SR, 750 LMD flux and 200 ppm product
purity from 9000 ppm raw water at 20 bar.

5. CONSULTANCY

As per MOU signed between BARC and M/s. Sandoz (1) lid., experiments
to concentrate CLB from 24% to 48% using 4 spiral 4040 element of TFC
polyamid? NF membrane have successfully been carried out at 3.5 MPa in Phase II
giving less than 1.5% CLB in permeate.

6. SEMINAR

A one day seminar on "Recent Trends in Desalination and Water
Management" was organised at Home Bhabha Centre for Science Education,
Mumbai on 20th Feb. 1998.

PUBLICATIONS

Ashutosh D. Sabde, M.K. Trivedi, V. Ramachandran, M.S. Hanra and B.M. Misra
Casting and Characterization of Cellulose Acetate Butyrate based UF Membranes
Desalination, 114 (1997) 223-232

A.K. Ghosh, V. Ramachandhran, M.S. Hanra and B.M. Misra
Synthesis, Characterization and Performance of Sulfonated Polycarbonate
Membranes
Journal of Polymer Materials, 15, (1998) 279-287.

J.N. Mathur, MS. Murali, M.V. Balarama Krishna, V. Ramachandhran, M.S. Hanra and
B.M. Misra

Diffusion Dialysis Aided Electrodialysis Process for Concentration of
Radionuclides in Acid Medium
Journal of Radioanalytical and Nuclear Chemistry, Vol. 232, Nos. 1-2 (1998) 237-
240

V. Ramachandhran, M.S. Hanra and B.M. Misra
Polymers in for Membrane Based Technology, Indian Chemical Engineer (in
press)

V. Ramachandhran, S.K. Samanta and B.M. Misra
Radiocerium Separation Behaviour of Ultrafiltration Membranes
Journal of Radioanalytical and Nuclear Chemistry, Vol. 237 (1998) 121-124.
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MM. Charyulu, V. Ramachandran, Rajendra Swamp, V.V. Ramakrishna, MS. Hanra, V.
Venugopal and B.M Misra

Selective Acid Removal from Americium Solution Using Ion Exchange Membranes
NUCAR - 99

K.P. Bhattacharyya, D. Goswami, V.K. SrivastavsL MS. Hanra and B.M. Misra
RO Modules and Design Features of 40 m7d SWRO Plant, Trombay
CHEMCON-98.

C. Balasubramaniyan, S. Prabhakar, M.S. Hanra and B.M. Misra
An Analysis of Once Through and Recycle Membrane Systems for Desalination and
Effluent Treatment
CHEMCON-98

T.K. Dey and B.M. Misra, Characteristic Properties of a few Selected Polymers
for RO application
J. Polym. Materials (in press)

P.K. Tewari and B.M Misra
Large Size Desalination Plants to Augment Water Resources
Water Asia-99, New Delhi, January 19-21 (1999).

Invited Lecture

B.M Misra and V. Ramachandhran
Polymeric Membranes for Reverse Osmosis
International Symposium on 'Advances in Polymer Science and Technology
(MACRO '98), Jan. 5-9,1998, Cheimai.

B.M Misra and V. Ramachandhran
Membrane Separation
International Conference on Disperse Systems, Feb. 19-21, 1998, Calcutta.

B.M. Misra
Control of Brackishness in Drinking Water
National Workshop on Control of Brackishness in Drinking Water, CSMCRI,
Bhavnagar, July 28-29,1998

P.K. Tewari, R.K. Verma and B.M Misra
Recent Trends in Thermal Desalination
National Workshop on Control of Brackishness in Drinking Water, CSMCRI,
Bhavnagar, July 28-29,1998.

M.S. Hanra
Nuclear Desalination Demonstration Plant
CHEMCON-98, Andhra University, Vishakhapatnam.
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Patents

Following patents were approved by BARC Committee and sent to DAE Cell.

1. Drying of Commercial Wet Cellulosic and Polyamide Membranes for Dry Storage,
Handling and Transportation

2. A Novel Method for me Preparation of Spiral Wound Elements for Reverse
Osmosis, Nanofiltration and Ultrafiltration Applications
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DIVISION OF REMOTE HANDLING & ROBOTICS

Major Achievements

Research and Development programme at the Division of Remote Handling &
Robotics is primarily oriented towards development of needbased technologies in the
areas of Intervention Robotics, Remote Manipulation and Advanced Automation for
beneficial substitution of manual labour with stress on achieving higher levels of safety,
reliability, ergonomics and consistency in handling diverse tasks in nuclear facilities.

During the period under review, the programme progressed further on the
following lines.

(i) Bilateral Master Slave Servomanipulators
BARC-HMT Collaboration Programme:

Installation and commissioning activities are in progress at WIP Site at Trombay.
Certain functional refinements identified during trials are being incorporated. While two
pairs are under installation at WIP Site, one pair is intended for studies on Advanced
Telemanipulation under IX Plan Project.

(ii) C06O Teletherapy unit for cancer therapy:

With the completion of certain functional modifications in the mechanical Sub-
Assemblies, the unit has been reassembled; progressive implementation of the interlocks
and control systems is underway.

(Hi) Special Systems for Power Reactor Maintenance:

Development of certain custommade robotic/remote manipulation systems for
Power Reactor Maintenance is underway. With the successful implementation of the core
shroud inspection device for TAPS Reactor reported earlier, upgradation of the system
and enlargement of scope of work is underway. An improved cleaning head for
inaccessible areas, a 1.2 m long link mechanism for taking the cutting tool to the desired
location, a system for De-canning of active fuel bundles and valve viewing system for
CCTV Camera are some of the devices designed for implementation.

Design work for the development of an inspection device for Moderator Heat
Exchanger at NAPS is in the final stage. For the sub-systems and components already
designed, fabrication and procurement activities are underway.

134



Design work is in progress for the development and supply of the system for ISI
and Repair Tooling for RAPS (1&2) type Steam Generators; revised quotation for this
complex system has been accepted by NPCIL.

(iv) Food Irradiator (POTON) Project:

Design of the mechanical systems for the commercial scale Irradiator (POTON)
has been completed. Fabrication of components and sub systems is in progress and in
some cases completed. As for the electrical and control systems, design has been finalised
and further action is underway for procurement.

(v) Robot configurations:

Computer Aided Robot Programming (CARP) environment has been developed
and demonstrated for the 6D0F Robot reported earlier. This is an interactive graphic
environment with several advanced features through multiple window GUI. Motion
analysis functions for obstacle detection, on-line 3D display of end effector locus in
workspace and collision position have been developed and integrated in the environment.
Full 3D simulation of the robot motion control with hit detection has been demonstrated.

Design of yet another custommade SCARA Robot has been initiated for loading
and unloading samples for analysis with liquid scintillation counters.

Technology for DC Servo Robots is under development.

Design work has been initiated for development of special/upgraded
configurations for handling higher payloads. This includes a needbased Hydraulic Robot
for Refuelling Technology Division and a Cooperative Robot (Coordinated
Manipulators).

(vi) Mobile Robots/Walking Mechanisms:

Design of an articulated mobile platform (caterpillar) has been completed and
action is underway for fabrication of the system.

Design of a 'Crawler' for CIRUS pipe inspection has been completed and
feedback from preliminary trial runs indicated the need for a few refinements in design to
ensure steady mobility and stability. Preliminary Design proposal for an In-service
Inspection Robot for PFBR Main Vessel has been sent to IGCAR for review; feedback
from IGCAR is awaited.
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(vii) Autonomous Guided Vehicle (AGV) for fuel rod handling at AFP:

On the basis of the feedback from the trial runs of the scaled down version of the
AGV, certain modifications in the mechanical design have been identified to facilitate
effective integration of the sensory control sub-systems; a few other design refinements
have also been identified to ensure fault free mobility and monoeuvrability in the work
area at AFD. Further work is underway.

(viii) Advanced Sensory Devices and Vision Systems:

The performance of the Stewart Platform based Force Torque Sensor was assessed
for simple assembly operations integrating it with a cylindrical coordinate Robot; the
Sensor (performance) compared well with a compliant tactile sensor. Studies on vision
based Robot control are in progress. Algorithms have been developed for collision free
part handling under vision based control, development of the necessary hardware and
software is in progress. Development of visually directed object dependent grasping is in
the advanced stage of completion.

(ix) Mechanical Master Slave Manipulators;

Development of the new 3 piece Mechanical Master Slave Manipulator type is in
progress; the prototype is under fabrication. Manufacture and supply of few more pairs of
the Rugged Duty Manipulators developed by the Division has been completed and
installation and commissioning activities are underway at User's Site.

00 Development of modelling language for visual simulation:

A modelling language ' V has been developed for modelling and simulating
mechanisms such as Robot Manipulators, Walking Mechanisms, Mobile Robots and
Food Irradiator Facility. The language is useful for modelling and animating practically
any mechanism (or process) involving rigid bodies.

(xi) Other significant developments:

Other programmes currently underway include Power Manipulators for KARP,
Periscope for FBTR, a comprehensive Automation system for BRIT Transport Package, a
Film Counter Automation for DRP and a Pool Side Inspection device for RMD.

(xii) IX Plan Project: Sub-programme 'Advanced Telerobotic Manipulator and
Automation* under the Apex Project 'Nuclear Fuel Development
Programme'

Research and Development activities envisaged for the Sub Project have been
initiated.

136



(xiii) Technology Transfer/Collaboration programme;

Detailed discussions held with established Manufacturers in the Private and
Public Sectors (for launqjng a cost effective and tim,e bound programme for the
manufacture and supply of Rugged Duty Manipulators) culminated in the proposal for a
Memorandum of Understanding (MOU) between BARC and HMT Limited, Bangalore.
The Draft MOU incorporating the cost and other relevant aspects was prepared jointly by
BARC and HMT by mutual consultations and agreement.

The proposal has since been approved by the Competent Authority and the MOU
will be formally entered into shortly.

Apart from ensuring supply of the Manipulators needed for certain vital Projects
under the DC Plan within a reasonable time frame, the programme is also expected to
establish a competent Vendor in the Public Sector for taking up the manufacture and
supply of other varieties of Manipulators as well to meet our needs in the longrun.
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ELECTRONICS DIVISION

Major Achievements

A. Design and Developments:

1. Modernisation of FBTR Nuclear Instrumentation:

Electronics Division of BARC has successfully completed the project of
modernisation of the nuclear instrumentation of Fast Breeder Test Reactor at
Kalpakkam. The instruments developed with state of art technology are required
for start-up, intermediate and power range monitoring and coolant flow
monitoring for the purpose of reactor protection and power monitoring and failed
fuel detection. This development work involved total redesign of the
instrumentation and was primarily aimed at reducing the problems faced with the
earlier instrumentation such as difficulty in maintenance, obsolescence of
components and their increased failure rate. Ten types of prototype channels
were developed, fabricated and tested for relevant specifications. The know-how
of the design of these instrumentation has been transferred to ECIL and the
production of equipment has been completed and installed at FBTR. The new
instrumentation is successfully commissioned and reactor attained criticality on
25th June 1998. The new instrumentation has the following features:

> Improvement in ease of maintenance
> Incorporation of latest advances in component technology
> Design with low component count supported by multiple vendors resulting in

high Mean Time between Failure (MTBF) and easy availability of spares.
> Integration of trip, alarm & Sealer-Timer units into the channel with Fine Impulse

Test (FIT) facility resulting in considerable reduction in inter connections &
wiring

> Optical isolation between channel, logic outputs & FIT
> Start-up channel resolving time of 100 nano seconds with 100 metres cable from

detector to instrument without pre-amplifier
> Micro processor based reactivity measurement for improved accuracy &easy

modification of core parameters
> Integration of DND channels with neutronic channels and thus ensuring physical

and electrical segregation of DND system.

The total project execution was a result of team work between the
different DAE organisations. This consisted of finalisation of specifications
(IGCAR), design, prototype fabrication (BARC), component Procurement & QA
(BARC, NPCIL), prototype testing & detailed documentation (BARC, NPCIL &
IGCAR), Software Validation & Verification (AERB, BARC), know-how
transfer (BARC, ECIL), production (ECU & NPCIL) & commissioning (BARC,
ECIL, IGCAR)

2. Modification of RAPS#2, Start-up Instrumentation:

As the core gamma at RAPS#2 during 1st approach to criticality was
greater than 104 R/hr, elaborate tests were carried to measure the gamma tolerance
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of the Boron-10 lined counters. Based on the results these detectors were replaced
with Fission counters. The startup instrumentation was modified to interface with
Fission counters.

3. Upgradation of RAPS #2 Reactor Regulating System:

The Reactor Regulating System of RAPS # 2 was decided to be upgraded
to the similar design of Reactor Regulating System of KAPS as supplied earlier
by Electronics Division. The existing system design reviews were conducted and
the modified system was proposed. Based on this modified design proposal
NPCIL has placed an order to design, develop, test and supply four channels
incorporating the KAPS design. AH the required channels are developed and
presently undergoing NPCIL review. These channels will be installed and
commissioned at RAPS # 2 during the next annual shut-down period.

4. Detectors

1. A high sensitivity boron-10 lined proportional counter has been developed
for reactor start-up instrumentation. With a sensitivity of 17 cps/nv, the counter
can monitor neutron flux levels of the order of 0.3 nV. The counter was tested for
its susceptibility to gamma background. Its neutron counting sensitivity was
found to reduce by 35% at 10 R/h for a resolving time of 0.5 us.

2. A miniature ion chamber capable of monitoring gamma exposure levels
upto 10*4 R/h has been developed. The chamber is filled with argon and makes
use of a nickel-coated alumina-ceramic tube as one of the electrodes. It has a
current sensitivity of lOpA/R/h. The chamber requires 750 volts for saturation at
6400R/hr.

3. A re-entrant type ion chamber has been developed for the assay of
gamma-emitting isotopes used in brachytherapy. The chamber is open to
atmosphere.

4. An ion chamber has been developed for the Beam Spill Monitor at CAT.
Metal-coated alumina tube has been used as one of the chamber electrodes. The
chamber is filled with argon and its gamma sensitivity is 14 pA/R/h. The chamber
requires 700 volts for saturation at 1.4 x 105 R/h.

5. A boron-10 line ion chamber has been developed for neutron monitoring
applications in reactor instrumentation. The chamber has volume gamma
compensation and has a neutron sensitivity of 14fA/nv and an uncompensated
gamma sensitivity of 7pA/R/h. It has an average compensation ratio of 5%.

6. SS-A1 clad material is being used as interface to weld ceramic metal seals
to aluminium material used in the development of neutron detectors and other ion
chambers. This material is procured from various sources like DRDO
laboratories, CWS etc. and the integrity of the bond strength is being studied.
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Samples with poor bonding have been repaired successfully be carrying out
electron beam welding using silver material. Two boron lined neutron ion
chambers with the clad material as an end plates have been reconditioned by this
technique.

5. Health Physics Instrumentation

1. Neutron Flux Monitors were developed, fabricated and supplied to VEC
Calcutta. The monitors incorporate He3 Proportional counters developed in
BARC (SSPD Div.) The Fast neutrons are thermalised using paraffin wax
Moderator Assembly with cylindrical geometry. Cadmium sleeve is used to
attenuate incoming thermal neutrons. The range covered is from 5 nv to 5000 nv.
The anlog output and relay contacts for Alarm annunciation are provided.

2. Teletector, a portable unit is developed is developed for wide range
gamma field measurement. It uses two GM Counters to cover total Range of 1
mR/Hr to 1000 R/Hr .A 2 Line alphanumeric LCD shows the Radiation field and
status of counters. Micro controller computes pulse rate adjusts counting time
selects appropriate counter data corrects for nonlinearity and converts countrate to
Doserate and displays on LCD. Telescopic arm with cable winding mechanism is
used to monitor radiation at locations within about 4 metres of length.

3. Compact version of Gamma sensors are developed. The GM counter with
lograte meter and HV supply is available in small volume.The analog output 4-20
mA and counterFail signals are provided. The sensor uses external +/-15 V DC
Supply.

4. Skin Dose Monitor for measurement of beta dose received by skin in case
of contamination and pilferage is developed. The probe incorporates lin plastic
scintillator coupled to Photomultiplier Tube with 1 metre cable. The absorbed
doserate is indicated in Rad/Hour as well as it is sent to remote logging as 4-20
mA. PMT current output is measured by monitoring feedback voltage required to
maintain constant current in PMT.

5. Ultrasonic Imaging Systems:

Advanced Ultrasonic Imaging Systems (ULTIMA 100+) for NDT/NDE
have been fabricated and supplied to BHEL, Hyderabad and RMD, BARC
respectively. These systems enable sampling of ultrasonic echo signals at rates
upto a maximum of 100 MSPS. This system is capable of generating two
dimensional images (B or C scans) of materials cross-sections for defect
visualisation. A similar system supplied earlier to AFD was upgraded for
improved performance.

6. Portable Multi Channel Analyser (MCA) & NIM Instrumentation:

A battery operated portable MCA was designed around CHAMELEON
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(credit card PC) based CPU card with 8K nuclear ADC, programmable gain Pulse
amplifier and programmable High Voltage cards with ISA Bus. The unit has a
graphical LCD display for displaying the spectrum and interface is through a hand
held terminal. The unit has most of the software features of a standard MCA.

Low Power small size MCA for portable spectroscopy system was
designed and constructed. The MCA operates on +5V available from battery and
draws nearly 200 M. A.S. Most of the digital circuit including interface and data
acquisition circuit is integrated into a single FPGA. The total card size is less
than half size of standard PC add on card. The MCA was tested for 4K
resolution. The ADC gives conversion time of nearly 15 usec. And DNL < +/-
1%.

New design was made for CDC's so that 16 CDC's can be fabricated in a
single CAMAC module. Initial testing gives satisfactory results. A CAMAC
module has been fabricated which is under test.

Knowhow of 8K MCA "PCA-985" was transferred to Nucleonix
Corporation, Hyderabad. All assistance and supervision needed for fabrication
and testing of 4 cards was given.

A TAC with single channel analyser suitable for time range 20 ns full rate
to 1 sec. full cable has been developed.

5 KV supply of changable polarity suitable for biasing of PHGe and Si(li)
detectors has been developed. A dual 1 KV supply suitable for liasing thin
semiconductor detectors (PN, surface burner) has been developed. It provides
load current read out with resolution of 10 nA for the purpose of monitoring
radiation damage of detectors.

7. Up-gradation of Gamma Camera Imaging Systems:

Gamma camera - PC interface: Radioactive tracers are routinely used for clinical
diagnosis of different metabolic diseases. In these studies a sophisticated
electronic imaging device - gamma camera plays a significant role. With the
passage of time and improvement in electronic technologies including personal
computers, old versions of gamma camera become obsolete. By interfacing them
to contemporary personal computers one can use these systems more effectively.
These up-graded systems also require PC software for clinical evaluation and
quality control of imaging studies. Electronics Division has developed this PC
based software in close association with users in Radiation Medicine Centre,
BARC. Electronics Division has also fabricated two versions of interfaces
ANUGAMI-S and ANUGAMI-P. ANUAGMI-P is being routinely used in
Radiation Medicine Center (RMC) for the last five years, consequently old
PICKER DYNA IV and GE MAXICAMERA 400T are being used effectively.

ANUGAMI-S card because of low cost had been accepted by IAEA for the
Agency's Up-gradation program. About eighty-ANUGAMI-S cards have been
supplied to different countries under IAEA program. This card does not use a
separate processor to acquire the data and it is dependent on host PC. Most of the
limitation in simultaneous acquisition and display of data encountered in earlier
version have been overcome due to availability of Pentium P-II processor.
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ANUGAMI-P card as it has on-board TRANSPUTER to carry out the acquisition
and transfer the data to host in parallel. It accepts X, Y position inputs along with
synchronizing signal from the Camera. It also accepts energy and ECG sync
signals for online energy correction and multi-gated cardiac acquisition. Three 12
bit sampling ADCs with a conversion time of 800ns are used for digitizing the X
position, Y position and Z (energy) signals on occurrence of an event. The
digitized data are read by the TRANSPUTER and builds image in its external
memory. The card has been designed with 8 Mbytes of dynamic RAM to
accommodate large number of images in dynamic and SPECT mode of
acquisition in additipn to correction factors for on-line energy, linearity and
uniformity corrections. Besides, motor control hardware to control the rotation of
the Camera head has been provided for SPECT (Single photon Emission
Computed Tomography) acquisition. The task of image acquisition and its
presentation is distributed among TRANSPUTER and the host PC. The overall
dead time of the system including software overheads of on-line corrections is
around lOus. In addition to RMC; it is being used in PERU. Recently it has been
installed at two institutes in Delhi - All India Institute of Medical Science
(AIIMS) and at Institute of Nuclear Medicine and Allied Sciences (INMAS).

IAEA meeting was held for evaluation of gamma cameras up-gradation
systems, ARCAL XXIII PROJECT, IAEA, Santiago de Chile, September 21-25,
1998. The PC interface cards developed by CUBA, INDIA and SLOVENIA
along with the software for clinical evaluation were evaluated in Argentina.
Suppliers (CUBA, INDIA and SLOVENIA) and the participants (Argentina,
Bolivia, Brazil, Chile, Cuba and Peru) discussed these results. Suppliers were
asked to demonstrate their cards and software. The participants discussed these
results along with the results of evaluation committee. Participants recommended
SLOVENIA card as the first choice and ANUGAMI-P as the second choice for
supply to Latin American countries by IAEA. Preference of Spanish language,
made CUBAN software as first choice for supply to Latin American countries.

8. Component Based Software Development:

Component Based approach is being adopted in the division to carry out
software development required for various projects. The approach leads to
increased productivity, reliability and re-usability without programming language
constraints. Microsoft ActiveX component standard has been adopted for this
purpose.

To begin with, since most of the data acquisitions systems provide some
kind of graphical output, One / Two dimensional Graph Controls have been
developed The controls have been used in the In-core Flux mapping system
supplied to KAPP, Multiparameter Data Acquisition system for Pelletron
accelerator facility, TIFR. These components can be used in any application
which needs to display ID / 2D graphs. The ID graph control supports Bargraph,
Trend and Histogram graph types. The graph can be plotted using line, step or
scatter styles, in log or linear scale and can support multiple plots. Analysis
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methods such as peak find, peak fit, area calculation and calibration. The 2D
graph control supports Gate definitions, Area calculation, Color scale
modification and projections on X/Y axis.

9. VLSI Developments (HMCs & ASICs):

a) Design of ADAM- Synthesis:
The design which was earlier ported to VHDL & simulated using ALDEC

VHDL simulator was taken to ANURAG for further processing. The design was
simulated again in CADENCE Leap-Frog simulator and the test bench was
appended for extensive simulation. The Design was then synthesized using ITI's
Cell Library. The post synthesis functional & timing verification was also done.
The estimated core size is around 10 mm sq. and the safe maximum count rate
handling capability is around 3 MHz (taken as 1/10 th of maximum toggling rate).
The top-level schematic is prepared using the core & I/O pads, which is now
ready for placement & routing (to be done at ITI, Bangalore).

b) Setting of facilities and training:

i) MicroSim-Design Lab., a mixed signal circuit / system simulation
software has been installed and is being used by the design engineers from
different sections of Electronics Divn.
ii) PISCES: Process simulation software has been installed in Linux
environment.
iii) The Linux ver. 5.2 & the Alliance - a public domain VLSI design tool,
brought from ICTP-ITALY has been installed. The working of various tools of
alliance is being verified.

10. CAMAC developments:

a) Neutron Diffractometer Data Acquisition system using Multiple-PSDs:

The design of this Transputer based Position Sensitive Detectors
Position Sensitive Detectors (Multi-PSD) data acquisition system is completed.
Development of Windows 95 upgrade of the data acquisition software is
completed.

b) Multi Transputer Multi Parameter Data Acquisition System:

MTMPS is a high performance PC-CAMAC data acquisition system is
developed for Accelerator based nuclear physics experiments. Along with data
acquisition, spectra building and control, the software also supports networking
features and remote PC data logging. Two such systems are in continuous use at
Pelletron facility. TIFR for heavy ion physics experiments. One such system has
also been installed as a facility for accelerator based experiments at VECC
Calcutta during 1998.

c) EDACX: CAMAC multi-parameter data acquisition system:



Three Transputer-based CAMAC multi-parameter data acquisition
systems (EDACX) are developed and installed in NPD. Each of these systems is
being used for different experiments; namely pulse shape discriminator
experiments, heavy ion induced experiments and testing of silicon strip detector.

The software is now upgraded to Windows 95 platform. The device driver
used in this system can also be used by other transputer-based applications on
Windows 95.

d) Design and Development of PC interface cards:

Single channel and dual channel (PCIF_MACH and DPCIF_MACH)
Transputer to PC interface cards are tested for their all features. These cards are
designed around AMD's MACH devices (CPLDs) and are used to interface any
Transputer based system with PC. These cards support the usage of PC interrupts
and DMA channels.

e) Development of Windows NT Device Driver:

Development of Windows-NT device driver for Transputer based
MultiParameter data acquisition systems has been undertaken. This device driver
supports PC Interrupts and DMA channels.

The design modification in the prototype of Multi-CAMAC crate
controller has been incorporated & functional testing has been completed.

11. Bio-medical Instrumentation:

1. PC Based Impedance Cardio-vasograph: A PC based Impedance cardio-
vasograph has been developed for the study of central and peripheral blood
circulation. The software of the system is menu driven and user friendly. One
system has been shifted to BARC Hospital and is under installation and one more
system is being calirbated for clinical evaluation at J.J. Hospital.

2. Bed side veno screen: For screening high risk patients of Deep Vein
Thrombosis in ICCV and ICV, a small, portable, rechargeable battery operated
with chameleon board and LCD screen has been developed. The unit can be
taken to the bed side of the patient and screening can be carried out periodically
on high risk patients so that corrective action can be taken promptly.

B. Units and Modules supplied during 1998:

1. Eight numbers of Turbine HP/LP shaft diffferential expansion measurement units
were designed, developed, tested and supplied to RAPS 1 & 2.

2. Seven numbers of Spectroscopy Amplifiers were fabricated, tested and supplied
to Analytical Chjemistry, Radio Chemistry, EAD,CCCM and NSC.

3. One Spectrum stabilising ADC module is supplied to VECC.
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4. One 100 MHz Transient Digitizer TD HOOT supplied to CAT Indore (Laser
Programme).

5. One 100 MHz Dual Channel Transient Dgiitizer (TD2100I) supplied to
Electronics Division.

6. Two video frame processor boards have been supplied to L&PTD (BARC).
7. Two numbers of PC add on card MCA's, PCA-95 were given one to TIFR and

HPD.
8. CAMAC and related modules:

Dataway Display Model CM68 (8 Nos.), 48 I/O Registers Model CM65 (5
Nos.), Controller Model CC7 (3 Nos.) and PC Interface (1 No.) supplied to NRL.
One Nuclear ADC Model CM60 has been supplied to Van de Graff. One
Scanning ADC Model CM61,one 12 bit DAC Model CM62, one Serial Driver
PC-Addon, one CAMAC Crate, two Serial Crate Controller Model SCC and two
Universal Port Adapters have been supplied to Industrial Accelerator (Vash). Four
Boxcar
Averager Model VBC250 have been supplied to Chemistry Division. One
TDC Model CM81 has been supplied to TIFR.

C. Seminars/Meetings/Publications:

1) Two courses were organized by Electronics Division during the periods
(1 -6-98 to 5-6-98 and 24-6-98 to 25-6-98:
i) A Five day Integrated course on 'Electronics PCB Assembly and SMD rework
techniques' and
ii) Two days training course on 'Electronic System Design Incorporating
manufacturability, reliability and repairability.
The first course extensively covered theory and practical work related to soldering
and resoldering techniques. The participants were familiarised with different
soldering machines and means of soldering SMDs in various packages such as
PLCC, PGA & BGA.

The second two day course concentrated on issues such as Orientation of
components and soldering techniques, Heat management with PCBs, Device
derating considerations and Considerations for ease of removal of damaged ICs to
ensure serviceability.

The participants (nominated from Electronics Division, Computer
Division, Electronics Systems Division & TPPED) found the above courses
highly satisfactory, informative and relevant to their applications)

2) 'Development of B-10 lined proportional counters for neutron area monitoring'
by P.M. Dighe, K.R. Prasad and R.K. Jakati was presented at the 12th National
Sympoisum on Radiation Physics, Defence Laboratory, Jodhpur, Feb. 1998.

3) 'Use of argon filled ion chambers to estimate high gamma exposure rates' by V.
Balagi & K.R. Prasad was presented at the 12th National Symposium on
Radiation Physcis, Defence Laboratory, Jodhpur, February 1998.

4) 'A gamma compensated neutron sensitive ion chamber with integral mineral
insulated cable assembly' by Mary Alex and K.R. Prasad was presented at the
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12th National Symposium on Radiation Physics, Defence Laboratory, Jodhpur
Feb. 1998.

5) 'LPRM detectors and their applciations' by K.R. Prasad et al has been accepted
for publication in Nuclear Instruments & Methods.

6) 'A high sensitivity ion chamber with wide range gamma monitoring capability'
by P.M. Dighe, R. Karpagam, K.R. Prasad & R.K. Jakati has been accepted for
presentation at the 24th IARP conference to be held at Kakrapar on 20-22 January
1999.

7) 'Meausring high gamma exposure with ion chambers' by V. Balagi & K.R.
Prasad has been accepted for presentation at the 24th IARP Conference to be held
at Kakrapar on 20-22 January 1999.

8) 'Boron-lined neutron detectors with gamma discrimination for reactor
applications' by K.R. Prasad, P.M. Dighe and Mary Alex (accepted for
publication in Indian Journal of Engineering & Materials Science. )'Estimating
gamma fields with an ion chamber operating below saturation' by Prasad K.R.
and Balgi V., Annals of Nuclear Energy, 256 (1998).

9) 'Self-powered detectors for reactor in-core applciations' by Prasad K.R., Mary
Alex, and V. Balagi., Journal Sains Nuclear Malaysia (In press).

10) 'An ion chamber for wide range measurement of bremsstrahlung from
accelerators' by Prasad K.R., Alex M., Balagi V. and Dighe P.M., Journal Sains
Nuklear Malaysia (In press).

11) A thesis entitled DEVELOPMENT AND ROLE OF ION CHAMBERS IN
GAMMA RADIATION DETECTION by Mary Alex has been submitted to
Bombay University for MSc.

12) A thesis entitled INDIGENUOUS DEVELOPMENT OF NUCLEAR
RADIATION DETECTORS AND THEIR APPLICATIONS IN NUCLEAR
FACILITIES by K.R. Prasad has been submitted to Bombay University for PhD.

13) 'Model for derivation of Left Ventricle TAC and Selection of algorithm for
estimation of velocity based parameters' by B. Singh, S.H. Moghe, U.N. Nayak
and A.M. Samuel^IJNM 13 (1998) 158.

14) 'Validation of cardiac cycle based MUGA numberic phantom with hardware and
patient data' by B. Singh, S.H. Moghe, N.S. Baghel, P.S. Soni, U.N. Nayak and
A.M. Samuel IJNM 13 (1998) 159.

15) 'Formulation of algorihtm for estimating left ventricle time activity curve (TAC)
from multigated acquisition (MUGA) study' by B. Singh, S.H. Moghe, U.N.
Nayak and A.M. Samuel IJNM 13 (1998) 1608.

16) 'A simple circuit for background reduction in low level tritium activity
measurement using liquid scintillation counting' P.P. Vaidya, R.K. Gurna, J.D.
Tabib, K.R. Gopalakrishnan, Nuclear Instruments and Methods in Physics
Research - Section AA-411 (1998) 188-190.

17) 'Development of Gamma Camera PC interface cards in India - a review'
presented by S.K.Kataria and B.Singh at meeting for evaluation of gamma
camera, APCAL-XXIII Project meeting, Santiego, Chile, Sept. 21-25 1998.

18) Draft Handbook on 'Care, Handling and Protection of Nuclear Medicine
Instruments' was submitted to IAEA for review and publication. This draft was
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prepared jointly by the working group constituted by IAEA for this purpose from
different countries.

19) 'Development of Bedside VASO-SCREEN at B.A.R.C.' by Sadhana A.Mandlik,
Ch.Vijay Kumar,J.P.Babu et al.to be presented in 'Conference on Biomedical
Engg.' Scheduled on 27th Feb.99.

20) 'Development of Medical Analyzer at B.A.R.C' by T.S.Ananthakrishnan,
J.P.Babu,G.D.Jindal et al. to be presented in 'Conference on Biomedical Engg.'
Scheduled on 27th Feb.99.

21) 'Low cost stepper motor controller' by A.Narsaiah BARC report no.
BARC/1998/1/012.
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E L E C T R O N I C S S Y S T E M S D I V I S I O N

M a j o r A c h i e v e m e n t s

1. Vision Systems Development

i) Image Processing System for Crack Growth Studies of Piping Components

A PC-based Image Processing System was developed for simultaneously
monitoring the crack growth and crack mouth opening displacement on pre-
cracked straight pipes and elbows at specified load values during the fracture
experiments. It consists of four CCD cameras interfaced to Pentium-II through a
PCI frame grabber. Two cameras are used for measuring the crack growth at two
crack tips, one for crack mouth opening at four positions and one for recording the
load values. The images acquired by these cameras are later analyzed to generate
load vs. crack growth and load vs. crack mouth opening displacement data. The
system was installed at Structural Engineering Research Centre, Chennai in Dec,
1998.

ii) Development of X-ray Imaging Based Mango Quality Assurance System

A system was developed to study and demonstrate a computer guided manual
mango inspection. In this scheme the x-ray scanned image is shown on a PC
monitor and the operator marks a bad mango using a mouse as a pointing device.
Conveyor belt systems were fabricated for loading and sorting operations. PC
interface was developed for laser pointers at sorting station to indicate rejection of
mangoes. Images of Neelam, Totapuri and Alphanso mangoes were Scanned and
acquired to carry out mango defect characterisation studies.

iii) Development of Algorithms and Processing Software for Biomedical
Applications

A micronuclei analysis and chromosome karyotyping system was developed and
installed at Cell Biology Division. The system consists of 3 CCD cameras
mounted on microscope with a reduction lens. The microscopy system is
interfaced with a PC and a true color frame grabber. Micronuclei analysis consists
of segmentation and measurement of cell parameters like cell area, ratio between
nuclei size and its fragments. Cltfomosome analysis system performs numerical
counting and chromosome identification for groupwise sorting and karyotyping
operations.
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Software was developed for analyzing data from annotated GenBank DNA
sequence data files. It basically counts the number of each of the 64 triplets in the
coding DNA strands and generates a codon Usage Table, using the Universal
Genetic Code for translation of the codons into amino acids.

2. Instrumentation

i) Development of Dual Channel Acoustic Emission Analysis System

A PC-based Dual Channel Acoustic Emission Analysis System was developed for
NDT applications of nuclear reactor components. The system was used to detect
leaky seal-plug assemblies in simulated leak test experiments performed at Fueling
Machine Test Facility at Engg. Hall-7. The signal generated due to leak was
captured and analysed for its characterization in both time and frequency domain.
System was able to detect minimum leaks up to 90cc/hr. The system captures the
acoustic signal emitted due to any D2O leak at high pressure and high temperature
in the seal-plugs of fuel assemblies of PHWRs.

ii) Development of PC-based Impact Analysis System

A PC-based Impact Analysis System was developed for determination and
analysis of impact strength of materials. The system captures the fast transient
data generated by sudden fall of the load on different material. Its analysis is done
to filter out any noise and select the actual signal due to impact. This signal data
of interest is then converted to a tabular form for displacement, velocity,
acceleration, load and force parameters. The system was used in conjunction with
Impact Testing Machine using different 'g'- value sensors at Engg. Hall-7. The
data was analysed for measurement of impact strength of these SS specimens for
standardisation of spent-fuel-shipping-casks to be used for transportation of spent
fuel.

iii) EDAX System Development

Work on development of EDAX system for Scanning Electron Microscope at
AFD was undertaken. A PC based 8K Multi-channel Analyser was integrated and
tested. Simulation studies were carried out using Am-241 60 Kev X-ray source
for testing the spectroscopy set-up. Work on development for Pre-amplifiers for
nuclear spectroscopy system was undertaken and a compact voltage sensitive
preamplifier for whole body scanner for Thyroid patients was developed.
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iv) Fire Alarm Sub-System

A micro-controller based smoke detector module has been designed and tested
with ionization type smoke detector. The system can be used to connect upto 800
detectors on 8 loops on a twisted pair cable carrying power as well as data signal.

v) On-line Trip Parameter Test System for Primary Shut-down System of
Reactors

A micro-controller based system has been developed to test upto 24 trip
parameters of each channel. Laboratory testing of single channel was carried out
successfully.

vi) DSP based Multi-Frequency Eddy Current (MFEC) testing system

A DSP based MFEC system card was installed on a 486 PC at AFD. The system
is meant to test a variety of components and materials using single or multiple
frequencies simultaneously. The system was calibrated for electrical conductivity
and metal hardness measurements.

3. Physical Protection Systems Development

i) Semi-proximity card based readers with QNX based Central Controller
have been installed at RMP, Mysore and KARP, Kalpakkam.

ii) Development of advanced CCTV control system based on DSP was
designed to handle upto 128 video cameras alongwith video-motion
detection capabilities. It has features like quad video display and audio
transmission facilities.

iii) Integrated Security System Interactive User-interface for Alarm Reporting
sub-system and CCTV Control sub-system alongwith Access Control sub-
system has been developed for Kaiga project.
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Imaging set-up for fracture experiments to monitor
crack growth and crack mouth opening displacement.
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Out-of-plane crack growth on an 8 inch carbon
steel pipe during fracture experiments.
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EXPERIMENTAL SETUP FOR ACOUSTIC EMISSION SYSTEM TO
MONITOR INITIATION OF FRACTURE CRACK IN SPECIMEN

UNDERGOING TENSILE TEST FOR MATERIALS CHARACTERIZATION
AT B.A.R.C.
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Publications

1 'Computer-Vision-Based approach to personal identification using Finger Crease
Pattern' by Shri D.G. Joshi, Y.V. Rao, S. Kar, Smt. Valli Kumar and Shri Ranajit
Kumar Pattern Recognition, Vol. 31, No. 1; pp. 15-22, 1998.

2 Trends in Image Processing' by V.K. Chadda, presented in DAE-BRNS workshop
on applications of Image Processing in plant sciences and agriculture (WIPSA) held
at BARC, Mumbai during Oct. 26-30, 1998.

3. 'Image Processing Techniques for Thermal, X-rays and Nuclear Radiations' by V.K.
Chadda, presented in DAE-BRNS workshop on applications of Image Processing in
plant sciences and agriculture (WIPSA) held at BARC, Mumbai during Oct. 26-30,
1998.

4. 'Image Processing Hardware' by D.G. Joshi, presented in DAE-BRNS workshop on
applications of Image Processing in plant sciences and agriculture (WIPSA) held at
BARC, Mumbai during Oct. 26-30, 1998.

5. 'Principles and Applications of Color Image Processing' by S.V. Kulgod, presented
in DAE-BRNS workshop on applications of Image Processing in plant sciences and
agriculture (WIPSA) held at BARC, Mumbai during Oct. 26-30, 1998.

6. 'Basics of Image Processing' by Smt. Valli Kumar, presented in DAE-BRNS
workshop on applications of Image Processing in plant sciences and agriculture
(WIPSA) held at BARC, Mumbai during Oct. 26-30, 1998.

7. 'Development of dual channel acoustic emission analysis system' by H.R. Mehta,
A.K. Sharma, A.K. Singh, and R.K. Nigam, presented in the National seminar on
Non-destructive evaluation-The Indian scenario and challenges ahead, NDE-98 held
at Thiruvananthapuram during Dec. 10-12,1998.

8. 'Fractal Based Unstructured Object Recognition' by Shri S. Kar and Shri S.
Chandran, proceedings of 1st India conference on Computer Vision, HT Bombay,
Graphics and Image Processing, 21-23 Dec. 21-23, 1998, New Delhi.

Following Experiments were setup and demonstrated to the participants of DAE-
BRNS workshop on applications of Image Processing in plant sciences and
agriculture (WIPSA) held at BARC, Mumbai during Oct. 26-30,1998.

1. Protein estimation of Dot Blots By S.V. Kulgod, S.V. Bannur, S.S. Metkar, S.K.
Mahajan and J.K. Sainis

2. Color Image Analysis for estimation of chlorophyll in vivo and in vitro Blots By
S.V. Kulgod, S.V. Bannur and J.K. Sainis

3. Software for automatic Reading of DNA Sequencing Autoradiograms By Lizy Pious
and A.V.S.S. Narayana Rao (MBAD)

4. Demonstration of Colony counting Software By KG. Krishna, J.K. Sainis,• S.V.
Kulgod, and S.V. Bannur J.K. Sainis.
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ENVIRONMENTAL ASSESSMENT DIVISION

Major Achievements

1. MODELLING STUDIES

1.1 Atmospheric Modelling: A three-dimensional complex terrain model is developed
based on prognostic equations for momentum, thermodynamic equations for heat and
moisture and continuity equation. The initial profiles and boundary values of all the
meteorological variables are the only input to model. Initial testing of the model has been
carried out using the measured data at Kalpakkam where it could successfully simulate
the land and sea breeze. The wind field generation around a synthetic hill also shows
reasonable results. At present, the model is being used to simulate the wind field
generated by the SODAR at Trombay.

A particle trajectory model has been developed to compute the gamma dose under non-
stationary meteorological conditions. The results obtained were compared with standard
Gaussian Plume Model estimates (which involves the assumptions of stationarity and
homogeneity). The deviations observed between the two brings out the limitations of the
standard model, especially under short-term release conditions.

1.2 Hydrological Modelling: A probabilistic safety assessment model has been
developed which is composed of four components: source term, repository failure,
geosphere transport and radiological assessment. The source term is derived from the
low-level radioactive waste equivalent to 50 Gwe.y energy production either disposed at
an instant or distributed over 50 years. Sensitivity analysis is carried out to identify the
critical parameters. Uncertainty analysis based on random selection of all main
parameters from their distribution is also carried out to estimate the effect of overall
variation of parameters on the assessment end points. It is observed that the reference
level repository delivers an annual effective dose of 1.2xlO"2 mSv/GWe.y to a member of
the critical group after about 1250 years of disposal mostly from 129I, the long-lived and
less sorbing radionuclide.

Derived water concentrations (DWC) of about 40 radionuclides commonly encountered
radionuclides in the nuclear fuel cycle have been computed using ingestion, inhalation
and external exposure pathways. The computations have been made based on the primary
dose limit of 1 mSv.y'1 to a member of the critical group. It is observed that the
contribution from the inhalation, cloud immersion and terrestrial pathways to the total
effective dose is insignificant. The beach exposure pathway restricts the derived water
concentrations of gamma emitting and highly sorbed radionuclides. The derived water
concentrations vary between l.OxlO'5 Bq.ml and 100.0 Bq.ml*1; the minimum for 60Co
and the maximum for 3H. The derived water concentrations for sea water are generally
higher than those for fresh water barring a few exceptions.
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1.3 Validation of Atmospheric Solar Radiation Transport Model: A study has been
taken up to validate the Delta-Eddington radiative transfer model which accounts for the
aerosol effects in modulating solar radiation transport in the atmosphere. The ground
level size-separated aerosol mass concentrations are measured using the Quartz Crystal
Microbalance Cascade Impactor (QCMCI). Filter paper samples collected simultaneously
are used for deriving the chemical characteristics. These form the input for the model,
which computes the optical depth due to aerosols in different wavelengths. This, along
with the default values of Rayleigh and ozone optical depths and the mixing heights
obtained by SODAR at the Trombay site are used to compute the solar fluxes using the
model. The computed values compare fairly well (within +20%) with the measured
ground level solar fluxes. Further validation is being carried out using LIDAR data
collected in collaboration with HTM, Pune.

1.4 Statistical analysis of site related meteorological variables: Extreme value
statistical analysis on meteorological variables like maximum and minimum air
temperature, minimum relative humidity, maximum wind speed, monthly and daily
maximum rainfall at Trombay was carried out. Values of the extreme parameters for
return periods of 50 and 100 years were derived. These values are useful for arriving at
suitable design basis values to ensure the safety of any civil structure at Trombay with
respect to stresses due to weather conditions.

2. AEROSOL AND RADON THORON STUDIES

2.1 Radon Progeny Deposition and Charge Neutralisation: A generalised model has
been developed for deposition on surfaces of arbitrary shape for both ax. and d.c. fields.
Mathematical calculations including the end-effects performed for the modified cell
device in conjunction with the experimental observations give agreeable results for the
mobilities and charge-lifetimes of radon progeny. The linear form of the observed
enhancement factors for a.c. fields is also confirmed using the theoretical model. The
system provides a novel means of mobility and charge lifetime measurements. The effect
of water vapour on the neutralization of Po-218 is being theoretically examined using the
track recombination model. The presently available theory based on the radiolytic OH
radical production in the recoil track does not appear adequate when quantitatively
examined against the track recombination model. Hence, other possible effects such as
reduced Po-218 mobilities due to clustering of water molecules are being examined.

2.2 Coordinated Research Project (CRP) on radon mapping: The coordinated
research project on radon mapping across the country is being continued. Two inter-
comparison exercises were carried out during this period, where, LR-115 films exposed
to a known alpha flux, were sent to individual participating laboratories. These were
etched and counted at the respective laboratories using the standard protocol. While, two
laboratories could reproduce the results within statistical limits, 5 laboratories yielded
results with the expected trend but with a lower efficiency of track reading (18 to 56 %
lower than the expected values).
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2.3 Nodal Centre Laboratory: The radon/thoron calibration facility in EAD which
serves as a Principal Nodal Centre has been updated with an on-line measurement system
for the continuous measurement of the radon and thoron gases inside the chamber
designed to hold 36 dosimeters at a time. A condensation type aerosol generator system
has been installed in this facility to enhance decay product equilibrium factor (f). With
aerosols inside the chamber, f-factor upto 80 % can be achieved. A series of calibration
exercises were carried with this facility along with staff of various universities connected
with the ongoing CRP. The calibration factors obtained were 0.018 tr.cm2.d"'/Bq.m3 for
the bare mode and 0.019 tr.cm2.d''/Bq.m3 for the membrane cup mode exposure in the
case of 222Rn ; while these were 0.018 tr.cm2.d"1/Bq.m3 for the bare mode and 0.016
tr.cm2.d'' /Bq.m3 for the filter cup mode exposure in the case of 220Rn.

2.4 Monazite Survey Project (MSP): As a part of the Monazite Survey Project (MSP) at
Quilon, extensive dosimetric survey has been initiated in the high background areas of
Karunagapally Taluk in Kerala State. Presently, at Neendakara panchayat passive
radon/thoron dosimeter and environmental TLDs have been installed in 100 nouses.
Setting up of a dosimetric laboratory at the site is in progress.

2.5 GERMON related Instrumentation: The performance of all existing GERMON
stations was evaluated and certain modifications are being implemented for uninterrupted
operation of the systems. The modifications include provision for two air sampling
pumps at each site (one being kept as stand-by), un-interruptible power supply, etc. The
detector and pre-processor systems are modified so that they can be kept at desired
locations away from the main processing system. Data communication facility is being
incorporated in the main system.

A software system is developed using Visual Basic for interfacing a Personal Computer
with integrated GERMON system. Under this software, data from GERMON system is
transferred to a PC for further processing to provide graphical and tabular printouts. The
PC is connected to serial printer port of GERMON system to capture the data. The file
created for each day's printouts is automatically scanned to separate different data items
which are then added to a data base created under MS Access. The Graphical User
Interface of the system will guide the user through various facilities provided in the
system for graphical and tabular presentation of the data.

The integrated GERMON system also has the facility to monitor Radon and Thoron
daughter activity. The data obtained from various stations are in agreement with expected
diurnal and seasonal variations. This facility will provide countrywide on-line continuous
mapping of Radon when all proposed (25) stations are established.

3. LUMINESCENCE STUDIES AND APPLICATIONS

3.1 IRSL and OSL Studies: EAD participated in the DST sponsored project on
"Quaternary Statigraphy and Paleo-environmental History of Thar Desert as a part of
application of the TL and OSL techniques in dating purposes. 14 soil samples from Jaipur
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were dated using the OSL technique. From the analysis of ages of samples at various
depths, three distinct cycles of alternating accretion and non-accretion during the total
period of 10-70 ka (B.P.) were observed. They correlated well with other dunal records of
monsoon reconstruction in Thar. Inter-comparison of the dating procedures followed at
EAD and PRL was also carried out which involved the comparison of the performances
of an indigenously developed IRSL system at BARC with an imported IRSL at PRL. The
dose estimates by both the laboratories for two samples of Thar desert matched well.

Infra Red Stimulated Luminescence (IRSL) in feldspar is known to be centered around
350-450 nm band. The effect of different stimulating wavelengths such as 950 nm and
880 nm on the bleaching of IRSL signal and that on the emission of IRSL in different
narrow bands of wavelengths viz. 365nm, 400nm and 450 nm was studied to arrive at
dose estimates with different detection wavelengths. Experiments were carried out to
study the different components in the IRSL of naturally irradiated feldspar and the
bleached samples and the luminescence parameters like E, x and s. Two distinct
components could be existing in feldspar showing a marked difference in x under IR
stimulation, the slow component yielding higher dose estimations. In addition, feasibility
studies for surface dose mapping using IRSL dating techniques has been taken up. This
data can be useful in fallout Dosimetry or post accident environmental Dosimetry

3.2 Environmental radiation exposure: The work on compilation of data on exposure
rate at RAPS environs for the period 1988-1996, has been completed. Linear regression
analysis between mathematically estimated doses (based on stack releases evaluated from
fuel bum up, wind rose and meteorological considerations), and the TLD measured doses
was carried out for different locations around RAPS. This gave a good correlation
between the two values for distances within 1.6 km around the reactor and poor
correlation beyond this zone. The latter finding confirms the fact that the general
populations receive negligible doses, attributable to routine reactor releases.

Gaussian Plume Model estimates of quarterly gamma doses due to Ar-41 release from
CIRUS and DHRUVA stacks at Trombay using real time data on release rates and
meteorological parameters for 1994-1997 has been compared with concurrent TLD
measured doses at different locations in and around Trombay. Significant correlation is
found only for the locations within 1 km from the point of release in all seasons and
slightly beyond 1 km in the monsoon season.

3.3 Environmental Radiation Monitoring Using Mailed TLDs: The ongoing
environmental radiation monitoring survey around DAE facilities has been continued
during the year. This includes fabrication, mailing, retrieval, reading and analysis of
about 500 TLDs. This program is quite helpful not only for the short term assessment of
environments around DAE, but also for a long term analyses of trends as well as for
validating the dispersion models.
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4. TRACE CONSTITUENTS IN ENVIRONMENT

4.1 Intake of Heavy Metals by Infants through Milk: The daily intake of heavy metals
like Pb, Cd, Cu and Zn through milk and milk products by Mumbai children is studied by
analysing a variety of milk and milk products for the concentration of the respective
elements. The daily intakes of Pb and Cd, are in the range of 0.99-1.16 ug and 0.01-0.013
ug respectively per kg body weight and these are well below the tolerable intake limits of
3.57 ug, 0.8-1.0 ug per kg for the respective elements. The total daily intakes of Cu and Zn
are 0.22-0.46 mg and 2.5-5.0 mg, respectively and these may be compared with the
recommended dietary intakes of, 1-2 mg and 5-10 mg.

4.2 Uptake of Heavy metals by Sunflower plant: Adsorption characteristics of sunflower
have been studied for different metals like Pb, Cd, Cu, Zn, Fe, Sr and U. The effect of Ca
concentrations and pH (2.0 - 7.5) on the adsorption of these metals by sunflower have also
been studied.

4.3 Formaldehyde in Ambient air: Ground level ambient air Formaldehyde
concentration at BARC hospital, Anushaktinagar was monitored using 3MBTH wet
absorption colourimetric method. The 6 hour average day time concentration of the
samples collected during March, 1998 ranged from 7.3 to 28.2 ug/m^.

4.4 Estimation of Sulphur hexafluoride by GC- ECD: Sulphur hexafluoride is proposed
to be used as a tracer for experiments on validation of atmospheric dispersion models.
Consequently a Gaschromatographic method of estimation of trace levels of SF6 by
Electron capture detector is developed using Chemito GC with molecular sieve column.
Calibration of the ECD for SF6 has been completed using synthetic standards of SF6. As
low a concentration of 1.0 ppt (parts per trillion) of SF6 could be estimated by direct
injection of 1 ml of air samples.

4.5 Ionic Compositions of Air Particulates At Trombay : Air Particulate Samples
collected during March-April, 1998 at Trombay, have been analysed for anions like PO4,
F, Cl, NOa, Br, NO3 and SO4 to observe 2 hourly variation of anions in day time.
Concentration of nitrate varied from 0.6 (ig.m'3 to 20 ng.m'3. Concentration of sulphate
varied from 1.0 fig.m"3 to 40 jag.m'3.

4.6 Monitoring of Oxides of Nitrogen and ozone: The monitoring of NOX and Ozone
was carried out at Mod Labs sampling point on continuous basis to assess post monsoon
levels. The data is being accumulated using a Air Quality Data Processor which gives the
hourly average mean, maximum, minimum values. The concentrations of NOX and Ozone
values vary from 20 to 75 ppb (18 to 135 mg/m3) and 15 to 25 ppb (30 to 50 mg/m3)
during this period.

4.7 Volatile Organics in indoor samples: Indoor pollution due to volatile organic
compounds is studied at four different locations, namely, recently renovated central library,
smoker's room, laboratory and kitchen using kerosene stove. Samples were collected in
tedlar bags and anlysed for 8 target C6- C10 volatile hydrocarbons (hexane, heptane,
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benzene, toluene, ethyl benzene, o-xylene, p-xylene and decane) using gas chromatograph
with flame ionization detector. Simultaneous outdoor samples were also analysed for
effective comparison. Indoor to outdoor ratio (I/O) for all the compounds was calculated at
each location. Benzene in kitchen was found to vary from 13.7 ppbv to 52.0 ppbv with
mean concentration of 29.5 ppbv. Mean benzene concentration at kitchen was found to be
6 times and at smoker's room 3.5 times higher than outdoor environment. Toluene
concentrations in the library ranged between 16.4-26.3 ppbv with a mean of 21.6 ppbv, 4.5
times higher than outdoor concentration. The concentration of toluene in the kitchen
environment was found to be 3.5 times higher than outdoor environment. Thus, the indoor
concentration of VOC's could be higher than outdoor environment depending upon the
usage of a source.

4.8 Non methane hydrocarbons: Non methane hydrocarbons in auto exhausts of petrol
driven vehicles are studied to evaluate the ratios of selected hydrocarbons. Reduction of
Non methane hydrocarbons in auto exhaust samples on passing through catalysts is also
studied. Lowering of non methane hydrocarbons from auto exhaust samples when passed
through catalyst beds of FeMnOx, Pd/FeMnOx, and AI2O3, and PCI/AI2O3, is evaluated (at
room temperature). When FeMnOx catalyst was employed, highest reduction of about
100% was observed for C6 and above hydrocarbons, while for the C2-C5, the reduction
ranged from 60 to 100 %. The first two catalysts act like oxidants while lowering the
NMHC concentrations, whereas the last two catalysts behave like adsorbants for the same.
Another interesting observation is that saturation of catalyst occurred faster for FeMnOx

and Pd/FeMnOx than for A12O3 and Pd/Al2O3.

4.9 Organochlorine Pesticides: As a part of IAEA project on Distribution, fate and
effects of pesticides on marine environment, sediments and biota samples were collected
from east and west coast of India and analysed for the levels of organochlorine pesticides.
Results are being complied. The intercomparison sample received from IAEA (IAEA-383)
has been analysed for organochlorine pesticides and the data obtained from this laboratory
compared well with the mean from various laboratories.

4.10 PAH compounds: The Polycyclic Aromatic Hydrocarbons such as pyrene,
benzo(k)fluoranthene, benzo(a)pyrene, and benzo(g,h,i)perylene in water samples were
analysed as a part of an inter-laboratory comparison studies (MAPEP-98-W5). The results
agreed within 20- 30 % of the accepted range.

5. HEAVY METALS AND TOXICOLOGICAL STUDIES
Lead and Zinc were estimated in blood samples of 41 anemic children and the blood lead
levels ranged between 5-11 ug/dl. In another study, a total of 75 blood samples from Sion
and BARC hospitals were analysed for Pb, Fe, Zn, Ga, Mg and Cu. The toxic metal Cu
was in the range of 46-114 ug/dl. The samples from BARC hospital were analysed to
establish correlation of maternal blood and foetal outcomes. The correlation analysis is in
progress.



6. TRANS-THANE CREEK INTER-AGENCY PROJECT
An assessment of health and environmental risk from industries located in trans-Thane
creek industrial area, situated about 25 km north-east of Mumbai city, has been
completed. These environs have been studied with regard to air, water, sediments and
biota quality in respect of various physical and chemical parameters. The quality of
industrial effluent discharges has also been studied to establish proper correlation
between the observed ambient parametric properties and the industries. The data
collected during the years 1992-1994 for ambient air quality parameters, when compared
with data obtained by earlier investigators do not show any noteworthy increasing trend
over the years. In respect of liquid effluents quality some improvement has been
observed as compared to earlier years, but for some of the parameters the liquid effluent
concentrations exceeded the permissible limits. It is expected that with the setting up of
the central effluent treatment plant (CETP), the effluents discharged to the creek will
meet standards with respect to all parameters. The analysis of creek waters has reflected
the impact of effluents on the ambient creek water quality, especially with respect to
concentration of heavy metals. It is hoped that the central effluent treatment plant will
collect and treat effluents of a similar type rather than mixing different types of effluents
and facing a technological treatment efficiency difficulty. The detailed report on the
findings of the TTC project was presented and discussed at a largely attended meeting
organized by the Thane Belapur Industrial Association.

7. LEACHABILITY OF BERYLLIUM FROM REDMUD STABILIZED IN
CEMENT: Redmud waste from the Beryllium Processing Plant containing 0.8 %
beryllium classified as Hazardous by MOEF was stabilized using cement in proportions of
1:1, 1:2 and 1:4. The Toxicity Characteristic Leaching Procedure (TCLP) regulatory test
has also indicated the waste as hazardous whereas the cement stabilized waste passes the
TCLP test. The Dynamic Leach Test gave a total beryllium leach percent of 0.272 % for
1:1, 0.055 % for 1:2 and 0.164 % for 1:4 proportions over a 164 day period. The
concentration estimates have been carried out by Flame and Graphite Furnace AAS
facility. The average daily leach rate reaches a steady state condition for all the three
proportions. The diffusion coefficient of beryllium is 1.60 x 10"15 cm2.s'1 and 3.97x 10"17

cm s'1 for 1:4 and 1:2 proportions respectively as compared to the molecular diffusion
coefficient of 6.0 x 10*6 cm2.s"' indicating the effectiveness of cement as an acceptable
additive for stabilization.

8. EFFLUENT WATER QUALITY MANAGEMENT OF BARC EFFLUENTS:
Wastewater quality monitoring of the channels discharging effluents from various utilities
within BARC Trombay has been carried as required by Brihanmumbai Municipal
Corporation (BMC), in the matter concerning payment of levy charges. Nearly 35
discharge channels have been identified consisting of both effluent discharge channels and
storm water channels. Three surveys carried out during three seasons have been analyzed
for nearly 22 parameters of importance from the Central Pollution Control Board (CPCB)
list including anions and heavy metals. The results indicate that almost all the parameters
are within the limits specified by CPCB excepting radioactivity at PP nullah and UMP and
nitrates at UMP. Owing to the high levels of radio activity in PP nullah a study has been
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initiated to survey the entire stretch of PP nullah beginning from the source and water and
sediment samples have been collected from various points for assessment of gross a, gross
Q and a activity for specific radionuclides.

9. EPIDEMIOLOGICAL STUDIES: A survey program is initiated to include cancer
mortality studies among the (i) employees and (ii) families to study the health status of
populations living around UCIL. At present study (i) has been taken up which indicated
20 cancer deaths among the employees constituting a total database of 53, 359 PY for the
period between 1972-1997. Analysis indicates an Standardised Mortality Ratio (SMR) of
177 (95% CI:108, 274), crude rate of 37.5 xlO'5 per year and a Truncated Crude Death
Rate (TCDR) of 162.1 5 xlO'5 per year. However, death rates among the radiation
workers (14.2xlO5 y'1) appear to be lower than for non-radiation workers.

10. INTERNAL DOSIMETRY

10.1 In-Vivo Monitoring of Occupational Workers: The in-vivo-monitoring
laboratories located at BARC and BARC Hospital respectively carried out monitoring of
300 occupational workers for assessment of internal radioactive contamination due to
fission/activation products (137Cs, 13II, 58Co, ^Co) and actinides (239Pu/24lAjn, Nat. U,
232Th). In vivo assessments of fission/activation products were carried out in shadow
shield bed and shielded chair types of whole body counters and those of actinides with a
phoswich detector operating with pulse shape discrimination. None showed body
activities exceeding the derived recording levels which correspond to one-tenth of the
ICRP dose limit.

10.2 Biokinetics of Inhaled 125Sb Oxide Aerosols: Body radioactivity measurements
were carried out for a period of 1400 days post-intake on a group of seven workers who
accidentally inhaled Sb-oxide aerosols. The study indicated biological lung retention
half times in the range of 500-700 days for the nuclide. This radionuclide, which has a
characteristic half time of 180 days or less, is presently classified as type M, and the
present study indicates a need for its change of class to S i.e., considerably higher doses
to the lungs. In addition, this study suggests a reduction in the Annual Limit on Intake of
125Sb-oxide. The excretion data from the subjects has corroborated the results of whole
body counting measurements.

10.3 I3II Thyroid Monitor for Plant Environment: An attempt is made to develop a
simple, compact and sensitive thyroid l3lI monitor suitable for use in the plant
environment. A 2" x 2" Nal(Tl) scintillation detector has been optimized using a thyroid
neck phantom for calibration. The cylindrical surface of the detector is shielded with 3
mm thick Pb sheet which also serves as a collimator upto 2" outside the detector face. A
sensitivity of 0.6 cpm/Bq for l3lI with detector kept at a distance of 7.5 cm (3") from the
neck has been obtained using a source of l33Ba which emits main photon energy similar
to that of I31I. The MDA of I is found to be about 35 Bq for a counting time of 5 min
which is very low in comparison with its ALL
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10.4 41Ar Interference in Body Radioactivity Measurements: 4lAr released from
Dhruva & Cirus reactors disperses at times towards the whole body counting laboratory
located at Modular Laboratories and causes interference in measurements due to the
emission of its 1.29 MeV gamma rays. A standardized procedure for quantifying its
Compton contribution factors in various energy regions has been developed. Factors in
shadow shield bed were higher compared to shielded chair due to scattering through 90°
or more. The maximum concentration estimated in the laboratory was about 500 Bq m'3

leading to a dose rate of approximately 0.11

10.5 Internal Dose Evaluations due to Pu Intakes: ICRP has adopted a new model for
the human respiratory tract in 1994 (ICRP-68) wherein the default value of 5 urn AMAD
for aerosols in workplace has been adopted for evaluating dose coefficients (dose per unit
intake) for workers. A PC based computer software implementing the 1994 lung model
has been used for re-evaluation of committed effective doses (CEDs) to a few of the
selected cases of Pu intakes. Initially, the new software, LUDEP 2.0 (LUng Dose
Evaluation Program), was standardised by solving a few benchmark problems containing
the whole body counting and urine bioassay-data of some radionuclides. The re-
evaluation of internal dose for a case of acute Pu intake discovered through the lung
counting of 24lAm gave an estimate of CED less by about a factor of 4 than that obtained
from the 1CRP-54 methodology. Similarly, a re-evaluation of urinary excretion data of
another case of acute Pu intake, gave an intake value which was less by a factor of about
4 than the ICRP-54 estimate. The internal dose estimates turn out to be lower due to
lower depositions in the intrathoracic regions and lower activity reaching the blood,
particularly for S class Pu,.

10.6 Low Energy Photon Attenuation: Analysis of experimental data on the total linear
attenuation coefficients of three compositions of tissue differing in their fat contents for
low energy photons in the range 13-51 keV, was carried out. It is found that their
variations with photon energy for each of the three materials, are describable by two
distinct power functions with the validity ranges being (13-23keV) and (32-51 keV)
respectively. Therefore, in order to represent the variation of attenuation coefficients over
the full energy range (13-51 keV), a sum of two power functions was least squares fitted
to each of the three data sets pertaining to the three tissue compositions.

10.7 Thoron in Breath Measurements: An apparatus based on electrostatic method for
thoron in breath measurements (TIBM) has been standardised for the purpose of routine
measurements of internally incorporated 232Th/228Th in the occupational workers of
thorium industries. The performance of the apparatus was optimised with respect to its
collection efficiency of the positively charged ions of thoron daughters (Th A & ThB).
The calibration of the apparatus was carried out using the known thoron gas output from
a thoron calibration chamber containing Th(NC>3) 4. The apparatus could measure as low
as 0.013 Bq of freely emanating 224Ra equivalent at the mouth with 5% error.

10.8 Monte Carlo Photon Transport Studies: Monte Carlo photon transport techniques
have been applied to study the response of a phoswich detector to various source
distributions of actinides in lungs / liver of several scaled down CRISTY'S mathematical
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phantoms. In particular, pulse height spectra for the phoswich detector, located centrally
over the chest, have been generated for uniformly distributed sources of 239Pu and 241Am
in the lungs of scaled down phantoms representing smaller body builds with weight to
height ratio ranging between 70 Kg/174 cm and 56 Kg / 139 cm corresponding to the
scaling factors of 1 and 0.8 respectively. The computational results showed that the
calibration factors for 239Pu in lungs varied from 0.64 cpm/KBq to 2.8 cpm/KBq for the
two above mentioned scaling factors with no change in the peak positions of 18.5 keV
for both the cases. In contrast, a small increase in the calibration factor from 1.3 x 103 to
2.3 x 103 cpm/KBq along with a small upward shift in peak position from 55.5 keV to
56.5 keV was noted for24f Am (E = 59.6 keV).

10.9 Whole Body Counter at Kaiga: A shadow-shield whole body radioactivity monitor
was commissioned at the Environmental Radiological Laboratory, Kaiga for the
monitoring of internal radioactive contamination of workers of the Kaiga NPP, The
monitor is presently being used to collect the baseline data on workers.

11. IAEA PROJECTS

11.1 IAEA-UNDP, RCA Project: Preliminary work relating to site selection,
procurement of equipment and filters etc, monitoring and analysis protocols on the IAEA,
UNDP and RCA project entitled Air Pollution and Trends has been completed and the
sampling program which will be twice a week has been initiated in tandem with gaseous
pollutant parameters for possible use in health related epidemiology. Emphasis is on
nuclear analysis method supported by other analytical techniques.

11.2 IAEA - CRP: As a part of IAEA Co-ordinated Research Programme (CRP) on
'International Intercomparison of Lung Counting Techniques for Actinides ( Pu, Am,
Nat & 3% Enriched U and 232Th) using a Reference Asian Phantom', measurements
were carried out on the Reference Asian Phantom with a variety of detection systems at
BARC. The results revealed that low fat contents in the range of 10-30% in the chest
wall do not affect the calibration factors for Pu lung counting and hence, for the lung
counting of other actinides (241 Am, Nat.& En.U) as well. The lung counting efficiencies
for 24lAm from the Reference Asian Phantom were found to be similar to those obtained
from the LLNL phantom representing a Caucasian Man, indicating that the Caucasian
and Asian phantoms constructed on the basis of different physiques, yield similar
calibration factors for actinide lung counters using phoswich detectors of large areas.

12. INSTRUMENTATION AND SERVICES

12.1 Fabrication of Ozone generators: Ozone generators based on silent electrical
discharge were fabricated and supplied to School of Environmental Sciences, Jawaharlal
Nehru University, New Delhi on payment. Another unit is being used by Chemistry Divi-
sion, BARC, for their R&D work.

165



12.2 Nitrogen Dioxide permeatiqn Vials preparation: A system has been developed to
prepare the standard gas source in permeation vials for enabling calibration of the Nitric
oxide pollution monitors. These vials were also supplied to Chemistry Division, BARC for
their study.

12.3 Measurement of Ozone produced by a commercial Ozoniser: A commercial
ozoniser was characterised for its ozone emission using the ambient ozone monitor,
developed indigenously in the division, based on chemiluminescent reaction of ozone with
Ethylene. The ozoniser was placed at a height of 2 m in a well ventilated AC room (Size
6m x 3m x 3m) in the Mod. Labs with occupancy of two persons. The main aim of the
study was to establish the equilibrium concentration of ozone in the room and its effect on
bacteria counts in the room. The monitoring of ozone was carried out at a distance of 2 m
away from the ozoniser and bacteria monitoring was also carried out simultaneously using
Dynastat sampler. Results indicate that the ozoniser unit produces around 5.1 ppm (10 mg/
m ) ozone on top of the unit and maintains a concentration of around 0.01 ppm(20ugm/m )
in the room air which can effectively inactivate the bacteria after 2 hrs.

12.4 Repair services for HPGe: A facility has been established to rectify defective
HPGe / Si(Li) detectors from various Divisions of BARC, DAE units and outside
institutions. As of now, two defective HPGe detectors were reactivated and installed after
correcting faulty electronic circuits.

13. MAN POWER TRAINING & DEVELOPMENT

A Workshop on chemical characterization of atmospheric aerosols by instrumental
methods of analysis was conducted at BARC for about thirty participants from different
National Laboratories and research organizations.

Six students of M.Sc. (Env. Chemistry) of S.V. University, Tirupati have been imparted
practical training on pollution monitoring techniques for two weeks.

As part of the MoU signed with Mysore University, a series of lectures on Environmental
Science were delivered for the students of M.Sc. Environmental Science faculty.

Three students from Vidyavardhini's College of Engineering & Technology, Vasai,
completed the project work on "Printer Multiplexer and Data Communication Equipment
for GERMON Station".

Three students from Tema Engineering College, Nerul, completed the project work on
"Continuous Monitor for Radon Daughters".

A student from Mangalore University completed his M.Sc. dissertation work on
"Personal Computer Interface for GERMON Station".
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14. RADIOACTIVITY CERTIFICATION: About 1200 samples from Import/Export
consignments were analysed for man made radioactive contamination and relevant
certificates were issued. The Division earned a revenue of about Rs 20. Lakh from
radioactivity certification and other analytical services rendered to outside agencies.
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FIRE SERVICES SECTION

Major Achievements

Fire Services Section, Chemical Engineering Division,

Chemical Engineering ana 'jJechnolo^y Croup, BARC, with support from

3HNS conducted one-day conference on fire safety and mutual aid

meeting of Trcmbpy-Chenbur Industrial !?elt at Multipurpose Kail,

Training School Hostel, Anushokti Nagar, on Sept. 24, 1998.

Ab"ut Mutucl Aid

The Cheebur-Trombsy industrial belt i s having oil re f i -
neries, chemical me! petroobe^ierl complexes, fer t i l izer , power
nereration and nuclear f acili t •' complex end other allied, «rr»£il 1
or>fl medium ecale industries in addition to residential areas. These
industries supply energy, fuel and other raw materials to nation.
Because r l l these industries operfltin.. in thjs belt are of vi ted
imprrtance in the development of the nation, any serious disruption
of ?roup of industries in this belt will have serious repercuesicns
on industrial life of the nation. In view of thjs we need to have
special planning to protect this industriel belt from any kind of
ener.tency. To achieve this , it is? very xfc important to have mutual
aid scheme to help each ether in case of any grave emergency. This
will help to control hazards to human life and environment. With
thi3 in mind the mutual aid scheme was formulated way back in 1970
with all major industries in Tr embay-Che mbur industrial belt as
members with support from Mumbai Fire Brigade. Meetings of this
mutual aid members are frequently organised in the premises of
mutual aid members to discuss various problems as regards preperd-
ness to handle emergencies, exchange of information about advance-
ment in the field of fire fighting, fire protection e tc . Mutual
aid members have successfully extended help to each other to handle
emergency situations in the past. In future also similar type of
help is expected .
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- 2 -

Dr.!f.B.E&jpai, Chaired, trranigins Committee end Head
Chemical Engineering Divirion gave introductory address and welccmed
all the dignitaries ad mutual aid members.

Shri A.A.Rtdchur, Chief Manager, Fire and Safety, HPCL
presented activities undertaken by mutual aid scheme in Trccabay-Chenbur
industrial bel t .

Shri B.K.Basin, Director, Health, Safety, Environment,
Public Awareness and Cperriion, UPC presided over the function. In
his address he highlighted velurble needs cf mutual aid scheme,
latest developments in fire end safety, advanced science in fire
safety and elso stressed on mock dri l ls and getting familiarisation
of each other locations.

Shri B. Bhattacharjee, Director Chemical Engineering and
Technology Group, BAEC, inaugurated the conference by lighting a lump
of Lordese Saraswathi and delivered a epeech on key issues of fire
safety and ffluiecenent of fire services. He also informed that power
stations are designed for earth-quake/area plane fall situations etc,

Shri /•£• Tandle, Chief Fire Officer and Secretory, Orga-
nising Committee proposed vote of thanke to all the dignitaries pre-
sent during the coifercnce.

The following topics were covered in the conferences
- Industrial safety approach in nuclear power stations - "by fiX.Eapoor
- Pire service nanagement of multi-disciplinary research institute -

3ARC; presented by A.K. Ton die,
- l i re hazard analysis - lecture conducted by Shri A.P.Subraraoniim,

KPC.
- Topic of fire hazard modelling wae covered by Shri K.C. Jofcneon,

UPC.
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FOOD IRRADIATOR PROJECT
4

Major Achievements

Status on demonstration facility for food irradiation viz. "POTON
Irradiator" for potatoes and onions.

Collaborators : Shri S.K Kelkar, S.P.Shastri, K.B Patil, A.H. Salunkhe, & office staff of
FIP + experts from DRHR, CED, TSD, RSSD of BARC & BRIT of DAE.

The ministry of health & family welfare, govt of India have cleared radiation
processing of potatoes, onions, spices & nine more items. To initiate the practical
application of this technology for demonstration purpose on commercial scale BARC is
undertaking the design & construction of a demonstration food irradiation facility viz.
•'POTON Irradiator for potatoes & onions" at Kotamgaon/Lasalgaon in Niphad Taluka of
Nashik district under DC five year plan. Govt. has accorded financial sanction of Rs.700
Lakhs for completing this project, when project report & preliminary safety design report
for the plant approved by AERB along with site for its location was submitted to DAE in
the end of 1997. The facility is expected to be operational by end of 2000. It is estimated
that approximately 20% losses in onions ate due to sprouting (worth Rs.500/- Lakhs per
annum) could be saved using this facility. This facility could also be used for radiation
processing of other food products viz. ginger, shallots, wheat products such as Atta.
Maida, Sooji, Basmati rice, dry fruiis (Viz. raisins, figs and dried dates, meat and meat
products including chicken which has been approved by Ministry of health & family
welfare for internal consumption and export, irradiation of diesc products wilJ help the
facility to be kept operational for 10% plant utilisation enhancing the profits of radiation
processing.

Practical demonstration of the food Irradiation processing on commercial scale
using this plant could be shown to fanners, traders, co-operatives, marketing personnel &
public at large. One of the aims of fabricating such an irradiator facility is to finalise the
design of site independent components Viz. product handling system, source type and
source drive mechanism, labyrinth configuration etc. so that for construction of any new
facility in future, only site dependent features need to be worked out.

Revised preliminary design safety report of the facility with sketches and the text
as per suggestions "of the design safety committee for irradiators of AERB was submitted
to-SARCAR committee of AERB for final approval of design safety report of the plant
and clearance from them to start the civil construction at site for cell area building.
SARCAR committee of AERB on reading these provided details on 10-12-98 at its
meeting held at niyamak Bhavan Anushakti Nagar, Mumbai-400094 approved the same
and as a result, entire civil construction work of the plant building has commenced with
full swing at site. I
3. Two project reports and preliminary design safety reports of the plant written and
compiled by the undersigned have been sold to 2 private entrepreneurs at a cost of
Rs. 10,000 each as per suggestions of Technology transfer & Co-ordination Dn.of BARC
in the reporting year.
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4. Hon. Minister incharge, Agricultural marketing, Govt. of West Bengal,& his
secretary on visit to BARC were also given a project report copy of the above plant to
study the details & then West Bengal Govt. can take a decision of installing similar plants
in their state.

5. Three copies of Project Reports & preliminary design safety Reports of this plant
were requested by PM's office and cabinet secretary of the Govt. for studying the details
& then taking a decision of installing some couple of plants in diferent partsb of the
country via. various departments of the govt. viz. Food processing, Industry, Commerce,
Agriculture besides co-operatives etc. on commercial scale.
6. __. A static model of the plant showing the inlet & outlet conveyers, labyrinth cell
area, source pool and product boxes put in the cell area and Labyrinth showing its
position and other details has been designed, fabricated and installed at FIPLY exhibition

-area -after the visit of Prime minister to BARC. the model displayed is very educative and
interesting to visitors who can visualise the plant, how it will look like and how it could
be used.The work has been completed by DRHR personnel.

7. Land acquisition work for entire project has been completed as per revenue
officials of Maharashtra Govt. 7/12 Utara & Sketch of the plot with boundaries and area
measured and given by land records dept. of Maharashtra Govt. has been procured by
FIP. Approval of plant location from Town Planning dept. of Maharashtra govt. has to be
obtained and steps are being taken by us with the help of A & CED of BARC to expedite
the matter. Also the plant has to comply with the regulations of the Industrial act.

8. A vehicle for the project has been procured with DAE's approval at a cost of Rs.4
lakhs.

9. Telephon with STD facility is installed (S 02550-66276) at Lasalgaon project site,
(after paying Rs. 15,000 deposit) is being extensively used by BARC staff for plant work.

10. Electric supply ( 20 KW ) for construction use is provided by MSEB after paying
Rs.52,000 as deposit by BARC.

11. Architectural section has prepared detailed drawings of cell area, plant layout,
temporary site office etc. and CED has finalised structural drawings for the same.

12. Work order has been issued to M/S Deepsons of Nashik for the first phase of the
project work for Rs.53 Lakhs which includes temporary site office, fencing of the entire
pTor area, bore wells, work up to plinth area of the main building. 45 footings have
already been cast under the supervision of A & CE divn.

13. Tenders are invited for super structure and substation for estimated cost of Rs. 110
lakhs on 18-12-98 to be opened on 4-1-9,9 and work order is expected to be issued by
first week of March '99.

174



14. Work order has been issued by TSD to M/S Bhagyashri Electricals, Nashik for
electrification of site office at Lasalgaon for Rs.1.66 lacs and tender is invited for
electrification of main building of the plant at an estimated cost of Rs.13 Lakhs. Eps for
ventiilation duct arc fabricated & transported to site at Lasalgapn.

15. DRHR, BARC has finalised drawings related to Material Handling System
including Source handling system and indents are raised worth Rs.85 Lakhs for procuring
related components. Pool grid is already delivered at site.

16. Arrangement for accommodation, gf §AR£ s^ff gf .Lj§8lgB8n il8§ to finalised
at Hotel Harshad and advance of Rs. 18,000 is paid towards it.

17. In view of the requirement of staff for running the plant expected to be completed
by year 2000, a list of 31 personnel has been prepared and sent to DAE for approval and
after getting the approval the BARC recruitment section will do the needful.

18. Dr. P.K. Lai of DRHR, BARC has simulated the operation of POTON Irradiator
on computer, which will be beneficial for understanding the principle of operation both
for the operators and public at large after it is transferred on a video tape.

19. Security arrangement at site in Lasalgaon is finalised and M/S Garuda Security
Services has been appointed to look after the security of BARC property including land
from 1-1-99. The agency is asked to provide 4 security watchmen for this purpose to
work in round the clock shift.

20. For convenience of the BARC staff working at site,'furniture as well as cupbords
and other items such as water cooler, fax machine, water purifier, refrigerators has been
procured and ready for shifting to site as soon as site office is ready.

Projections of work up to March 1999

1. It is expected that work order for 2nd phase of civil works costing Rs.l 10 lakhs
involving construction of Super structure of the facility will be issued so that
thecontractor will start the work in April 1999.
2. MSEB will be paid deposit money for laying 11 KV cable to the site. Completion
of formalities for the same has been initiated by TSD, BARC.
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FOOD TECHNOLOGY DIVISION

Major Achievements

L Radiation Processing of Foods

More agricultural and horticultural commodities, fish varieties, meat products, cereals, pulses, and

their products were tested for their amenability to radiation preservation.

Fruits and vegetables: Irradiation of garlic in the dose range of 0.25 - 0.7S kGy was found to improve the

storage life of garlic bulbs at the ambient temperature (26± 3° C, RH 75± 3°C). The irradiated bulbs showed

better texture and aroma retention. Weight loss in irradiated stored commodity was minimum at 0.5 kGy

dose. Minimally processed capsicum, in the form of rings, and shredded carrots, were found to show

enhancement in shelf-life besides better microbiological quality. The irradiated (2-3 kGy) vegetables could be

stored up to 5 weeks as against non-irradiated controls which lasted only 2 weeks under refrigeration (5-

10°C). Though the texture of the vegetables softened with storage, other parameters such as ascorbic acid,

carotenoid and cMorophyi content did not change appreciably in the irradiated vegetables. Raw green mature

papaya irradiated (0.75 kGy), and given combination treatment (0.75 and 50 C for /10 nun) were analysed

for shelf-life and other biochemical parameters. Preliminary studies indicated an enhancement of shelf-life in

combination treated fruits by 4-5 days. Cashew nuts irradiated at a dose of 1 kGy did not show any

change in qualitative or quantitative lipid profile.

Cereals, poises and their products: Rice of variety parimal and masuri was irradiated to disinfestation

dose (0.25-1.0 kGy) and the cooking quality was assessed. The cooking quality and stickyness of the cooked

rice were not found to be affected by irradiation process. Irradiated rice and urid dal were found to ferment

normally but idlies made from a batter of irradiated rice and urid dal were found to receive lower

acceptability scores. Studies on irradiated and germinated horse gram and rajtnah showed considerable

reduction in the oligosacharides responsible for flatulence. The oh'gosaccharide content of these pulses was

lower than that of non-irradiated pulses. Vitamin C content of irradiated germinated mung bean, Bengal

gram, horse gram and horse beans was found to be no different from the germinated non-irradiated samples

of above legumes. Irradiated (0.25-1.0 kGy) besan samples stored at ambient temperature for 3 months did

not show any significant changes in colour index, fermentation volume and over all acceptability. However,

an increase in free fatty acid content was found in the irradiated besan compared to that in non-irradiated

samples. Dhokla prepared out of irradiated and up to 6 month stored besan was found to be acceptable in

sensory trials.
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Fish and fish products: The total volatile basic nitrogen (TVBN), total volatile acids (TVA) and

thiobarbituric acid (TBA) measures of quality indices offish and fish products was found to be low in seer

steaks that were salted and irradiated (1 kGy). Also salting improved texture, drip formation and extended

shelf-life. The steaks were salted and packed in polyethylene bags before irradiation and stored under

melting ice conditions. Four species of dried fresh water fishes from Assam treated to a gamma irradiation

dose of 5.0 kGy and stored at the ambient temperature were found to be free from bacteria and mould

counts during a 6 months storage study. A process has been developed for the preparation of reconstituted

steaks from gels of shark meat.

Meat products: Intermediate moisture (IM) spiced chicken meat cubes vacuum packed in multilayered

flexible pouches were irradiated at 10 kGy and stored at ambient temperature (30 ± 2°C) for 4 months. Non-

irradiated samples had a high bacterial count and showed the presence ofStaphyloccus and mold growth.

No viable growth was detected in irradiated samples on any of the media tested. Microbiological quality

studies during storage of IM buffalo and lamb meat cubes vacuum packed in metallised flexible pouches

received from CFTRI Mysore and subjected to gamma irradiation (2.S-10 kGy), were also carried out. The

samples of IM buffalo meat and IM lamb meat were analysed periodically for microbiological quality* after

storage at ambient temperature. Samples irradiated at 10 kGy and stored up to 11 months did not show the

presence of any viable microorganism. Ready to serve grilled chicken kababs were found to be acceptable up

to 24 weeks of storage after irradiation (10 kGy) at ambient temperature. The samples were found to be free

from microbia! load.

Spices. Major colour components of turmeric viz. curcumin, demethoxy curcumin, and bis-demcthoxy

curcumin were studied in irradiated (10 kGy) and non-irradiated control samples. No qualitative or

quantitative differences were observed in these components from the treated and untreated samples. Both

irradiated and non-irradiated samples showed similar antioxidant properties. A new component was detected

in tender curcumin. The colourless aromatic oil extracted from Trifal (Zanthaxylum rhetsa) with its pericarp

was found to have antimicrobial activity. Similarly, gtngerol isomers from ginger found to be inhibitory to B.

cereus and S. aureus. A new fluorescence method for estimation of gingerol in ginger was developed, the

results were in good agreement with the standard TLC-denshoroetric method.

Milk products: Colostrum, the first milk secreted post-parturition, is a good source ofnutrients and is rich

in immunoglobulins which confer passive immunity. However, it is normally contaminated with pathogens. A

dose of 3 kGy was found to eliminate conforms and 10 kGy resulted in sterilisation of the samples. Samples

packed under nitrogen and irradiated showed small changes in lipid profile compared to the samples packed

in air.
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DL Detection of Irradiated Foods

A number of techniques were evaluated for their potential use in the detection of irradiated foods.

Studies were carried out on irradiated chicken for its detection by using ESR technique. It was

found that bone tissue in irradiated chicken provided the required signal for its detection. Hind leg bone was

found to provide better signal intensity than other bones in chicken. Similarly, iamb bone was a good source

of ESR signals for the detection of irradiated lamb meat. The ESR signal was found to remain unaffected by

treatments such as autoclaving, and microwave heating. The intensity of ESR signal was found to be

dependent on age, type of bone, and radiation dose.

A simple bacterial turbidimetric method was found to be useful in quick and cheap detection of

irradiated mushroom, fish, lamb meat and chicken. The residual microflora in these commodities was utilised

to develop turbidity in a suitable medium. The differences in turbidity developed from irradiated and non-

irradiated commodity were quite pronounced so as to allow both turbidimetric and visual detection. The

method was suitably modified for the detection of dry commodities such as spices. Drop in the viscosity of

the suspension of irradiated spice samples was also studied as a possible method for detection of irradiation

treatment of spices.

For detection of irradiated potato a method based on K ion gradient has been developed. Potato

irradiated to a sprout inhibition dose of 0.1 kGy after one month of storage at 15 C showed 3.5 fold higher

level of K+ ions

Food Science

Studies were continued on the ongoing projects in the area of xanthan production, mycotoxin

control, proteinase production, and utilization of animal and fish waste.

Xanthan gum: Dehydrated reconstituted fermentation broth (DRFB) of xanthan gum was subjected to high

pressure treatment of 1-8 kbars for a period of 10 min. A 10% decrease in viscosity was observed in the case

of dry xanthan gum at 8 kbars in both high shear and low shear range. However, high pressure had no effect

on the viscosity of xanthan gum in solution. The xanthan producing bacterium, X.c. pvgtycines, was studied

in detail for hs anomalous growth in protein rich and starch media. Pathogerricity, protease, amyiase, and

plasawt mutants of this organism have been obtained and are being studied further.
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AfUtoxin: Inactivation of aflatoxin using combination of ammonia and hydrogen peroxide was studied. A
*

synergistic effect of the two aflatoxin detoxifying agents was observed. This allowed use of lower

concentration of each compound, which may be useful in reducing nutritional damage to commodities while

carrying out detoxification. An intercomparison of minicotumn-fluorotoxin meter method and

radioimmunoassy for the estimation of aflatoxin in the various food samples has been undertaken with the

Isotope Division.

Chicken and fish waste utilisation: A method has been standardized to produce protein hydrorysate from

fish and chicken waste using endogenous rysosomal enzymes. For this purpose a homogenate (20%)

prepared from fish and chicken waste was irradiated at 20 kGy and was allowed to autolyse at ambient

temperature. Irradiation while inactivating microbes did not affect the activity of lysosomal enzymes that

could catalyse hydrolysis of the proteins at ambient temperature. A method for the preparation of

carotenoproteins from shrimp waste was also standardised. An aspartyi protease was purified from chicken

intestinal tissue and characterised. It was found to have a molecular weight of 36 kDa and a pH and

temperature optima of 2.5 and 60 C. Jawala prawn (Acetus inJtcus) was found to possess a high alkaline

proteinase activity. The activity could be resolved in to two main components using sepharose 6B

chromatography. The inhibitor studies indicated that both the enzymes are serine proteinases. A method to

form a stable product from Bombay duck was also standardized.

IV. Approval for additional food itenu

The Ministry of Health & Family Welfare, Government of India, through a gazette notification dated April 6,

1998, have approved irradiation of rice, semolina (sooji or rawa), wheat atta, maida, mango, raisins, figs,

dried dates, ginger, garlic, shallots (small onions), meat products, and chicken for internal consumption. Also

Central Committee for Food Standards, Ministry of Health & Family Welfare, have given clearance for the

use of gamma radiation for preservation of seafoods, pulses and pulse products, on the basis of an

application along with technical data, submitted by the Food Technology Division
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FUEL CHEMISTRY DIVISION

Major Achievements

SOL-GEL PROCESS FOR NUCLEAR FUEL MATERIALS

Work was continued on the commissioning/operation of computer controlled Sol-gel

plant. Several batches of uranium oxide microspheres were made in auto-mode starting from

feed dispersion to gel particle drying. The overhead tanks for uranyl nitrate and hexa-urea

solutions were calibrated against volume of respective liquids with pressure which is sensed by

the computer for discharging desired amount of liquid in the feed tank. Fabrication and

installation of an Auto-feeder unit for Rotary Reduction Assembly was completed which would be

used for feeding UjOg microspheres into the rotary reduction assembly for converting them to

UO2 microspheres.

Mixed uranium-plutonium oxide microspheres containing 3 mole percent plutonium,

suitable for Sol-gel microsphere pelletization, were prepared after suitable modifications in the

gelation assembly for better control and easy measurement of temperature, monitoring of

ammonia washing etc. About 900 g of mixed (U.PuJCb microspheres was obtained in several

batches which was handed over to Radio Metallurgy Division for reduction and pelletization.

Sol-gel method is also being used for the preparation of thoria and thoria-urania

microspheres from ammonia denitrated thorium nitrate solution.

Fabrication of Process Equipment for Sol-Gel Facility at AFFF, Tarapur is being carried

out. Installation job on site was supervised to ensure conformance to the tender specifications,

and on-site safety requirements. A fabrication order to procure rotary reduction furnace similar

to the one procured for MOX assembly in special glove box has been tendered out for fabrication.

The reduction furnace is being procured for installation in walk-in fume hood assembly and is

being set up for the preparation of UO2 microspheres. Modifications with respect to feeding and

product-collecting accessories are incorporated in this unit.

SOL-GEL PROCESS FOR NON-NUCLEAR APPLICATION

Gel ignition technique is becoming increasingly popular as an economic method for

obtaining ultrail ne ceramic powders of high quality. The feasibility of preparation of lead

zirconate titanate microspheres was investigated by Gel ignition technique.

Sol-gel process is being used to prepare synthetic zeolite on alumina matrix, good

quality ammonium molybdo phosphate trapped alumina spheres using Gel Entrapment technique

and zeolite-alumina composite.

Sol-gel technique has been used to prepare pellets of BhCb-BeO to be used for

rechargeable neutron source. Homogeneous mixture of BizCk and BeO in the form of cylindrical

pellet of ~lcc volume were irradiated to give neutron yield of ~ 5000 n/sec/cc.
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SOLUTION CHEMISTRY OF ACTINIDES

Synergistic extraction studies of UCV* with HTTA and bifunctional donors DHDECMP

and CMPO were carried out in the temperature range of 288 to 318 K. The order of log K, and

thermodynamic parameters for both the systems suggest that the birunctional donors act as

monofunctional similar to U0227monofunctional donor system where the reaction is of

substitution of water molecules.

In continuation with the Aqueous bi-phasic Extraction (ABS) of actinides Pu(VI),

Pu(IV) and Am(III), extraction of U(VI) using PEG-2000/ (NH)2SC>4 (40% w/w) with 18-crown-

6 was carried out at various temperatures. The species extracted was identified as [UO2.(18-C-

6)]SO<. The distribution ratios were found to follow the order, U(VI) > Pu(VI) > Pu(IV) >

Am(III) whereas the equilibrium constants (K) followed the order, U(V1) > Pu(IV) > Pu(VI) >

Am(lII). The thermodynamic parameters showed the reaction to be favoured mainly by decrease

in enthalpy (AH) indicating direct bonding of crown ether molecule to the central metal ion

forming an inner sphere complex.

Work was initiated on the synthesis of substituted pyrazolones in collaboration

with Bio-organic Division. Caproyl derivative i.e. 1-phenyl 3-methyl 4-caproyl pyrazolone-

5(HPMCyP) was synthesized and characterized by determination of melting point, IR and

NMR spectra. Preliminary work of extraction of Pu(IV), Pu(Vl) and Am(HI) from nitric acid

medium was carried out.

Extraction data of Pu(IIl) by TBP at 50°C under Purex process conditions showed very

less extraction of Pu(lII), even at higher temperature. Studies on the extraction of Am(III) from

nitric acid using saponfied organophosphorous extractants, showed poor extraction of Am(IIl) in

the presence of calcium and iron.

Studies were initiated on the ion exchange behaviour of hydrous titanium oxide.

Distribution ratio of Pu(IV) and Am(III) were obtained with TiCfc microspheres and powder form

of the material obtained commercially. Microspheres heated upto 373 K and the powder form

had higher distribution ratio for Am(III). The distribution ratio for the microspheres decreased

with the temperature at which it was treated. Anion exchange capacities of alumina microspheres

was determined by acid base titration and the capacities obtained are 0.22 meq/g and 0.85 meq/g

respectively for alumina microspheres heated to 1273 K and 673 K.

Ion-exchange studies of Pu(IV) using Macroporous Bifunctional Phosphinic Acid Resin

(MPBPA) was initiated to know the effect of the resin weight, variation of holding oxidant

vanadium, effect of vanadium in absence of nitrite and variation of nitric acid on the

distribution ratio T>' of Pu(IV). T)1 values of Pu(IV) increases with increase in the weight of the

resin upto 200 mg of resin weight and then remains constant with further increase in weight.

Work on the chemistry of technetium in the Purex process was initiated in collaboration

with FRD. The results suggested that Tc gets extracted into TBP from nitric acid solutions. The

Tc extraction into TBP was found to decrease with increasing aqueous nitric acid concentration

and does not get much affected by the presence of uranium in the feed The extraction was found

to increase to the 3rd power with the increase in TBP concentration.

Ion exchange membrane studies are being carried out to investigate the exchange of di

and tri valent cations with hydrogen ions through cation exchange membrane. It was observed
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that the time taken to exchange 50% of cations to other compartment is same as the time taken

by monovalent ions (150 h). Studies are underway to decrease the acidity of actinide solutions to

required acidity without increasing volume.

Preliminary experiments on the determination of distribution ratios for the sorption of

Th(IV), Pu(IV) and U(V1) carried out using an anion exchange resin Dowex 1x4, indicated that

distribution ratios for sorption of U(V1) on this regenerated resin were less than half as compared

to distribution ratios for sorption of U(VI) on the fresh resin. However, distribution ratios for

Th(IV) and Pu(I V) were same for both fresh and regenerated resin.

"Mo undergoes p-decay to form the radioisolope ""Tc, which has potential applications

in medical field. The solution containing "Mo (1 mg/ml) having sp. activity of 2.00 p.Ci/mJ was

passed through columns containing heat treated alumina gel spheres prepared by Sol gel route.

Studies indicated that the 700°C heated alumina spheres (gamma phase) were well suited for the

separation, eluting more than 90% of Mo in 1.0 M NH*OH.

The anion and cation exchange capacities of titania microspheres were determined by

titrating with acid and alkali. H* exchange capacity of zeolite incorporated in alumina

microspheres was determined by titration against nitric acid The capacity was found to be 0.21

milli equivalent / g.

Work on removal of Am and Pu from large volumes of aqueous waste to bring down

the alpha activity level to disposable limit was continued.

ANALYTICAL TECHNIQUES

A passive Gamma Scanner has been designed, fabricated and set up in the Division for

the estimation of Pu in both high and low Z matrices. The system is designed to assay the Pu in

the range of 20 mg to 10 gm in the matrix in the container.

Efforts have been initiated to determine the variation in neutron flux in PHWRs by

studying the MC to 12C ratios in the zircalloy, using on line quadrupole mass spectrometer.

Analysis on one coolant channel showed that the 14C was maximum at ends and minimum at the

centre showing the variation of the neutron flux.

With a view to eliminating the relative sensitivity coefficient (RSC) required for the

quantification of results, efforts were initiated to develop ID-SSMS method for B determination

at ppm level in Al. With an objective to develop spectrophotometric method for the

determination of Boron (B) in aluminium clad samples, studies were carried out to standardise

the parameters for the extraction of B from Al using 2-ETHYL 1,3-HEXANE DIOL (EHD) as an

extractant and measuring absorbance at 550 nm. A calibration curve was obtained in the range of

500 ng to 5 jig. A few Al-Si alloys with less than 10 ppm of boron were analysed for boron

content. To meet the regular requirement of determining B concentration in heavy water

moderator samples from PHWRs using mass spectrometry, fresh solutions of 10B spike and

natural B standards were prepared by dissolving SRM-952 solid boric acid containing enriched
10B.

Studies for separation and determination of lanthanides by HPLC were carried out using

isocratic elution mode with a reversed phase column and gave poor resolution. To overcome this

limitation, a quarternary gradient elution accessory was procured and has been installed. Further

work with (oc- HIBA) i.e. 2-hydroxy-2-methyl propionic acid and oxalic acid in the gradient
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elution mode is planned.

With a view to evaluating the performance of Laser induced fluorescence system to be

procured from CAT, Indore for determining trace levels of actinides and lanthanides, standard

solutions of Uranium and Samarium covering a wide range of concentrations were prepared in

the concentration range of 1 ng to 10 (ig. These standard solutions will be used at CAT for

preparing calibration curves for the LIF system and determining the detection limit.

The parameters had been standardised to determine Cd up to 3 ng/g range with ± 20%

RSD by Anode Stripping Voltammetry and determination of Cd in UjOg Matrix by Differential

Pulse ASV. The voltammograms were recorded from -0.8 V to 0.0 V in 0.001 M supra pure

HNQ3 at HMDE. Pure Cd could be analysed upto 200 pg/g by changing the scan rate to 20 mV/s

from 5mV/s and increasing the pulse height to 100 mV in 0.001 M HNO3 for the deposition time

of 10 minutes. Further work to find the RSD in the pg/g range is in progress.

A Ratio-Derivative Spectrophotometric Method is used for the determination of

uranium and thorium. The derivative absorbance measured at 630 nm were plotted against

uranium concentration to get a calibration graph for uranium. Calibration graph for thorium (1 to

S ppm) was established in an analogous manner by measuring the analytical signal at 670 nm. A

number of mixed aliquots of uranium and thorium were prepared (U cone : 4-15 (j.g/ml, Th cone :

1.7 to 5 |ig/ntl) in 5 M HNO3 and both uranium and thorium determined in the same aliquot by

ratio derivative spectrophotometry to analyse the solutions with a relative error of about ± 2 %.

Using mathematical regression analysis an XRF method has been developed for the

analysis of molybdenum and uranium in their mixed oxides. Regression equations were obtained

relating % Mo and % U with the intensity IdJLJ and KMoKJ. Synthetic standards of U^Og +

MoCb were analysed for U and Mo. An XRF method for the determination of Sr/Zr ratio in

strontium zirconates was developed A plot of intensities ratios of I(SrK«), I(ZrK*) and atomic

ratios of Sr and Zr was used to calculate the atomic ratios of Sr/Zr in compounds of Sr-Zr-0

system.

Preliminary experiments were conducted to investigate the feasibility of determining

phosphorus and sulphur in thoria samples by SSMS using photoplate detection. A large amount

of oxygen present rendered thoria sample ineffective for sulphur determination. A methodology

for correcting these molecular interferences is being explored. Estimated level of phosphorus in

sample was about 100 ppmw.

SOLID STATE CHEMISTRY

X-ray, thermal and thermodynamic studies were carried on actinide compounds and

compounds formed by the interaction of fuel-fission product-coolant.

Structural analysis on Pu2(C2O<i)3. IOH2O by Rietveld profile method showed each Pu3*

ion is coordinated to nine oxygen atoms, of which six O-atoms belong to three oxalate groups and

three O-atoms belong to water molecules.

ThPu(MoO4)3 was prepared by reacting Pu(MoQt)2 and TI2M0O4 in 1:1 proportion at

500°C. XRD pattern of ThPu(MoO4)3 was indexed on orthorhombic system with cell

parameters, a = 10.056 A°, b =24,893 A°, c = 7.311 A°, X-ray and thermal studies were

carried on SrUMo20io, SrUMo^Oie, Na2UO2(MoQi)2 and Na2(UO2)2(MoCM3.
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Crvstallographic Studies on Na-K-U-0 System indicated formation of complete range of

solid solution of type (Na^Ki.^lhO? (where x = 0.0 to 1.0). Reduction of (Nax-Ki-xblbO?

(where x = 0.0 to 0.5) gave (K,Na)UCb where lattice parameter of KUOj decreases with increase

in Na concentration.

Thermodynamic functions, such as standard molar Gibbs energy of formation, enthalpy

of formation, enthalpy increments and heat capacity values for the ternary oxides and binary

alloys which are relevant in nuclear technology have been experimentally determined.

Thermodynamic data for the compounds: (i) UMoG\s (ii) ThMo2Og (iii) TlMoO4 (iv) NiTe2C>5 (v)

Ni2Te3Og (vi) Ni^eQs (vi) SrThCb (vii) BaThCb (viii) Uo.823Moo.rn (ix) Uo.1sPdo.8s (x) UPd4(s)

(xi) UPd3(s) (xii) CdNi (xiii) CdsNi (xiv) Cdo.sNio.s have been measured.

Post irradiation examination of (U,Pu)O2 reveals the presence of a multi component

oxide phase like (Ba,Sr)(U,Pu,Zr,Mo)Q3. The behaviour of this phase under the operating

conditions of the nuclear reactor can be studied from the knowledge of multi component phase

diagram. Phase diagram was computed for Ba-Mo-O system by SOLGASMDC-PV program,

which computes equilibrium composition by minimization of Gibbs energy of the system.

Pseudo ternary phase diagrams of UQ2-TI1O2-O were drawn at various temperatures to determine

the phase boundary of (U.TIOQJ+J, phase, assuming ThC*2 is a stoichiometric compound and all

the nonstoichiometry in (U,Th)Q2+x is due to UQ2+X. These calculations were carried out on the

basis of UO2-O phase diagram using mass-balance equations.

Rb:U(SO4)3 has been suggested as a chemical standard for uranium. The thermal

properties are important to characterise the material for its stability at high temperature. Thermal

studies were carried on Rb2U(S(Xi)3. The compound undergoes two phase transitions at 648 and

780 K, which are reversible in nature. The compound has a large thermal expansion, as observed

from high temperature X-ray diffraction. An activation energy value of -258 kJ/mole was

calculated for the decomposition of Rb2U(SQ))3 to Rb2UQz(SO4)2 from the isothermal data at four

temperatures. The decomposition is governed by the unimolecular law.

The polyphase mixture with simulated waste containing Sr, Ba, Cs, Ce, Nd, U and Mo

has been prepared by mixing respective nitrate solutions followed by addition of glycerol and

evaporating to dryness and calcined at 900°C . The calcined powder was heated at 1200°C using

hot press under the pressure at 20 Mpa. XRD pattern of the product shows the mixture of two

host phases with slight shift in X-ray line positions. The chemical analysis carried out using

SEM/EDX shows uniform distribution of the dopped elements in the host matrix. The leaching

experiments showed the percentage of elements leached out after a two days leach period were:

Zr, Ce, Nd, U < detection limit; Mo, 0.2%; Ba, 0.2; Cs, 0.5% and Sr, 1%.

In continuation of the studies on A2B2O7 type of compounds, products of overall

composition [Gdi.xCexfcZrjCb were obtained by vacuum sintering of pressed pellets using Gd2O3,

CeC*2 and ZrCb and graphite at 1400°C. However the lattice parameter variation with x was not

linear. Further work is in progress.

Solid state reactions of UO2, ThCfe and (U,Th)C>2 are being investigated with KHSO4,

K2S^>7 and K2S2O& with a view to solubilise these oxides and to separate uranium and thorium

from mixed oxides.
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SERVICES

Anal\tical services were provided as part of Division's commitment to chemical quality

control of fuel materials. A number of techniques such as Electrometry, Mass Spectrometry for

isotopic abundance measurements. X-ray fluorescence for element determination, X-ray

diffrartion for phase identification, Thermogravimetric for O/M and phase transition studies, Gas

chromatography for gas analysis, Elemental analyser for C, H, N, O determinations were used to

provide analytical support to different R & D activities of other Divisions, Units of DAE and

outside Agencies. More than 2000 analytical determinations corresponding to 750 samples have

been carried out during this year.
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PUBLICATIONS

Journals

Thermal Stability and Vapour Pressure Studies on UTe3O9(s) and UTeO5(s)
K.Kxishnan, G.A.Rama Rao, K.D.Singh Mudher and V.Venugopal
J. Nud. Materials, 254 (1998) 49.

Studies on the Kinetics of Oxidation of Pu/rhi-yCfc.* (y=0.2,0.3 and 0.7) in Air
S.K.Sali, S.Sampath and V.Venugopal
J. Nucl. Materials, 252 (1998) 131.

Thermochemical Studies on BaMoQi(s)
Ziley Singh, Smruti Dash, R. Prasad and V. Venugopal
J. Solid State Chemistry, 266 (1998) 77.

Thermodynamic Studies on
Smruti Dash, Ziley Singh, R.Prasad, V.Venugopal and D.D.Sood
J. Chem. Thermodynamics, 30 (1998) 473.

Thermodynamic Studies on LaFeCb
S.C.Parida, Ziley Singh, Smruti Dash, R.Prasdadand V.Venugopal
J. Alloys and Compounds, 280 (1998) 94.

Study on the Extraction of U(IV) Relevant to Purex Process
R.M.Sawant, RK.Rastogi and N.K.Chaudhuri
J. Radioanal. Nucl. Chem. Letters, 229 (1998) 203.

Enthalpy Increments of SrjZr2C»7(s) and Sr4Zr3Cho(s)
Aperna Banerjee, Smruti Dash, R. Prasad and V. Venugopal
J. Alloys and Compounds, 267 (1998) 19.

Molar Gibbs Energy of Formation of BaMo2O7(s) using Solid
Oxide Galvanic Cell Method
Ziley Singh, Smruti Dash, R Prasad and V. Venugopal
J. Solid State Chem.. 134 (1997) 416.

Oxidation State of Uranium : an XPS Study of Alkali and
Alkaline Earth Uranates
Santanu Bera, S.K.Sali, S.Sampath, S.V.Narasimhan and
V.Venugopal
J. Nucl. Mater, 255 (1998) 26.

Development of a pH Titration Method for the Simultaneous
Determination of Uranium, Nitrate and Free Acid in the Feed
Solution of Sol-gel Process of Nuclear Fuel Fabrication
R.V.Kamat, H.RMhatre, KM.Sawant, N.K.Chaudhuri and
V.N.Vaidya
J. Radioanal. Nucl. Chem. 238 (1998) 33.

Isotopic Correlation for Alpha Specific Activity and Isotopic Composition of Plutonium
S.K.Aggarwal, D.Alamelu and P.M.Shah
Radiochim. Acta (in press).

189



Determination of H; and D2 content in Metals and Alloys using Hot Vacuum Extraction
Technique
Y. Sesha Sayi, K.L.Ramakumar, Rajendra Prasad, C.S.Yadav, P.S.Shankaran,
G.C.Chhapru and H.C.Jain
J. Radioanal. Nucl. Chem. (in press).

Determination of Hexamethylene Tetramine in the Process Solution of Sol-gel Method
for Nuclear Fuel Fabrication
V.R.Ganatra, R.M.Sawant, N.K.Chaudhuri and V.N.Vaidya
J. Radioanal. Nucl. Chem. Letters, (in press).

Thermodynamics of Extraction of Plutonium(VI) in PolyEthylene Glycol(PEG)
based Aqueous Biphasic Systems (ABS) Using 18-Crown-6 and 15-Crown-5.
K.V.Lohithakshan, P.D.Mithapara, S.A.Pai and S.K.Aggarwal
Radiochim. Ada (in press).

Thermodynamics of Extraction of Plutonium(I V) and Americium(III) In
PolyEthylene Glycol(PEG) and (NR))2SO4 based Aqueous Biphasic System (ABS)
Using 18-Crown-6.
S.A.Pai, K.V.Lohithakshan, P.D.Mithapara and S.K.Aggarwal
Radiochim. Acta (in press).

Thermodynamics of Synergistic Extraction of Americium(III) with HTTA
using DHDECMP (Bifunctional) and TBP (Mono-functional)
S.A.Pai, K.V.Lohithakshan, P.D.Mithapara and S.KAggafwal
Radiochim. Acta (in press).

Solid State Reactions of CeCfe, ThO? and PuCfc with Ammonium
Sulphate
K.D.Singh Mudher, M.Keskar and V. Venugopal
J. Nucl. Materials (in press).

Symposia/Conferences

Evaluation of Phase Diagram of Ba-Mo-O System using Computation
Technique
Smruti Dash, Ziley Singh, N.D. Dahale, R. Prasad and V. Venugopal
International Conf. on Computers in Chemical Research and
Education (XIIICCCRE), University of Pune, Jan. 5-9, 1998.

Enthalpy Increments of Thorium and Thallium Molybdates
Smruti Dash, Ziley Singh, N.D. Dahale, R. Prasad and V. Venugopal,
Proc. Eleventh National Symposium on Thermal Analysis,

Univ. of Jammu, March 2-5, 1998, p. 80.

Use of Micro- balance in Determining Standard Molar Gibbs
Energy of Formation of Strontium Zirconates
Smruti Dash, Ziley Singh, R. Prasad and V. Venugopal
ibid, p.83.

Calorimetric Measurements on ZrC (s)
Aperna Banerjee and V. Venugopal, ibid., p. 86.
Thermal Studies on R ^ U t S C ^
K.D.Singh Mudher, K.Krishnan and V.Venugopal, ibid., p. 105.
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Thermal and X-ray Diffraction Studies on
Meera S.Keskar, K.D.Singh Mudher and V.Venugopal, ibid.,p.lO7.

Oxidation Behaviour of Molybdenum in the Presence of Uranium
Oxide, N.L.Misra, K.D.Singh Mudher and V.Venugopal, ibid, p. 109.

Preparation and Characterization of Pyrochlore Type Compounds
[Lai-*Ce*]2Zr2O7
N.K.Kulkarni, S.Sampath and V.Venugopal, ibid.

Solid State Reaction of C e d With
Meera S.Keskar, K.D.Singh Mudher and V.Venugopal, ibid., p. 111.

Calorimetric Measurements on Orthoferrite LaFeOa(s)
S.Parida, Ziley Singh, Smruti Dash, R. Prasadand V.Venugopal, ibid., p. 88.

Calorimetric Measurements on Uranium-Molybdenum Alloy
S.Parida, Ziley Singh, Smruti Dash, R. Prasad and V.Venugopal, ibid., p. 94.

Phase Studies On Li-U-Mo-O System
N.D.Dahale, K.L.Chawla and V.Venugopal,ibid., p.77.

Calorimetric Measurements on RteUiOiiCs)
Aperna Banerjee, S.K.Sali and V. Venugopal, ibid., p. 94.

Decomposition Kinetics of M2(C2O4)3 (M= Pu, Ce & Nd) in air.
S.K.Sali, D.G.Phal, RM.Sawant, R.K.Rastogi, Keshav Chander,
S.Sampath and V.Venugopal, ibid., p.49.

Cyclic Voltammetric Studies of Palladium (II) in Dilute
Hydrochloric Acid at Glassy Carbon Electrode

H.S.Sharma and S.G.Marathe,
Proc. National Conference on Emerging Trends in
Electrometallurgy and Eighth Convention of Electrochemists,
C.E.R.I. Karaikudi, January, 1998.

Phase Studies on Sr-U-Mo-O System
N.D.Dahale, K.L.Chawla, R.Prasad and V.Venugopal.
ANACON - 98, Indian Analytical Instruments Association,
Mumbai, Dec. 1998.

Studies on the Effect of Hg2+ on the Determination of
Uranium in U-Al Alloy by Modified Davies -Gray method
N.N. Mirashi, B.N. Patil, Keshav Chander, S.K. Aggarwal
National Symp. on Electrochemistry in Nuclear
Technology (NASENT-98), IGCAR Kalpakkam, 1998.

Determination of Environmental Polluting Anions at Trace Level
by Ion Chromatography, R.K.Rastogi and R.S.Parmar (DEI
Agra) Hindi Sangoshti, DRDO Jodhpur, Nov. 1998.

Ionic Composition of Dew Collected in Agra
RS.Parmar, S.P.Singh, Anita Lakhani, K.M.Kumari,
S.S.Srivastava , R.K.Rastogi, V.N.Vaidya, Y.Babu, M.D.Sastry
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and S.B.Manohar '
17th Annual Conf. of Indian Council of Chemists. Chennai, Nov.
1998.

Solvent Extraction Studies of Thorium(lV) by Polyethylene
Glycol (PEG) Based Aqueous Biphasic System (ABS) and Crown
Ether (18 C-6)
K.V.Lohithakshan, P.D.Mithapara, S. A.Pai and S.K.Aggarwal,
ibid., IO-36.

A Comparative Study of Synergistic Extraction Behaviour of
Hexavalent Uranium with Thenyl Tri-fluro-acetone (HTTA) and
1-Phenyl, 3-Methyl, 4-Benzoyl Pyrazolone-5 (HPMBP) using
Mono- Bi-functional Neutral Donors
S.A.Pai, K.V.Lohithakshan, P.D.Mithapara and S.K.Aggarwal,
ibid.,.10-37.

Hydrothenual Synthesis of Zeolite on Alumina Microspheres
K.T.Pillai, R.V.kamat, R.K.Rastogi, N.K.Chaudhuri and
V.N.Vaidya
62nd Session of Indian Ceramic Society, Jamshedpur, Dec. 1998.

Preparation of Lead Zirconate Titanate (PZT) Powder
T.V.Vittal Rao, R. V.Kamat and V.N.Vaidya, ibid.

INVITED TALK

Neutron Activation Analysis in Gun Shot Residues and Diversion
of Nuclear Materials
G.R-Relan, Activation Analysis and other Complementary
Analytical Techniques in Forensic Science, B.A.R.C., February
1998.

Electro Analytical Techniques for the Determination of Uranium
and Plutonium in Fabrication of Fast Breeder Reactor Fuels
Keshav Chander,
National Symp. on Electrochemistry in Nuclear Technology
(NASENT-98), IGCAR, Kalpakkam, April, 1998.

BARC Report

Development of Neutron Source
R. V.Kamat, S.V.Thakare and y.N.Vaidya
BARC Report, BARG/1998/1/017.
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FUEL REPROCESSING DIVISION

Major Achievements

1. PLANT OPERATION & MAINTENANCE

Extensive modification work were carried out in the process cells during the year,
after internal and external decontamination of equipment. The newly fabricated
equipment with associated pipings were installed in process cells. Among them,
high acid waste evaporator, thermosyphon evaporator, feed and concentrate tanks,
condenser and ion exchange columns were some of the typical equipment.

The eastern half of the effluent hold-up delay tank was cleaned. To reduce man
power requirements and radiation exposure involved in the operation, a progressive
cavity pump was tested for transferring the slurry and found to be satisfactory.

In Fuel Handling Area, the pond water circulating system was provided with
isposable mixed bed resin cart:

and anion resin adjusts the pH.
disposable mixed bed resin cartridges where cation resin sorbs fission products (137Cs)

A scheme is being worked out in conjunction with WIP engineers for processing ILW
stored in Waste Tank Farm.

Developmental work on various process instrumentation systems were undertaken to
modernise the existing control systems. Centralised instrument panel was installed for
independent level indication of Tanks at Waste Tank Farm. Volumetric digital
indications were provided for tanks in make up area. The existing instrument panel in PP
Control Room was modified for installation of solenoid valves to actuate remote valves
and pressure switches to provide positive LED indication for open valves. A circuit has
been made to display the designated mnemonics corresponding to the channels of
temperature scanner installed in Control Room.

An indigenously developed programmer for sequencing the operations of Power
Master Boiler has now replaced the original imported unit with satisfactory performance.
The PILC cables connecting PP sub-station with workshop panel and old compressor
panel were replaced with new PVC insulated power cables. Two numbers of
transformers have been completely overhauled.

2. WORKSHOP

The workshop attached to the plant continued to cater to the requirements of
Plutonium Plant, KARP and FUS, and R & D activities of FRD and PESDD. Critical
equipment like waste evaporators (HAWE and 2DWE) and 2 Nos. of IX columns were
installed in cells.

The other major activities of the workshop were fabrication of plutonium oxalate

193



precipitation column, filter boat-cum- precipitate dispenser, ignition containers,
components/accessories for indigenous spectrometer for KARP, casings for lead-filled
cell top covers, mixer-settlers and sampling systems for Project FUS.

3. RESEARCH & DEVELOPMENT

On the R & D front, partitioning and recovery of residual actinides and fission
products from Purex High Level Waste (HLW) has been demonstrated on laboratory
scale. Tributyl phosphase (TBP) based extraction process has been developed for
recovery of total Np, near total Pu and major amounts of U while Truex solvent CMPO
based process has been developed for recovery of residual Pu, Zr and U, besides rare
earths. Fractional separation of Am-Ce, Pm and Eu and mutual separation of
Am and Ce have been achieved. Process has also been developed for the separation of
carrier free ^Y from wSr. A WY generator system is under development using KSM-17
impregnated PTFE membrane cell. The Division is supplying carrier free 90Yofgood
purity to Isotope Division, using this set-up. Studies on distribution of Tc in various
Purex streams have also been taken up.

Studies on sorption of various radionuclides from low level Purex streams using
biomass Rizopus arrhizus and banana pith have shown very encouraging results. Banana
pith has been found effective for the sorption of actinides and most of the fission
products relevant to Purex process at low level. Large scale testings with these sorbants
are being initiated.

Counter-current extraction studies with mixer-settler units are in progress to propose a
modified Purex extraction flow-sheet for co-processing of U and Pu for their recycle as
MOX fuel. Conditions are also being standardized for co- precipitation of uranium
and plutonium as their oxalate with minimum loss and the oxides produced through this
route are being tested for their suitability for MOX fuel fabrication. As an alternate
method for the electrolytic production of U(IV) used for partitioning of plutonium in
Purex process, catalytic reduction of U(VI) with hydrogen has been investigated,
incollaboration with Fuel Chemistry Division. Near total total conversion of U(VI) to
U(IV) at 100 g/1 has been achieved on lab. scale. Various parameters are being
optimized for large scale production of U(IV).

4. FACILITY FOR 233URANIUM SEPARATION

The Project, Facility for 233U Separation (FUS) is in an advanced stage of
completion. Installation of in-cell equipments have been completed along with 90% of
piping work.

Work on tanks in make-up area with associated pipings have been completed except
the lines to process equipments. High pressure steam lines from boiler house to FUS
building have been reconditioned and distribution lines to various areas of FUS are
being laid. PRV station for LP steam has been installed. Work on compressed air
supply lines from compressor room to FUS and the distribution lines to various
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areas are also being laid.

Face wall piping at Operating Gallery is completed. Installation of laboratory
equipments is completed while the erection/installation of laboratory services system
is in progress. Design of cubicle is being done for housing the process pumps and
associated RVs in the isolating corridor.

All erection jobs are expected to be completed by the third quarter of 1999 and cold
commissioning will be done during 1999.

5. SAFETY

Special radiation surveys were carried out by RHC section during the
decontamination and maintenance/replacement of equipments in cell areas. The jobs
were executed with stringent manrem economy and no radiation over exposure of
personnel has been reported., The safety related instruments/equipments are
regularly serviced and tested. The Division is well equipped to meet any emergency
situations.

6. HUMAN RESOURCE DEVELOPMENT

The policy of having trained manpower for the operation and maintenance of
reprocessing plants and other utility systems is being continued. During the year, two
batches of Category I and II trainees completed the course and after the assessment of
their performances, they were absorbed in various sections.

A month-long refresher course was arranged for 50 technicians to qualify them under
QIS. The course included lectures on various plant systems, radiological, criticality
and industrial safety and plant emergency preparedness and procedures. A few
engineers/scientists were sent for various courses relevant to reprocessing operations.

95 Operation & Maintenance personnel of Fuel reprocessing Plants at FRD and
PREFRE were qualified/requalified under QIS. 126 personnel were certified for
commissioning Reprocessing Plant at Kalpakkam.

7. PUBLICATIONS

International Publications

1. Biosorption of radionuclides by Rhizopus arrhizus.
Biotechnology Letters Vol. 20, No.3, pp. 225-228,1998

2. Separation and Recovery of Uranium, Neptunium and Plutonium from High
Level Waste using TBP: Counter-Current Studies with Simulated Waste Solution.
Separation Science and Technology, 33(12), pp. 1877-1887, 1998
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3. Sorption of Plutonium, Americium and Fission Products from Reprocessing
Effluents using Rhizopus arrhizus.
Biotechnolgy Letters, 20(9)869,1998.

4. Partitioning of Actinides from High Level Waste of Purex Origin using CMPO
based Supported Liquid Membrane.
Separation Science and Technology, (Accepted)

5. Separation of Carrier-free 90Y from High Level Waste by Extraction
Chromatographic Technique using KSM-17,
Separation Science and Technology, (Communicated)

6. Recovery of actinides extracted by Truex solvent from high level waste using
complexing agents: I. Batch studies.
Journal of Radioanalytical and Nuclear Chemistry, (Accepted)

7. Recovery of actinides extracted by Truex solvent from high level waste using
complexing agents: II. Counter-current studies.
Journal of Radioanalytical and Nuclear Chemistry, (Accepted)

National Publications

1. Effect of photolytic reduction of uranyl nitrate in radiolysed 30% TBP-n-
dodecane-HNO3 system: Studies of extraction behaviour.
Proc. Trombay Symposium on Radiation and Photochemistry (TSRP 98), PC-72,
Trombay, January 14-19,1998.

2. Study of the UV light induced transformations in 30% TBP-n-dodecane-HNC>3
system.
Proc. Trombay Symposium on Radiation and Photochemistry (TSRP 98), PC-73,
Trombay, January 14-19, 1998.

3. Studies on the viability of perspex as a window material in high radiation field.
Proc. Trombay Symposium on Radiation and Photochemistry (TSRP 98), RC-54,
Trombay, January 14-19, 1998.

4. Study of the effect of Cu2+ on the radiolysis of Pd(C104)2 in concentrated perchloric
acid medium. . . . . . .
Proc. Trombay Symposium on Radiation and Photochemistry (TSRP 98), PC-62,
Trombay, January 14-19, 1998.

5. Ion Exchange Studies of Actinides and Fission Products.
C.Janardhanan,
Ph D Thesis,
Guide: Dr.B.M.Misra (D.D).
February, 1998.
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6. Separation and recovery of actinides from acidic waste solutions.
10th Research Scholars Meet, Indian Chemical Society, Institute of Science,
Mumbai, Feb. 11-12, 1998.

7. Application oflCP-AES technique for the estimation of ppb levels of233Uin
Thorex process solutions after separation of Th by oxalate precipitation.
National Seminar on Spectroscopy, Lasers and Laser Applications, Dept. of
Physics, Cochin University of Science & Technology, Kochi, Kerala, UVV-35,
pp-78, March 23-26, 1998.

8. Hyperfine structure of 5915 A° line of 233U by high resolution emission
spectroscopy using Recording Fabry Perot Optical Spectrometer.
National Seminar on Spectroscopy, Lasers and Laser Applications, Dept. of
Physics, Cochin University of Science & Technology, Kochi, Kerala, UVV-33,
pp-77, March 23-26,1998

9. Fire safety in plutonium processing facility.
Abstract No. (P-43)(TS-11.3), Proc. International Conf. Fire Protection in the
Nucl. Installations, Numbai, April 15- 17,1998.

10. Estimation of Trace uranium in Thorium matrix using Laser Fluorimeter
Developed at CAT- An Application in Nuclear Fuel Reprocessing.
CAT Report-CAT/98-5 ,(1998)

11. Extrtaction-wet oxidation process using sulphuric acid for treatment of TBP-
dodecane wastes
BARC/1998/E/005

12. Removal of Radionuclides from Radioactive effluents of Purex Origin using
Biomass Banana Pith as sorbant.
BARC/1998/E/012
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HEALTH PHYSICS DIVISION

Major Achievements

1. Operational Health Physics
Radiological safety support to various nuclear power plants and other fuel

cycle facilities was continued by the Health Physics Units (HPUs) located at the
various DAE facilities. This includes assessment of the plant areas, safety reviews
and participation in O&M activities during normal and special operations, towards
exposure control. Health physics coverage was provided to (i) In Service Inspection
(ISI) of 66 coolant channels, unit #2, MAPS, (ii) en-masse coolant channel
replacement carried out at unit #2, RAPS, (iii) initial cavity work, turbine overhauling
work, replacement of shutdown MOV, stem of recirculation loop MOV, control rod
drives (5 Nos), core spray loop II and reactor clean up system return line, in service
inspection of recirculation loop and secondary steam generator, and core shroud
inspection work in unit #2, TAPS, (iv) creep adjustment of all the coolant channels in
unit #2, KAPS (v) shifting of old spent fuel bundles to newly constructed spent fuel
storage facility at RAPS and (vi) transfer of spent fuel from RAPS to AFR fuel pool at
Tarapur.

A thorough survey was carried out to identify the hotspots in reactor buildings
of units #1&2 and service building of RAPS. The hotspots were effectively
decontaminated/ shielded and follow-up activities are continuing. Argon-41 mapping
in areas of reactor buildings of these units was also carried out for identification of
leakage points for corrective action. These surveys contributed to ventilation
balancing and leakage reduction. Besides reducing the spread of Argon-41 activity
and thereby minimising the radiation dose to station personnel, it also led to a
reduction in release through the stack. The dose management programme based on
FOXPRO software was commissioned and is being used for the issue/return of
DRDs and radiological work permits at RAPS.

Based on the radiological monitoring of the annulus gas system at NAPS, the
reason for the Argon-41 release observed during the operation of the reactors was
traced to the impurities in the CO2 used in this system.

The incidence of high gamma radiation fields on moderator cover gas piping
in unit #1, KAPS was investigated and it was found to be due to impurities in Helium
cover gas.

TAPS has achieved lowest liquid waste discharge and lowest collective
exposure for refuelling. There was not a single exposure above investigation level
{20 mSv) during the year 1998.

The atmospheric discharge limits for uranium release through stack from NFC
plants at Hyderabad were revised based on new dosimetric data and in view of the
new plants coming up at the site.

Whole body counting of plant personnel for internal contamination was
continued at the various Environmental Radiological Laboratories. The whole body
counting system at Kaiga, ERL was calibrated in the scanning mode during this year.
Work on setting-up of Health Physics Unit at Kaiga APP is in progress.

The programme on radiological and industrial safety monitoring
including personnel dosimetry, industrial hygiene and safety evaluation, effluent
monitoring and environmental surveillance was continued by Health Physics Units at
NFC at Hyderabad, UCIL at Jaduguda and Narwapahar and IRE at OSCOM,
Udyogamandal, Chavara and Manavalakurichi. In view of the proposed change of
input raw material and resulting modification of process, laboratory scale studies
were carried out, at IRE OSCOM, to establish the radioactivity and chemical
inventory control at each stage to obtain the data on product, liquid & solid wastes
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generated. At IRE, Udyogamandal, the decreasing trend in environmental discharges
of Ra-228 continued during the year also due to better effluent management. At NFC,
TLD services were extended to the personnel of the new uranium oxide fuel plant,
which became operational on October 30, 1998. Health Physics coverage was
provided to Jonaki Laboratory, Hyderabad during processing and dispatch of P-32 &
P-33 labeled biomolecules.

At UCIL, Jaduguda, individual personal radon and radiation dosimetry
programme was extended to cover 300 mine workers. 158 mineworkers were
monitored for radon in exhaled breath to evaluate Ra-226 and resulting dose. A pre
licensing inspection of UCIL (Mill Division) was carried out on behalf of DAE for
issue of operating license by competent authority. Radiological and effluent
monitoring support was provided during decommissioning of Heap Leaching Project
of AMD at Jajawal.

Bioassay monitoring of the radiation workers was continued and during the
last one year 773 radiochemical analyses on 403 urine samples were carried out for
the radionuclides: Pu-alpha (230), U -Nat. (217) Gross-alpha (65) Th-232 (24), PO-
210 (22), and a few samples from subjects exposed to 1-131, P-32 and Am-241 were
also analysed. The results showed that in these subjects the daily excretion of the
radionuclides was below the 0.1 FRL (fraction of the recommended limit) indicating
the exposures of the occupational workers to various radionuclides to be well below
the permissible level.

Members of the Division participated in different Working Groups, Design
Safety Committees and Safety Review Committees constituted by AERB/ SARCOP.
The Division also participated in the preparation of various AERB safety guides and
codes related to radiological safety aspects. Health Physics personnel also
participated in plant and site emergency exercises conducted at NPP sites.

Radiological surveillance was provided during the nuclear tests carried
out at Pokharan on May 11 and 13,1998.

2. Environmental Surveillance
Environmental surveillance in and around BARC complex and nuclear power

plants sites at Tarapur, Rawatbhata, Narora, Kalpakkam, Kakrapar and Kaiga was
continued. Samples consisting of sea water, fresh water, bore-well water, rain water,
vegetation, soil, sediment, sediment core, air, goat thyroid and marine organisms
were collected and analysed for H-3, Sr-90, Cs-137, Pu-239+240 and gross alpha &

gross beta activities. Liquid wastes from various plants were analysed for gross
alpha, gross beta, Sr-90, Cs-137, and plutonium. The results indicate that the fission
product and activation product activity levels in the environment continue to be
insignificant.

A comprehensive monitoring of water samples from the Chambal river system
- Rana Pratap Sagar, Jawahar Sagar and Kota barrage was carried out, subsequent
to the release of about 5 tonnes of tritiated heavy water due to leakage from
moderator heat exchanger at unit #2, RAPS. The results of this monitoring indicated
that the dose to members of the public is less than 100 ^Sv.

Special surveys consisting of ground water tritium investigations in test
boreholes at MAPS site were carried out and a report on the results of these
investigations was prepared.

Wells within 25-km distance from NFC were monitored for total dissolved
solids, Na, Mg, U, chlorides, nitrates and fluorides. The levels were found to be within
the prescribed limits. The levels of pollutants in the ambient air around NFC were
also within the limits prescribed by Department of Environment.

At UCIL, Jaduguda, pre-operational monitoring of water from borewells dug
near third stage tailings pond was carried out.

Environmental Radiological Laboratory located at Kaiga was inaugurated by
Director, BARC on June 22, 1998. On this occasion, Director, BARC released the
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"Environmental Radiological Laboratory Procedure Manual". This manual will be
useful in establishing standard procedures for collection, processing and analysis of
environmental samples collected by various ESLs.

3. R & D Activities
The work on IAEA Project (RC/8919/Japan), on Reference Asian Man Phase

II, was continued this year. In all 620 determinations on the concentration of trace
elements in food materials and total diet were carried out for the elements of
importance in radiation protection such as Cs, I, Sr, Th, U and the nutritionally
important elements Ca, Cr, Fe, Co, K, Sb, Zn. The data on radiologically important
elements were collected to obtain population specific biokinetic parameters for
application in the assessment of internal radiation dose to the occupational workers
from their radioactive counterparts such as Cs-137, 1-131, Sr-90, Th-232 and U-238
encountered in various operations of nuclear fuel cycle. The data on nutritionally
important elements are collected to update the information on their daily dietary
intake by an adult Indian (Reference Indian Man). The results of the analyses of
various food ingredients showed that with the exception of Ca and I, cereals and
pulses contribute maximum to the daily intake of all other above stated elements.
Maximum contribution to the daily intake of Ca and I is made by milk and iodised salt.

As a part of the programme initiated by IAEA to provide the certified
concentrations of the radiologically important elements Cs, Sr, I, Th and U in various
Standard Reference Materials analyses were carried out for the above five elements
in six biological materials distributed by IAEA and representing matrices such as diet,
soft and hard tissues and the leafy materials. The results agreed well with the final
consensus values obtained on the basis of the results reported from laboratories
(with expertise of the analysis of these elements) in other countries.

The work on the IAEA project (CRP/9476) entitled "Characterisation of air
borne Ce, Th-232 and Cd in work place and their co-relation with their concentration
in body fluids and excreta of occupational workers using NAA, XRF and ICP" is being
continued. In this connection, a control laboratory was set up for monitoring air borne
Ce, Th, Zn and Cd in work place. Elemental distribution of these elements in
respirable air was found to be process dependent. Cd showed preferential
soluilisation in lung-serum simulant. Respirable air borne particulate matter (APM)
showed significant correlation with concentration in the urine excreta.

Using the data collected on the simultaneous measurement of Th and U
concentration in blood serum and in urine of occupational subjects handling these
two radioactive elements and their compounds, the excretion ratio (the ratio of Th
and U excreted in 24 h urine to the total present in blood serum pool) was assessed
to be 94% for U, agreeing well with the ratio of 98% calculated on the basis of ICRP
metabolic model for U given in ICRP 30. The excretion ratio for Th was estimated to
be 18% and it was about 3.5 times lower than that calculated on the basis of ICRP
metabolic model. The results indicated that the application of metabolic model of Th
given in ICRP 30 may lead to underestimation of radiation dose. A novel method of
internal dose assessment was therefore developed which was based on
determination of Th in blood serum of occupational workers. The use of the
concentration of Th in blood serum instead of the Th concentration in urine ensured
that there is no underestimation in the dose estimates due to observed lower
excretion ratio of Th, even while using the old ICRP metabolic model of Th.

A study taken up last year in collaboration with Kerala Agricultural University
on the etiological importance of the elements Ce, Th and La in the coconut plant
leaves affected by "wilt disease" in monazite area of Kerala (which is causing an
annual loss of 500 crores) was extended to include the study of the elements Fe, Zn,
Co, Ca, Cr, Cs, Rb and Sb. About 200 determinations were made on the leaves of
normal and diseased coconut plants growing in disease-affected area and healthy
coconut plants from disease free area. Whereas no difference was found in the

200



concentrations of Zn, Co, Ca and Cr in the healthy and diseased plants, the
concentration of the two alkali elements Cs and Rb on the other hand were
significantly higher in the coconut leaves of healthy and diseased plants growing in
the diseased affected area. This is an important observation in view of the reported
higher concentration of K in the diseased plants as it belongs to the same group of
elements as Cs and Rb.

The Division also participated in the reanalysis of the Probabilistic Fracture
Mechanics study of GRS Project (RPV PTS/ CAS) based on the draft results
obtained from different participating countries. Probabilistic Safety Analysis studies
on flow blockage of FBTR fuel sub-assembly were carried out in collaboration with
Reactor Safety Division, BARC and Reactor Physics Division, IGCAR.

Software for analysing the spectrum obtained in whole body counting system,
using Nal(TI) detector, was developed. This software is being tested using the
spectra obtained employing Nal(TI) detectors located at BARC. A computer software
for the evaluation of minimal cutsets of a fault tree was developed and it is being
tested for large fault trees. This is being carried out in collaboration with Reactor
Safety Division, BARC.

The accident risk involved in transport of spent PHWR fuel from a typical
reactor site (Kota in Rajasthan) to a typical reprocessing site (Tarapur in
Maharashtra) was quantified. The frequencies of accident sequences involved in the
transport of spent fuel were estimated using fault tree analysis and the
consequences were evaluated using RADTRAN-4 computer code.

Detailed studies to determine the tritium contamination of ground waters at
MAPS and IGCAR sites were carried out by ESL, Kalpakkam. Field measurements at
Gundala village near Bhadrachalam, were carried out by ESL, Kalpakkam towards
the estimation of Radon levels in Hot Springs at river Godavari. A special survey of
Sindurguri stream was carried out to evaluate radionuclides and chemical pollutants
released from Rakha Copper mines at Jaduguda.

Studies on absorption of Cs-137 on CuFe HCF- acrylic fibre composite
material are being continued. Using this method, i.e. sorption of Cs-137 on acrylic
fibre composite material, two sources of Cs-134+137 were prepared. These sources
conform to the expected purity of Cs source and estimated source strengths.

Studies related to the characteristics such as the permeability of tritium
through samples of a variety of plastic films commercially available are being
undertaken to search for an alternate material, for use in fabrication of plastic suits,
which is lighter, more durable and less permeable. In this connection, an
experimental facility was set up and measurements are being made on these films.
Time dependent permeability evaluation is in progress.

4. Training Programmes and Public Awareness Activities
Two scientists from Vietnam who were sponsored by IAEA were

trained in Health Physics Division for internal dose assessment using bioassay
monitoring procedures and also in the environmental surveillance programmes using
AAS. Staff members of HPD actively participated in various organising committees
and delivered lectures in the IAEA Regional Basic Professional Training Course on
Radiation Protection held in BARC during Oct.-Dec, 1998.

A workshop on "Planning Preparedness and Response to Radiological
Emergencies for DAE Officials" was conducted at Tarapur in January 1998. A one-
year Health Physics stipendiary training course is being conducted in Health Physics
Division for Health Physics trainees of NPCIL. The sixth batch of one-year
Stipendiary Training Course in Health Physics was successfully completed during
this year.

As part of the public awareness programme members of the public including
students, teachers/lecturers visited the ESLs located at various NPP sites. They were
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appraised of the environmental surveillance work being carried out by these
laboratories.

5, 'X Plan Project Activities
Procurement activities of the items for the IX plan sub-projects "Upgradation

of Radiological Laboratories", "Upgradation of Dosimetry Facilities for Uranium Mine
Workers" and "Radiation Protection Training and Information Centre (RPTI)" are in
progress. Activities related to civil construction of the RPTI and upgradation of
dosimetry facilities for Uranium mine workers are being pursued.

6. Analytical Services
Analytical support for 1) various environmental surveillance programmes of

Health Physics Units located at various DAE installations and 2) to BARC Hospital
and other hospitals in Mumbai for their studies on trace element specific diseases
was continued. About four hundred determinations were made for the elements Na,
K, Cu, Zn, Fe, Mn and Al in the environment saftiples such as soil, sediment, water
and vegetation etc. Another two hundred determinations were made for the
concentrations of Cu, Zn, Fe and Li in the blood serum samples of hospital patients.

Analytical services for radio chemical analysis (Gross alpha Gross beta, Ra-
226, Ra-228) of water samples were provided to Pharmaceutical Companies such as
Cipla Ltd., Okasa Ltd., Mediorals Ltd. and Midispray Ltd.; and for gamma emitters in
fish samples to the Marine Products Export Development Authority. One hundred
eight samples of export origin and forty six samples of import origin were analysed
for radioactivity content by ESL, Kalpakkam. Respiratory protective equipment worth
17 lakhs were supplied to various units of DAE during this year. Health Physics
Division participated in the "Analytical Quality Circle" organised by Central Pollution
Control Board for analysis of chemical pollutants.
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1. Shankar Jha, A.H. Khan and U.C. Mishra, Environmental Radon Profile around
an Indian Uranium Complex, Paper submitted to the Journal of Environmental
Radioactivity (U.K.), 1998

2. Shankar Jha, D.K. Ghosh and U.C. Mishra, Assessment of Exposure of Miners to
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3. A.C. Paul, P.M.B. Pillai, P.P. Haridasan, Sujatha Radhakrishnan and S.
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4. P.P.Prasad, B.Balaiah, T.Krishna Rao and A.R. Lakshrnanan, Estimation of
Trace Levels of Uranium in Ground Water by Laser Induced Luminiscence
Method Paper presented at the International Conference on Environmental
Science, Trivandrum, December 2-4,1998.

5. A.C. Paul, K.S. Sukumaran, P.P.Haridasan, Sujatha Radhakrishnan, V.R. Nair,
K.N.M. Kartha and Sheela Gopakumar, Accumulation and Transport of Trace
Metals and Radionuclides in Sediments from Backwaters of a Tropical River,
Paper presented at the Second International Symposium on Environmental
Sciences, Trivandrum, Dec-98.

6. H. S. Dang, D. D. Jaiswal, V. R. Pullat, S. Krishnamony. Development of
Analytical Methods for the Determination of Some Radiologically Important
Elements in Biological Materials Using NAA. Paper published in Report on
Reference Asian Man Phase II. NAHRES-38. Vienna (1998) 13-1 to 13-10.

7. H. S. Dang. Compilation of Anatomical, Physiological and Metabolic
characteristics for Reference Asian Man- Daily Dietary Intake. IAEA-TECDOC-
1005:61-69:1998.

8. Rajan M.P, Ganapathy S and lyengar M.A.R, "Monitoring of Kalpakkam Coastal
Environment in the Context of Low Level Radioactive Effluent Discharges from
MAPS", International Conference on Environmental Science (ICES.98), Regional
Research Laboratory, Trivandrum, December 2-4,1998

9. H. S. Dang, D. D. Jasiwal, V. R. Pullat and M. Parameswaran. The Estimation of
Daily Intake and Organ Content of Ca, Cs, I, Sr, K, Th and U in Indian Population.
Paper presented at Second IAEA- RCM on Reference Asian Man Phase II held at
Taiyuan during 16-19 June 1998.

10. H. S. Dang, D. D. Jaiswal, V. R. Pullat & U. C. Mishra. Studies on Ingestion and
Body Fluid Concentration of Th for Subjects Working and Living in Th Rich
Environment. Paper accepted for presentation in VII Int. Conf. on Low level
Measurement of Actinides & Long Lived Radionuclides in Biological samples held
at Salt Lake City, Utah, USA, 1998.

11. C.G. Maniyan, P.P. Haridasan and A.C. Paul, An Experimental Study to Assess
the Integrated Airborne Activity due to Thoron Daughters using SSNTD - LR 115,
paper presented at the 11 th National Symposium, Amritsar, Oct. 1998.

12. by P.S. Sarma, A. Ramakrishna Rao, Y. Subramanyam, R. Muthyalu and A.R.
Lakshmanan Radiological Safety Aspects of U Fuel Fabrication Facility at
Nuclear Fuel Complex, Presented at IXth annual conference of Indian Nuclear
Society (INSAC-98) Mumbai, Jan 1-3,1998

13. A.H. Khan, M.Raghavayya and V.K. Gupta, Radiation and Environmental Safety
in Uranium Mines and Mill, Proceedings of the 7th National Symposium on
Environment, Feb 5-7,1998, at Indian School of Mines, Dhanbad

14. P. A. Wahid, N. V. Kamlam, S. Vijayalakshmi, H. S. Dang D. D. Jaiswal, P. V.
Balachandran & V. K. Venugopalan. Rare Earth Element Levels in Coconut in
relation to Root Disease. Current Sciences 75:1998; 1180.
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15. A.H. Khan, G.Jha, P.M. Markose, G.K. Srivastava, S.Jha, S.K. Basu, Rajesh
Kumar and V.NJha, Health and Safety Report of UCIL, Jaduguda, Bihar for
1997, BARC (1998)

16. A.John Arul, Om Pal Singh, A.K. Babar and V.V.S. Sanyasi Rao, PSA on Flow
Blockage of FBTR Fuel Subassembly, FBTR 01117 PSA 0001, September, 1998.

17. K. Subramaniam, R.K. Saraf, R. Venkatraman, V.V.S. Sanyasi Rao and V.
Venkat Raj, IAEA Co-ordinated Research Programme on "Collection and
Classification of Human Reliability Data for Use in Probabilistic Safety
Assessment" Final Report on work done, May, 1998

18. S.K.Basu and A.H. Khan, A study of Sources of Manganese Released from UCIL
Operations to the Local Aquatic System, submitted for publication as internal
report of Health Physics Division, BARC

19.A.C. Paul, T. Velayudhan, P.M.B.Pillai and V.K. Gupta Natural Background
Radiation Exposure in the Western Coastal Villages of TamilNadu, India - A
Preliminary Study, paper accepted for presentation at the 24th IARP Conference
Kakrapar, Jan-1999.

20. V. R. Pullat, H. S. Dang. Studies on the Excretion Ratio of U for a Group of
Occupationally Exposed Subjects. Paper accepted for presentation in the IARP
Conference being held at Kakrapar (KAPP) in Jan 20 - 22, 99.

21. M. Parameswaran, H. S. Dang. Population Specific Absorption Studies for Some
Diet Incorporated Trace Elements: Comparison with ICRP Data. Paper accepted
for presentation in the IARP Conference being held at Kakrapar (KAPP) in Jan
20-22, 99.

22. D. D. Jaiswal, Suma Nair, H. S. Dang. The Study on the Dietary Intake of Cs, Sr
& I by Adult Indian Population to Evolve Population Specific Biokinetic
Parameters, Paper accepted for presentation in the IARP Conference being held
at Kakrapar (KAPP) in Jan 20-22, 99.

23. H.S. Dang, D.D, Jaiswal, V.R. Pullat and U.C. Mishra. Application of
Radiochemical Neutron Activation in the Assessment of Internal Radiation Dose
to Nuclear Industry Workers. Paper accepted for presentation in the Tenth
International Conference on Modern Trends in Activation Analysis, being held
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24. Annual Report of Environmental Survey and Micromet Laboratory, BARC,
Kalpakkam for the period 1997.

25. T.A. Sebastian, K.G. Varghese, S. Ramkumar, T.L. Ajith, M.T. Baburaj, J.T. John,
C.P. Joshi, M.U. Dole and M.K. Jha, Environmental Radiological Surveillance In
Retrospect For Kakrapar Atomic Power Station. Paper accepted for presentation
at the 24th IARP Conference Kakrapar, Jan-1999.

26. P.C. Verma And L.N. Sharma, Potassium-40 In Narora Environment, paper
accepted for presentation at the 24th IARP Conference Kakrapar, Jan-1999.

27. P.C. Verma, B. Vijayakumar, Thomas George, Rajesh Sankhla, Alpana Roy,
P.V.Vyas and R.P. Gurg, Assessment Of Tritium Dose Around Rajasthan Atomic
Power Station (1989-1997) paper accepted for presentation at the 24th IARP
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Environmental Gamma Measurements Using HpGe Detector, paper accepted for
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30. D. Datta, Development Of A Knowledge Based System For Decision Making Of
Protective Measures During A Radiation Emergency, paper accepted for
presentation at the 24m IARP Conference Kakrapar, Jan-1999.
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31. S. Rajan, U.K. Jayaram, B.S.K. Nair, N. Gunalan and K. Chudalayandi, ALARA
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33. V. Mohan, K.R. Viswambharan, P.G. Mohandas, K. Chudalayandi, S.
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Kakrapar, Jan-1999.
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System Used at KAPS (A Review) paper accepted for presentation at the 24lh
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Specific Activity Airborne Dust During Processing Of Uranium Ore, paper
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38. S.K. Basu, V.N. Jha, P.M. Markose and A.H. Khan, An Assessment of Ground
Water Quality around Jaduguda after Thirty Years of UCIL Operations, paper
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39. P.P. Haridasan, P.M.B. Pillai and A.C. Paul, Assessment Of AMAD And MMAD
For Airborne Particulate Matter In The Beach Mineral Separation Plants -
Modification Of ALI and DAC, paper accepted for presentation at the 24th IARP
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40. C.G. Maniyan, P.P. haridasan and A.C. Paul, Studies On Emanation Of Thorium
From Monazite Mineral And Chemical Compounds Of Thorium, paper accepted
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Pendharkar, Studies On Commercially Available Thin Wall G-M Detectors, paper
accepted for presentation at the 24th IARP Conference Kakrapar, Jan-1999.

42. M.D. Deshpande, G. Ganesh, R.K. Shivade, K.A. Pendharkar, G.M. Coelho, K.
Dubey, G.S. Nagarale, Dual Detector For Continuous Monitoring Of Plutonium In
Air, paper accepted for presentation at the 24th IARP Conference Kakrapar, Jan-
1999.

43. P. Unnikumar, B.S. Sanjeev and R.M. Sharma, Exposure Control Strategy
Adopted during Refurbishment of Rajasthan Atomic Power Station, UNIT-2, paper
accepted for presentation at the 24th IARP Conference Kakrapar, Jan-1999.

44. R.K. Verma, A.K. Bhattacharya, S.K. Jain and R.M. Sharma, Measurement Of
Radiation Field Profile in Calandria Shell Of Rajasthan Atomic Power Station,
UNIT-2, paper accepted for presentation at the 24th IARP Conference Kakrapar,
Jan-1999.

45. A.K. Shukla, S.K. Jain, Rajan Nischal, R.M. Sharma, et.al, Radio-Nuclide
Identification And Dose Rate Projection For En-Mass Coolant Channel
Replacement At Raps Unit-2, paper accepted for presentation at the 24th IARP
Conference Kakrapar, Jan-1999.

46. S.K.Basu, V.N.Jha, P.M.Markose and A.H. Khan, An Assessment of Ground
Water Quality around Jaduguda after Thirty Years of UCIL Operations, submitted
to 24th Ann. Conf. of the IARP and being published in the Radiation Protection
and Environment Journal, January 1999.
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47. Rajesh Kumar and A.H.Khan, Evaluation of Exposure j f Workers to Low Specific
Airborne Dust during Processing of Uranium Ore, submitted to 24th Ann. Conf. At
the IARP and being published in the Radiation Protection and Environment
Journal, January 1999.

48. S.K. Basu and A.H. Khan, An Investigation into Routes of Release of Effluents
from UCIL Operation to Juria Nala, presented at the 11 lh meeting of the Safety
Committee for UCIL Plants and Projects of AMD, SARCOP/AERB, Jaduguda,
November 9-11,1998

49. Rahul Kumar and Giridhar Jha, Health Effect on Workers Engaged in Uranium
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Accidents and Noise Exposure, presented at the meeting of Occupational Health
Advisory Committee of SARCOP/AERB, Bombay, December 8-9,1998

50. Annual Report of HPU, IRE, OSCOM.
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HEAVY WATER DIVISION

Major Achievements

1.0 D2O Upgrading Plants:
Operation of D2O Upgrading plant at Engg. Hall 2 was continued for meeting the requirements of
Dhurva/CIRUS. Around 10.5 tons of reactor grade heavy water was supplied to Dhruva/CIRUS.
Efforts are going on to increase the capacity to around 1S tons.

All the tower internals for 14 sections of the 1050 mm diameter column of the upgrading plant for
Kaiga-1 were fabricated, activated, tested and dispatched to site. Fabrication of tower internals for
Kaiga-II has been completed and testing is in progress.

2.0 Heavy Water Analysis:
Heavy Water Division successfully completed the analysis & certification work of heavy water
exported to M/S Korean Electric Power Corporation, South Korea by Heavy Water Board.

3.0 Neon Separation Studies:
To meet the requirement of Neon-22 isotope of Defence Organisation, a thermal diffusion column was
set up and operated. The results obtained have been very encouraging. Based on this data, a protptype
column of suitable capacity has been designed and is under fabrication. Another test assembly having
five columns was set up to study the interstage flow parameters. However not much data could be
obtained due to hardware problems.

4.0 Advanced Electrolyser for Oxygen Production:
A compact electrolyser plant for DMDE was set up at Hall 2 and successfully commissioned. The
plant was operated at various loads and at full capacity of 4.35 NM3/hr of oxygen and 8.7 NM3/hr of
hydrogen. The plant was operated on round-the-clock shift for more than 45 days (over 1000 hrs.) to
demonstrate the technical performance characteristics. A shock-analysed structure is being fabricated
to meet the environmental requirements besides modifications to certain process equipment

5.0 Additional Upgrading plant for MAPS:
A plant is being set up at MAPS for decontamination of moderator heavy water. Procurement of
critical equipment is in progress. Engineering of this plant has been taken up.

6.0 IX Plan Project:
Heavy Water Division has undertaken development of cryogenic systems under the DCth Plan.
Activities have been initiated to procure critical components for the systems development as well as
for the testing programme.

7.0 Polysilkon Project:
Heavy Water Division has undertaken to develop the technology for the production of detector grade
polysilicon. The technology involves production of trichlorosilane, its purification by vacuum
distillation to the required grade and to reduce it to silicon through chemical vapour deposition
technique. It is proposed to set up a pilot plant and develop the required design data. Material
procurement has been initiated for setting up of the pilot plant.
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List of Publications

1 " Radiation method for measuring gas hold up in water columns", Sadhana Mohan, V K Tangri,
Gurusharan Singh & V K Sharma; International Conference on applications of radio isotopes and
radiation in industrial development, April,450(1998).

2. "Investigations of hydrodynamic behaviour of jet loop reactor using radio isotope tracer technique**,
Sadhana Mohan, H J Pant, V K Tangri & S V Navada, International Conference on applications of
radio isotopes and radiation in industrial development; April, 339(1998).

3."Experimental Studies on the Hydrodynamics of an augmented jet loop reactor," Sadhana Mohan,
V H Narvekar, & T G Varadarajan; Indian Chemical Engineer, 40, April-June, 124 (1998)
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ISOTOPE DIVISION

Major Achievements

In Isotope division, the R&D focus is on developing processes for isotope

production and application of isotopes in medicine, which includes preparation and

characterisation of radiopharmaceuticals for diagnostic and therapeutic uses, and in

hydrology and industry, which includes development of radiation based environmental

friendly industrial processes, utilisation of isotopes for better harnessing of natural

resources . Isotope Division's service focus is presently on trouble-shooting in industry

using tracers and sealed sources and in radiation treatment of diamonds and

polyethylene 'O' rings.

1. HEALTH CARE

1.1 Development of Therapeutic Radiopharmaceuticals

168/186Re-Hydroxy ethylidine diphosphonate (HEDP) and1S3Snt-EDTMP

i88/i«6ReHydroxy ethyiidine diphosphonate (HEDP) and 153Sm.-EDTMP are

radiopharmaceuticals used for palliation of metastatic bone pain. The work on the

preparation and purification of these products have been completed. The biodistribution

studies carried out in Wistar rats have shown satisfactory uptake in bone with minimum

uptake in non target organs. The major excretory route was found to be through the renal

system. The development of these products is now complete and ready to be used in

higher animals. j

l66Ho- Hydroxy apatite particles

Suitable P* emitting radionuclide labeled paniculate radiopharmaceuticals are

useful in the management and control of synovial inflammation. Hydroxy apatite labeled
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with 166Ho, which was prepared by irradiating l65Ho in Dhruva reactor is used for

radiation synovectomy. Hydroxy apatite (Caio(P04)6(OH)2) was synthesised in the

laboratory by reacting Ca(NC>3)2 and (NH^HPO^ The particle size was determined by

Laser Diffraction techniques. Reaction conditions were optimised to obtain >98 %

labeling yield. The labeled compound was stable for more than 72 hours. Further studies

on animals for the evaluation of the biocompatibility are planned.

Complexation studies with 90Y

^Y is a radionuclide of choice for radiotherapy. A simple ^Sr-^Y generator has

been developed by the Fuel Reprocessing Division using the 90Sr from the spent fuel.

Studies on the use of ^Y from this generator was initiated. The breakthrough of ^Sr was

tested by following the decay pattern of 90Y and no detectable 90Sr was found. The

suitability of ^Y for labeling peptides or proteins was adjudged by its complexation

using the known ligands such as DTPA and DOT A. Similar complexation studies with

the phosphonate ligands, EDTMP and CTMP (Cyclam tetramethylene phosphonate),

either resulted in unstable complexes (EDTMP) or no complexation at all (CTMP). The

DTP A and DOT A complexes of 90Y will be useful for labeling polypeptides and proteins.

1.2 Development of monoclonal antibodies against Prostate Specific Antigen

(PSA)

PSA, a protease enzyme (M.W.-30 kDa) is an excellent marker of prostate

cancer, both for the early detection of metastases as well as for screening purposes. A

sensitive PSA assay would be preferred for micro-metastasis detection while an assay

with a cut off limit of ~ 4 ng/mL will be adequate for screening purposes. PSA is found

in both free as well as bound to a-chymotrypsin & P2-microglobulin. It has been shown

tl at the ratio of free to bound PSA is of great diagnostic value in distinguishing between

the benign prostate hyperplasia (enlargement) and prostate cancer. Development of

Immunoradiometric assay for total PSA was taken up. The availability of a matched pair

of monoclonal antibodies is one of the essential requirements for the development of

IRMA of PSA

Monoclonal antibodies for PSA was successfully developed. In brief, BALBc
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mice were immunised with PSA obtained from the Institute for Research in

Reproduction. The splenocytes from these mice were separated and fused with Sp2/0

myeloma cells. The fused cells were grown in several microtitre plates in HAT medium

to facilitate only the hybrid cells to grow. The wells with healthy growing clones were

tested for the presence of anti-PSA antibody. The cells in the antibody-positive wells

were then distributed by limiting dilution technique to isolate antibody secreting single

hybridoma cells. In all, 79 antibody producing clones could be identified, although it

remains to be tested whether these are independent clones or related. All the healthy

antibpdy producing clones were propagated in-vitrd and the cells were separated and

frozen at -60°C for future use and characterization.

Some of the clones were also propagated as ascites in mice. The antibodies were

purified by ammonium sulphate precipitation for characterization. The purified antisera

showed very high titre values of 50,000 to 400,000. Research on the development of

IRMA using these monoclonal antibodies is in progress.

1.3 Syntheses of phosphonate ligands and radiochemical studies with T c

A series of phosphonate ligands viz. EDTMP, PDTMP, DMPDTMP, BDTMP

and CTMP were synthesized using different diamines and the syntheses of these have

been reported earlier. These ligands are suitable for complexing with a number of

radionuclides such as 153Sm, 166Ho, 186Re and """Tc. Radiochemical studies of these

ligands with """To were carried out with stannous tartrate as the reducing agent.

Complexation yie/^s of 90-95 % as characterized by PC/saline was observed at pH 2-3.

Biodistribution studies were carried out to evaluate its use as a skeletal imaging agent.

The results of the bio-distribution studies reveal that skeletal uptakes of the complexes

were in the range of 30-64% at 4 h post-injection with minimum residual activities in the

other organs. The residual activities were cleared through urine.

1.4 Radioimmunoassay of AflatoxinBi

As reported earlier, a RIA procedure for Aflatoxin Bi was standardised and the

assay was taken up for validation by analysing samples from different agricultural

commodities. This was done in collaboration with Food Technology Division personnel.

Routine samples, inoculated as well as spiked samples from rice, wheat, maize,
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groundnut and soyabean were prepared and supplied by the Food Technology personnel.

In all, nearly 135 samples in different dilutions were analysed by the RIA procedure as

well as by Aflatoxicometer method at Food Technology Division, which showed good

correlation in analysis.

Plain tobacco samples as well as formulations of tobacco from different

commercial brands were also analysed on request from UDCT food technology

department. Out of 20 samples, 12 samples showed the presence of AFBi. This was also

confirmed by HPTLC at UDCT.

1.5. Development Of 32P Labeled Stents For Endovascular Brachytherapy

Multicentric clinical trial of endovascular brachytherapy using 32P labeled stents

have started. Major hospitals in Mumbai, Delhi, Hyderabad and Bangalore are

participating in this programme. Seventy nine 32P coated stents were supplied during the

current year. A number of cardiologists from several hospitals are taking keen interest in

this mode of therapy. The results obtained so far are encouraging.

2. ISOTOPE STUDIES IN HYDROLOGY

Isotope studies in arsenic affected aquifers in Murshidabad, Nadia and 24

Paraganas in West Bengal showed that the shallow unconfined aquifer (depth 20-80 m)

samples have low dissolved oxygen, negligible sulphate and arsenic levels higher than

permissible levels. In most of the areas the arsenic concentration is localised and is in the

form of isolated pockets. 3H, 14C data indicate modern recharge and the recharging water

tends to leach arsenic from the arseniferous sediments. The deeper aquifer (depth >

100m) (semiconfined to confined) samples contain negligible arsenic and 3H and 14C data

show that they are generally older water compared to the shallow aquifer. Deep

groundwater in 24 Paraganas has model ages in the range of 5000 to 13000 years

showing that they are paleowaters.

Isotope study to investigate the origin and age of groundwater along

paleochannels (Saraswati river) in Jaisalmer district of Rajasthan was carried out. The 14C

values of the shallow aquifer indicate a maximum age of -4000 years. The 14C age
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matches the deteoriation of paleohydrological conditions within the desert belt from

North Africa to Thar desert after 4000 years BP.

For studying the origin of salinity of groundwater in the Puma river basin in

Maharashtra isotope techniques are being applied. Preliminary results obtained show that

evaporative concentration could be one of the causes of salinization of the groundwater.

A series of radiotracer experiments were carried out in Thane creek to understand

the dilution and dispersion of sewage disposed into the creek. The results show (i)

_£.maximum dilution factors are higher for flood tide than for ebb tide (ii) the extent of

longitudinal spread of the tracer was comparatively faster during the flood tide than the

ebb tide (iii) preferential movement of the tracer at 3 m depth was observed during both

the tides. The results of the experiments would serve as a basis for water quality planning

and further management of the area.

In continuation of an IAEA / CRP on isotope based assessment of groundwater

renewal and related anthropogenic effects in water scarce areas, soil cores collected at a

site in Banner district were analysed for environmental isotopes and chloride. The

groundwater recharge was estimated and this could be useful for proper exploitation of

the groundwater resource in such arid areas.

3. RADIOTRACER STUDIES IN INDUSTRY

To study the flow pattern of molten glass in a glass furnace of M/s. Borosil Glass

Works Ltd irradiated feed material containing 24Na was used as a radiotracer. The mean

residence time of the molten glass was found to be 51 hours. Based on the study, the

plant authorities cooled the flow path of the molten glass to increase the residence time

and enhance mixing of the molten glass in the third compartment before the glass was

drawn out. This helped in the improvement of the quality of the glass.

Further radiotracer experiments were carried out in the Sludge Hygienisation

Research Irradiator (SHRI), Vadodara, to study the hydrodynamic behavior of normal

and reverse flow, with and without recirculation. The study showed that the irradiator

could be operated at high flow rates to reduce dead pockets in the irradiator in normal

flow mode. Operation of the system in the reverse flow lead to substantial bypassing. The
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bypassing could be avoided by incorporating suitable distributor at the bottom feed line

of the irradiator.

A series of the radiotracer experiments were carried out in a trickle bed reactor

using three different catalysts to understand the hydrodynamics of the liquid phase.

Interpretation and modeling of the results showed that the (i) holdup and Pecklet No.

increase with increase in flow rate of the liquid and independent of the gas flow rate (ii)

experimentally determined mean residence time matched well with values computed by

the model. The results obtained will be useful for scale up, design and optimisation of a

full scale industrial trickle bed reactor.

A radiotracer experiment was carried out on the bed of Hoogly estuary near

Island to study the dynamics of sediment. The study is aimed at confirmation of the

selected dumping spot for the dredged spoil by Calcutta Port Trust. ^Sc as powdered

scandium glass was used as radiotracer. The radiotracer was injected on the bed of the

estuary and its spread was monitored using waterproof scintillation detectors. Preliminary

monitoring showed that the radiotracer is moving southwards i.e. towards the main sea.

4. RADIATION PROCESSING

4.1 Sludge Hygeinisation Research Irradiator (SHRI) Facility

Pathogenic re-growth have been observed in the irradiated sludge at SHRI

facility. Some of the studies undertaken to address the above problem during this year are

(i)Dose rate effects during irradiation (ii) Estimation of dead volume using radiotracer

techniques (iii) Dose distribution within the vessel by using sand collected from the

irradiated sludge as dosimeter and (iv) Inoculation of irradiated sludge with innocuous

bacteria.

4.2 Development of radiation processed super absorbent polymers

A polymer based on grafting of acrylic acid on carboxymethyl cellulose was

prepared using Co-60 gamma irradiation. A gram of polymer has been found capable of

absorbing and holding 460 gram of water. The effect of various additives like inorganic

ions, organic compounds and some substrates on absorbency have been studied.
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4.3 Development of radiation processed environment ftie^djy hydrogels

Hydrogels were prepared by grafting acryla$\i^e on cajrboxymethyl cellulose

using Co-60 gamma radiation. These hydrogels are cap^bje of selective absorption, of

basic dyes from aqueous solutions. The uptake of two dyes namely ha,sic red, a<nd basĵ c

yellow has been studied. The hydrogels are biodegradable and cquld be employed for

removal of dyes from effluents.

4.4 Electron beam processing of LDPE 'O' rings

Electron Beam irradiation of LDPE 'O' rings for high temperature applications

using ELU-6 accelerator has been commenced on commercial basis. Approximately 3.2

lakh LDPE 'O'rings from M/S. Technocraft Industries (Ind.) Ltd., Mumbai were

irradiated for exports. A 'rotating type multi-spindle underbeam conveyor' designed at

BARC has been employed for this purpose. The conveyor geometry incorporates 17

rotating spindles and moves to & fro under the irradiation zone for specified number of

passes. Each spindle can accommodate around 250 (O' rings. The process has been

standardized and an irradiation throughput of 40,000 rings/day was achieved.

4.5 Development of crosslinked polymer cables using electron beam irradiation

Electron beam technology for crosslinking different pdlymers for use as insulation

and jacketing materials in wire and cables to achieve better thermal/electrical

characteristics has been established in many countries. Indian industry is not using this

technology due to the non-availability of electron accelerators. Moreover, the present

sanctions imposed will not allow the supply of suitable accelerators from overseas. In

view of this, under Confederation of Indian industry (CII) - DAE partnership project,

BARC has extended its help to the Cable Corporation of India (CCI) to develop electron

beam crosslinked small cross-sectional low voltage cables using the existing ELU-6

accelerator at BARC. Studies on developing suitable formulations and irradiation

parameters are underway. Necessary hardware for EB processing is being installed in the

accelerator facility.
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5. ISOTOPE TECHNIQUES FOR NON-DESTRUCTIVE TESTING

5.1 Gamma scanning of various types of column

Gamma scanning was carried out for Gujarat Narmada Valley Fertilizers

Corporation Ltd., (GNFC), Bharuch on the H2S absorption tower, Carbon dioxide

desorption tower, Methanol refining column, H2S concentration columns, H2S

regeneration columns and Depropaniser columns.

Gamma scanning was also carried out for Reliance Industries Ltd., Patalganga on

the oxidation reactor overhead loop which consisted of oxidation reactor, reactor

condenser separator, reactor condenser separator to oxidation reaction pipeline,

condenser separating drum to oxidation reactor pipeline. Vessel to oxidation reactor,

purification reactor vessel and condenser separating drum.

5.2 Refurbishment of fogged radiation shielding windows of HIRUP Hot cell

Radiation shielding windows of HIRUP hot cell facility are fogged due to long time

exposure to radiation resulting in loss of light transmission, since the windows comes

under export control regime there was concern for the availability of new windows, in

collaboration with project engineering and system development division special fixtures

and tools for extraction and assembly of the refurbished windows were fabricated and 2

windows have been refurbished, two fogged windows will be replaced with these

refurbished windows in April 1999

6. HUMAN RESOURCES DEVELOPMENT ACTIVITIES

Two IAEA fellows Mr. F.B.A. Maroof and Mr. Md. A. Islam were trained in the

field of radiotracer and sealed source application in industry for a period of 3 months and

4 months respectively. They received lectures, participated in laboratory experiments and

field studies at SHRI Vadodara, IIT Delhi and BOROSIL glass works, Mumbai.

An IAEA fellow, Mr. Getnet Beyene Gebrie from Ethiopia completed a four
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month training on the production and quality control of RIA kits.

A UNDP/IAEA/RCA regional field Training Course on 'Application of Isotope &

Chemical Techniques to Groundwater Problems' was conducted during Nov. 30 - Dec.

11, 1998. 18 participants within the Asia & Pacific region attended the course.

Four batches of the training courses on "Radiography Testing, Level -2" was

organised during the year 1998. The first course N was held at Regional Testing Centre,

Mumbai during Feb-March 1998. 34 candidates attended of which 25 were successful.

The second course was held at the Mechanical Engineering Research and Development

Organisation (MERADO), Chennai during September 16 to October 13, 1998. 24

candidates attended the course of which 18 were successful. The third training course was

organised at Narora Atomic Power Station, Narora during November 16 to December

11, 1998. 25 candidates attended the course of which 19 were successful. The fourth

batch of the training course was organised at Regional Testing Centre, Mumbai during

December 21,1998-January 19, 1999.

Two batches of the training course on "Radioimmunoassay and its clinical

applications" was conducted during this period. One of the courses was held at the

Institute of Medical Technology, Surat during March '98. 21 participants from various

institutions in India were trained in this cours;. The participants included 14 doctors, 6

paramedical staff and one from University. The second batch of the training course was

held at BARC during November, 1998. 22 participants including 15 doctors, 4

paramedical staff, 2 university students attended the course.

Expert Services in the field of 'Isotope Applications were provided to IAEA at

Mongolia, Algeria, Srilanka and Bangladesh by Isotope Division.

7. MEETINGS/CONFERENCES ATTENDED

• Dr P.G. Benny attended an international symposium on 'Techniques for high dose
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dosimetry in industry, agriculture and medicine: held at Vienna, Austria during Nov

1998

Shri A.S. Pendharkar attended the first research coordination meeting of the CRP on

Radiotracer technology for engineering unit operation studies and unit operation

optimization at IAEA, Vienna during April 1998.

First Research Coordination meeting of IAEA CRP on "The application of isotope

techniques to the assessment of aquifer systems in major urban areas" was held at

Homi Bhabha Centre for Science Education, Anushaktinagar during September,

1998. Eight participants from Australia, China, Germany, India, New Zealand,

Senegal, South Africa, and United Kingdom attended the meeting. Shri U.K. Sinha

participated in the meeting.

Dr. S.V.Navada attended the second research co-ordination meeting of the CRP on

Isotope based assessment of groundwater renewal and related anthropogenic effects

in water scarce areas at Sfax, Tunisia during November, 1998.

Dr. S. M. Rao, S.V.Navada, Dr. K.Shivanna, and Shri K.M.Kulkarni attended an

advisory group meeting on the integration of isotope techniques in water resources

investigation in the Asia-Pacific Region, November 1998, CWRDM, Kozhikode,

Kerala.

Dr. S.V.Navada attended a workshop on groundwater development trend and its

related issues in Maharashtra state in Nagpur during October 1998.

Dr. K. Shivanna attended a national symposium on 'Late Quaternary Geology and

Sea Level Changes' in Cochin University, Cochin, during November, 1998.

Shri Noble Jacob attended an 'International Conference on Environmental Science'

(ICES 98) organised by RRL, Trivandrum during December 1998.

Dr. K. Shivanna attended an international conference on Environment and Health at

Bangalore, December 1998.

Dr. S. M. Rao, Shri Gurusharan Singh and Shri H.J. Pant attended one day seminar

on 'Consultancy in Commercial Applications of Radioisotope Technology in Process
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Industry' held at Indian Habitat Centre, New Delhi on December, 1998.

• Shri A.R. Nair and Dr. S.V. Navada attended a meeting on reconstruction of

paleodrainage network of Western Rajasthan during October 1998 at Regional

Remote Sensing Centre, Jodhpur.

• Shri H.J. Pant and Shri Sabharwal attended UNDP/IAEA/RCA project formulation

meeting on 'Clean and energy efficient production processes' at Kaula Lumpur,

Malaysia during November 1998.

• Shri P.B. Walinjkar was deputed to Hanoi, Vietnam for one week in September 1998

for attending IAEA Workshop on Nuclear gauges.

• Dr. V. Meera chaired a session in the International Conference 'Modern Trends in

Radiopharmaceuticals for Diagnosis and Therapy', held at Lisbon, Portugal, 1998.

• Dr. M.R.A. Pillai attended a research co-ordination meeting of the Co-ordinated

Research Programme on "Development of radioactively labeled cancer seeking

biomolecules for targeted radio therapy" held at Milan, Italy in July, 1998.

• Dr M.R.A Pillai, K. Kothari, Dr Grace Samuel, Smt Aruna Korde and Ms C. Usha

attended the Society of Nuclear Medicine Conference held at AFMC, Pune during

December 1998

8. MISCELLANEOUS

• The following equipment was supplied to Bangladesh Atomic Energy Commission,

Dhaka and Srilanka

Liquid Injection System - INo.

Gas Tracer Container -1 No.

Methyl Bromide gas production apparatus - 1 No.

• T3-BSA and T4-BSA conjugates and antisera for T3 and T4 were supplied to Egypt

against an IAEA order.

• Antiserum sufficient for nearly 8000 RIA kits was prepared and supplied to the Board

of Radiation and Isotope Technology for the production of RIA kits.
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9. PUBLICATIONS

9.1 Books published

1. Radioimmunoassay, Principles and Practice - Third Revised Edition

M.R.A. Pillai, S.D. Bhandarkar

Book published by the Bhabha Atomic Research Centre, Bombay, India, 1998

9.2 Papers published in Journals/ IAEA proceedings

1. Sand as in situ TL dosimeter in radiation hygienisation of sewage sludge.

P.G. Benny and B.C. Bhatt.

Proceedings of International symposium on techniques for high-dose dosimetry in

Industry, Agriculture and Medicine held in Vienna, Austria during Nov 2 to 6,

1998. IAEA-SM-356/1

2. Drinking water salinity problem in coastal Orissa, India - Identification of post

transgressions of sea water by isotope investigation

KM. Kulkarni, S.V. Navada, A.R. Nair, S.M. Rao, K. Shivanna, U.K. Sinha,

S.Sharma,

Proc. Int. Symp. on isotope techniques in the study of past and current

environmental changes in the hydrosphere and the atmosphere, IAEA 293-306

(1998)

3. Synthesis and characterization of ligands and bifunctional chelating agents by

modification of cysteine for complexation studies with ""Tc

M.R.A. Pillai, K. Kothari, S. Banerjee, G. Samuel, M. Suresh and H.D. Sarma

In 'Modern Trends in Radiopharmaceuticals for Diagnosis and Therapy' IAEA

TEC-DOC-1029, IAEA, 157-178,1998.

4. Preparation of mIUdR and its evaluation as a potential therapeutic agent in

animal tumour model

A.Korde, M. Venkatesh, H.D. Sarma, S. Banerjee, M.R.A. Pillai

In 'Modern Trends in Radiopharmaceuticals for Diagnosis and Therapy'

TEC-DOC-1029, IAEA, 437-454,1998.
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5. Preparation of monoclonal antibodies against cardiac myosin and some

radiolabeling studies

K.Bapat, M. Venkatesh, H.D. Sarma, M.R.A. Pillai and K.B. Sainis

In 'Modem Trends in Radiopharmaceuticals for Diagnosis and Therapy',

TEC-DOC-1029, IAEA, 97-110, 1998.

6. Preparation of 186Re complexes of dimercaptosuccinic acid and ethylidine

diphosphonate

K.Kothari, M.R.A, Pillai, P.R. Unni, A.R. Mathakar, H.H. Shimpi, O.P.D.

Noronha, A.M. Samuel

In 'Modern Trends in Radiopharmaceuticals for Diagnosis and Therapy',

TEC-DOC-1029, IAEA, 539-555,1998.

7. Determination of recent sedimentation rates and pattern in lake Naini, India, by
210Pb and 137Cs techniques

U.Saravanakumar, S.V. Navada, S.M. Rao et al

Applied Radiation and Isotopes (In press).

8. Technetium-99m complexes of polydentate amine-pyrrole and amine-

thiophene ligands

M.R.A. Pillai, G. Samuel, S. Banerjee, Boby Mathew, H.D. Sarma et. al

Nucl. Med. Biol. (In Press)

9. Synthesis of heptadentate (N4O3) amine-phenol ligands and radiochemical studies

with Technetium-99m

MR. A. Pillai, K. Kothari, Boby Mathew, N.K. Pilkwal et al.

Nucl. Med. Biol. (In Press)

10. Preparation, stability studies and pharmacological behaviour of [I86Re]Re-HEDP

K.Kothari, M.R.A. Pillai, P.R. Unni, H.H. Shimpi et. al.

Appl. Radiat. Isot. (In Press)

11. Preparation of [l86Re]Re-DMSA and its bio-distribution studies.

K.Kothari, M.R.A. Pillai, P.R. Unni, H.H. Shimpi et. al.

Appl. Radiat. Isot. (In Press)

12. Radiochemical studies of 99mTc complexes of modified cysteine ligands and

bifunctional chelating agents.
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M.R.A. Pillai, K.Kothari, S. Banerjee, H.D. Sarma et al.

Nucl. Med. BioJ. (In Press)

13. On the Synthesis, isolation and radiochemical studies for the preparation of in-

house kits for Tc-99m-meso and d,l-HMPAO : A few additional observations

S. Banerjee, Grace Samuel, K.Kothari, H.D. Sarma, M.R.A. Pillai

Nucl. Med. Biol. (In Press)

14. Studies on 99mTc complexes of functionalised propylene amine-oxime (PnAO)

ligands.

M.R.A. Pillai, T. Kilcoin, K.Kothari, N. Ramamoorthy, Ramji Lai et. al.

J. Labelled Compounds and Radiopharmaceuticals (In Press)

15. Optimisation of the preparation of 153Sm-EDTMP using natural samarium targets

for clinical use

Mythili A. Majali, A.R. Mathakar and H.H.Shimpi

J. Radioanal. Nucl.Chem. Articles (In Press)

16. Preparation of 105Rh labeled monoclonal antibody (MAb B72.3) using

aminobenzylpropyleneamineoxime as the bifiinctional chelating agent:

comparison to l3lI labeled MAb B72.3

Meera Venkatesh, Schlemper E.O, Jurisson S.S, Ketring A.R et. al.

Radiochim. Acta (In Press)

17. Mycotoxins: Immunological Techniques for Detection and Analysis

A. Sharma and MR. A.Pillai

Encyclopedia of Food Microbiology, Arnold (In Press).

9.3 Papers presented in Conferences

1. Studies on the efficacy of 125IUDR as a loco-regional therapeutic agent

A. Korde, M. Venkatesh, H.D. Sarma, S. Banerjee and M.R.A. Pillai

30th Annual Conference of the Society of Nuclear Medicine, India, Pune,

Indian. J. Nucl. Med, 13, 152, 1998

2. A solid-phase radioimmunoassay for aflatoxin Bl

C. Usha, A. Korde, M. Venkatesh and M.R.A. Pillai

30th Annual Conference of the Society of Nuclear Medicine, India, Pune,
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Indian. J. Nucl. Med, 13, 156, 1998

3. A novel "To-complex of N2S2 ligand for use as a potential bi-functional

chelating agent.

G. Samuel, S.Banerjee, H.D. Sarma and M.R.A. Pillai

30th Annual Conference of the Society of Nuclear Medicine, India, Pune,

Indian. J. Nucl. Med, 13, 153, 1998.

4. Synthesis and radiolabelling of cysteine derivatives and pharmacological

behaviour of their " T c complexes

K. Kothari, S. Banerjee, H.D. Sarma and MR. A. Pillai

30th Annual Conference of the Society of Nuclear Medicine, India, Pune,

Indian. J. Nucl. Med, 13,151, 1998

5. Studies on the preparation of 1S3Sm-PDTMP complex as a potential therapeutic

agent for bone pain palliation

M.A.Majali, A.R. Mathakar. S. Banerjee G.Samuel, and M.R. A Pillai

30th Annual Conference of the Society of Nuclear Medicine, India, Pune

Indian. J. Nucl. Med, 13, 155, 1998.

6. Investigation of hydrodynamic behaviour of jet loop reactor using radioisotope

tracer technique

Sadhana Mohan, H.J.Pant, V.K.Tangri, S.V.Navada

Proc. Intl. Conf. On Applications of Radioisotopes and Radiation in Industrial

Development, 339-341, Mumbai February 1998.

7. Measurement of circulation time, mixing time and flow rate in gamma irradiator

for sludge hygienisation using radiotracer technique

H.J.Pant, P. Walinjkar

Proc. Intl. Conf. On Applications of Radioisotopes and Radiation in Industrial

Development, 342-345, Mumbai February 1998.

8. Radiotracer study to investigate the dilution and dispersion of sewage off Worli

coast

V.N.Yelgaonkar, A.S.Pendharkar, S.M.Agashe, U.S.Kumar, S.V.Navada,

U.P.Kulkarni, G.N.Mendhekar

Proc. Intl. Conf. On Applications of Radioisotopes and Radiation in Industrial
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Devejppment, 350-354, Mumbai February J998.

9. Envircmnjpptal isotope study for a dewaterjng operation at Jhamarkotra Mjne,

RajjMhan

K.M.KuJkarni, K.Shivanna, Suman Sharma, A.R.Nair, U.P.Kulkarnj, U.

S.V.Navada,

Proc. Intl. Conf. On Applications of Radioisotopes and Radiation in Industrial

Development, 355-358, Mumbai February 1998.

10. Studies on Jhe concentration levels of arsenic in groundwaters of West Bengal

S.V. N. Bh^skar Rao, S. M. Marathe, Savanna .K., Navada. S. V.

National Symposium on Environmental Geochemistry, June 1998, af Qsmania

University, Hyderabad. :

11. Groundwater recharge and salinisatjon studies in parts of Maharashtra using

isQtbpic techniques

S.V.Navada

Proc. Workshop on, groundwater development trend and its related issues in

Maharashtra state, Oct. 30,1998 U - 7.

12. Radiotracer studies and modeling of pollutant dispersion characteristics in Thane

creek.

V.N.Yelgaonkar, et.al.

Proc. International Conference on Environmental Science (ICES 98)

13. Radiotracer investigation and modeling of dispersion of sewage in coastal

environment: Case studies

V.N.Yelgaonkar, et.al.

Proc. International Conference on Environmental Science (ICES 98)

14. Isotope geochemical evidences of groundwater salinity and environmental change

in the east coast of India

KShivanna, S.V.Navada, A.R.Nair, K.M.Kulkarni, S.M.Rao

Proc. national symposium on 'Late Quaternary Geology and Sea Level Changes'

Nov. 4-6, 1998

Shri Gurusharan Singh is one of the editors of the book "Applications of
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Radioisotopes and Radiation in Industrial Development" ICARID-98 (Editors : D.D.

Sood, A.V.R.Reddy, S.R.K. Iyer, S.Gangadharan,and Gurusharan Singh)

Dr. M.R.A. Pillai edited the following Bulletins published by the Indian

Association Nuclear Chemists and Allied Scientists (I). Preservation of Food by Ionizing

Radiations (Guest editor A.K.Sharma). (ii) Nuclear Fuel Reprocessing (Guest editor Dr.

P.R.V. Rao)

9 ACADEMIC ACHIEVEMENTS

Shri V.N.Yelgaonkar was awarded Ph. D. degree by University of Mumbai for his

thesis entitled 'Isotope Tracer Techniques in Studies on Flow Dynamics'. The research

was carried out under the guidance of Dr. M.R. Iyer.

Shri K.L.N. Rao was awarded Ph. D. degree by University of Mumbai for his

thesis entitled 'Inorganic Exchanger and Radioisotope Separation'. The research was

carried out under the guidance of DrJ.P. Shaklee.

Shri P.G. Benny was awarded Ph. D. degree by University of Mumbai for his

thesis entitled 'Study on thermoluminescent characterisation of sand and its application

as an in situ dosimeter in disinfection of sewage sludge in high intensity gamma

irradiator'. The research was carried out under the guidance of Dr. B.C. Bhatt

Shri Boby Mathew of the Radiation Safety and Systems Division was awarded the

Master of Science degree in Chemistry for the thesis titled "Complexation studies of

"""To with heptadentate ligands for application in radiopharmaceutical chemistry" by the

University of Mumbai. The research was carried out under the guidance of Dr. M.R.A.

Pillai.

Smt. Manju Suresh of the Radiation Safety and Systems Division submitted a

thesis titled "Studies on the preparation and characterization of ""Tc complexes for
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radiopharmaceutical application" to the University of Mumbai, for the Master of Science

Degree in Chemistry 1998. The research was carried out under the guidance of Dr.

M.R.A. Pillai.
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KALPAKKAM REPROCESSING PLANT, KALPAKKAM

Major Achievements

COMMISSIONING ACTIVITIES AND PLANT OPERATION

For the first time, the design aspects of a reprocessing plant were subjected to
review from safety angle by Atomic Energy Regulatory Board (AERB) which called for
extensive and repetitive testing of a majority of components and sub-systems in the
presence of different Working Groups constituted by AERB for this purpose.

Upon successfully establishing the performances, stage- wise clearances were
obtained from Advisory Committee for Project Safety Review (ACPSR) and the plant
subsequently reached the production phase. During the process, all the modifications
proposed by different Working Groups were carried out mostly deploying the departmental
man-power and partly employing out-side contractors.

FUEL HANDLING AREA

A few consignments of spent fuel were received and stored in specified locations,
continuously monitoring the quality of the pond .water. After carrying out trial chopping
operations, a few batches of Cold fuel was successfully dissolved.

Spent fuel bundles were chopped during the visit of Prime Minister of India, on
15.09.98 after successfully demonstrating all the operations pertaining to Fuel Handling,
namely fuel charging, chopping, dissolution, hull-collection, hull tilting and loading of hull
drum into hull cask, to the Working Group and ACPSR.

1.1.2.PROCESS OPERATION

The following major activities were completed before the entry of the plant into Hot
Commissioning phase

• Completion of Integrated Transfer system trials for checking the
performances of transfer-system components earlier calibrated during water
trials.

• Completion of pulsing studies for the columns in process cycles.

• Introduction of Acid and TBP into the process sub-systems and
establishment of organic run for 2D and 3D cycles to carry out the density
correction adjustments in the calibrated values.

• Subjecting all the process cycles to a Cold Uranium run for checking the
performances of transfer-system components and for fine-tuning the
operational ranges of all the instruments.

• Checking of the performances of 2A and 3A cycle interlocks and the
interlock between Process Cooling Water (PCW) and Low Pressure (LP)
steam for dissolver with respect to their functions.

The irradiated chopped fuel was dissolved and subsequently the dissolved solution
was taken to Feed clarification system, en-route the processing of the same in the first
cycle accomplishing the regular operation of the plant. Prior to transferring the solution for
Feed clarification, mock-up trials of filters were successfully completed.
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PLUTONIUM RECONVERSION LAB

Simulating the normal operating conditions after carrying out area-ventilation
balancing and establishing the requisite linear flow rates across fume-hoods and MS
enclosures, the Reconversion Lab. was kept in readiness to take up the ultimate processing
of the Plutonium solution from the process cells.

SAMPLE BOTTLE TRANSFER SYSTEM

All the Sampling points in twenty Sampling Blisters were repeatedly checked for
their performances and the Sample Bottle Transfer System was kept in readiness for
receiving samples in Glove Boxes. Parallelly standardisation for the estimation of DBP and
TBP using TCD detector in gas chromotography, standardisation of analytical methods for
the estimation of Uranium and calibration of Spectrophotometer using Pottasium Chromate
standards were completed for the on- line assay of process solutions from various process
equipments.

URANOUS AND TANK SPACE AREA

The electrolysers in Uranous area were operated and checked for their
performances after carrying out maintenance of pumps. The NO2 reactors were operated
and their performance were found to be satisfactory. During the trial production of Uranyl
Nitrate solution, with a view to minimise the down-time, plans were cast to introduce
additional pumps in the electrolyser circuits.

WASTE DISPOSAL SYSTEMS

Hold-Up Tank and Delay Tank with their associated systems which were pressed
into service at the start of the commissioning phase, were utilised for the safe hold-up and
transfer of low active liquid waste to CWMF for suitable dilution and disposal.

Similarly after successfully confirming the performances of the transfer-system
components and the instrumentation back up, WTF was kept in a state of readiness to
receive medium and high active wastes from the process cells. All the performance checks
of the sampling points in six sampling blisters were checked. The ventilation requirements
of the WTF were also established.

PUMP HOT CELL

The innovative concept of Pump hotcell with the view to cut down Man-rem
exposures was successfully given a shape and the performance of all the remote-head
pumps as well as the ventilation requirements of Hotceli area were all checked and kept in
operating conditions.

UTILITY SYSTEM

Adequately taking care of the preventive maintenance aspects, the following utility
systems were operated on RTC shift basis to meet the plant operation requirements:

- Supply and exhaust fans and exhaust blowers for cells.
- A/C plant and AHUs.
- Sub stations A&B and DG sets
- Intercomm and EPABX
- Boilers and Air compressors
- Off-gas and negative pressure systems
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REGULATORY REQUIREMENTS

During various commissioning trials, the data generated were submitted to Working
Groups, confirming the performances with respect to the Technical Specifications.
Necessary clearances from AER6 were obtained for processing 25 batches of spent fuel.

UCENSING

Subsequent to the preparation of check lists for different levels of O&M staff, most
of the O&M personnel underwent checklist, walk through and oral viva-voce tests and
declared licensed for operating the plant.

SAFETY RECORDS

Highest standards of safety were maintained during the hot commissioning and the
production phases with a reported loss of only four man-days. All first-aid requirements
were maintained in operating areas as per the stipulations in vogue.
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LANDSCAPE & COSMETIC MAINTENANCE SECTION

Major Achievements

This Section is responsible for planning, developing and

maintaining a clean and aesthetically pleasant environment in

this Centre as well as at BARC Housing Colony and Plant Site at

Tarapur, Dist. Thane. During the year, approximately 5,000

sq.m. area at Trombay was improved by landscaping. Afforesta-

tion on Trombay Hills was done by planting about 50,000 saplings

which were raised in the nursery. Two small Polyhouses and two

Shade net houses were erected for raising better qualities of

flowers and indoor foliage plants. Twelve varieties of green-

house Roses, Gladiolus and Gerbera were introduced.

Technical advice for landscaping various DAE units such

as NFC, Hyderabad, NAPP, Narora, 'POTON' Project, Lasalgaon,

Dist. Nashik, etc. was given.

Cosmetic maintenance of buildings and roads, collection

and incineration of combustible garbage was carried. Conversion

of organic waste into manure using VERMICULTURE & N.B.Comp.Cult

technology was done on experimental basis. Services as horticul-

tural experts for judging different exhibits of Flower Shows

organised by the National Society for Friends of the Trees,

Mumbai Rose Society, Brihanmumbai Municipal Corporation, etc.

were offered. Various lectures on Horticulture were delivered to

Mumbai University, Brihan Mumbai Mah»ainagarpal i ka and in BARC.

230



LASER & PLASMA TECHNOLOGY DIVISION

Major Achievements

Laser and Plasma Technology Division is engaged in the research and development
of high power laser, electron and plasma beams and their applications in specialised areas.
This report gives some of the significant achievements made during 1998.

LASERS

Studies on lasers are related to the basic processes, development of devices and
technological applications.

Gas Lasers

An electron beam controlled CO2 laser, developed indigenously, has been operational
for the last few years. Recently the associated electronic system was revamped to improve
the system performance. The Marx-Bank generators were replaced with Blumlein pulse
generators. The replacement resulted in increasing the width of the laser pulses from 0.3p.s
to 4.3ns and enhancing the life of the Aluminium window by an order of magnitude. The
system is working satisfactorily after the electron beam pulse of 120 kV and main discharge
pulse of 45 kV were synchronised. This system in the present form can be used to amplify
single longitudinal mode input pulses to an energy level of a few joules.

A new scheme for enhancing the performance of a hot band CO2 laser was proposed
on the basis of numerical calculations. For experimental verification, a high Q cavity
comprising of a gold mirror and a concave diffraction grating for coupling the output through
the zeroth order was constructed. In the cold condition, as the normal band lines from
10P(20) to 10P(56) were tuned, the power slowly dropped. In the hot condition, on the other
hand, we could obtain lasing on 10P(56) and 10P(20) and a few high gain lines in the
neighborhood of 10P(20), an indication of the reduction of normal band gain with increasing
temperature. The 10P(56) normal band line has a strong overlap with P(23) line of the hot
band. At an elevated temperature, gain on this hot band line increases and 10P(56) line can
still lase by taking advantage of this anomalous gain. The other neighbouring lines could not
survive as they did not have any overlapping hot band lines.

Tunable Lasers

Motivated by the several advantages of water-surfactant mixture over alcohol as a
solvent for dyes in dye lasers, investigations were continued to establish the viability and
utility of this alternative solvent. While dye laser oscillator efficiency with water was found to
be comparable to that with alcohol, an important advantage of water for high power dye laser
systems, viz., its superior thermo-optic property, was experimentally demonstrated using
photo-thermal deflection and Z-Scan techniques.

Photo-thermal deflection detects the deflection of a probe beam by the thermally
induced refractive index gradient, set up in the excited dye region due to absorption of the
focused pump laser beam. It was observed that with water, the deflection was much smaller
and was homogenised 3 to 4 times faster than with alcohol. The same techniques could be
used with some modifications to determine a design parameter - viz., the flow profile of the
dye solution through the constricted rectangular flow channel (0.5/0.3 mm x 10 mm) in the
dye cell.
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The Z-Scan technique consists of probing the change in the non-linearity, induced by
a focused laser beam, that leads to a variable de-focusing of the beam transmitted through
the sample as the sample is translated through the focus. In this case, the non-linearity
arises due to the thermally induced refractive index changes caused by absorption of an
inhomogenous laser beam in the sample. In terms of a figure of merit defined for quantifying
the tnermo-optic characteristics of dye laser solvents, the water-surfactant mixture was found
to be 8 times better than ethanol. In practice, this implies that fluctuation in beam profile or in
wavelength of the output of high repetition rate dye lasers will be much less with water.

An injection seeded, single-longitudinal-mode Nd:YAG laser was installed in a new
laboratory room. An OPO based on a BBO crystal, with its output tunable over 466 nm to 678
nm for the signal wave (corresponding to 1.48 urn to 744 nm for the idler wave) was
demonstrated at a maximum energy conversion efficiency of 12%. Comparative study of
OPO performance with pumping by unseeded multi-longitudinal-mode pump laser and
seeded single-longitudinal-mode pump laser revealed the advantages of the latter in
reducing intensity fluctuations (from ±40% to ±5%), temporal jitter, fluctuations in OPO pulse
shape, and in increasing the efficiency.

The fabrication and assembly of an indigenous CW single mode dye laser cavity was
completed. The standing wave CW dye laser cavity is based on a non-oollinear three mirror
folded cavity design. A fourth mirror focuses the incoming pump beam (argon ion laser) into
the gain medium (Rh 6G in ethylene glycol) which is a high velocity horizontal dye jet. Lasing
action in the cw dye laser cavity was achieved by focusing of the pump beam (argon ion
laser, 5W all line) into the horizontal, fast flowing dye jet stream. The intracavity reflection
losses were minimised by positioning the jet at Brewster angle with respect to the dye laser
beam and by careful alignment of the folding mirror, pump mirror and the end mirror. The
size of the fluorescent spots of the dye jet focused by the folding mirror and end mirror were
minimised and coincided.

Solid State Lasers

A 10 Giga Watt (1010 Watt, energy-1 Joule, pulse duration-1010s) Ndglass laser
system has been successfully completed and commissioned during the year. This is the first,
completely indigenously developed high energy, ultrashort pulse duration laser in the
country. The focused laser intensity on the targets is 1012-1014 Watts/cm2. This laser has
been designed and fabricated on the basis of the well known Master Oscillator- Power
Amplifier (MOPA) architecture. In this design, a single pulse of 100 picosecond duration is
switched out of the mode locked pulse train from the Master oscillator. This pulse is then
sequentially amplified through a chain of four amplifiers of increasing diameters and input
electrical energies to give a total gain of 5 x 10s. Various diagnostics have also been
developed for recording spatial and temporal intensity profiles of the laser pulse. The spatial
profile is monitored using a CCD camera and a frame grabber with a PC. An optical streak
camera with 20 psec temporal resolution is used to measure the temporal profile of the laser
pulse. Complete power electronics, control electronics as well as the electronics needed for
the diagnostic setups has been developed indigenously.

Development of a interferometric system based on the reflected laser probe signal
from thre rear side of a laser shocked target to determine the particle velocities has already
been reported. However, in most of the shock experiments, target rear need not be reflective.
To overcome this problem a Velocity Interferometer System for Any Reflecting type of target

232



(VISAR- a modified version of a Michelson's interferometer) has been designed and
demonstrated using a He-Ne laser as the probe beam. .In this version, in order to avoid
disturbances to the interference fringes in a hostile environment, the laser and the scattered
return signal were both propagated through low loss optical fibres of suitable core diameters.

Laser Photochemistry

The investigation of intensity and pressure effects on infrared multiple photon
dissociation (IRMPD) of CF2HCI has essentially been completed with temporally modified
pulses generated from a TEA CO2 laser using a simple and inexpensive plasma shutter
device. Our results show that, for Carbon -13 it is possible to achieve highly selective
dissociation even upto a sample pressure of 250 Torr by 40 ns pulses under appropriate
conditions.

A fairly reasonable modelling has been done to correlate the selectivity with
vibrational to vibrational ( V-V ) energy exchange rate constant, total gas pressure and laser
pulse duration. By fitting the experimental results to this model, it was possible to arrive at a
general condition for optimising various experimental parameters. By changing the laser
pulse duration appropriately we can affect the contribution of V-V exchange on the measured
value of selectivity and hence vary the dependence of selectivity on pressure. An estimate of
V-V energy exchange rate constant from these measurements was found to be 106 Torr*1 s'1

which is typically the value for a small molecule like CF2HCI.

In IRMPD process, the quantum yield (1/Q) and the photoproduct yield are sensitive
to the laser fluence and to the transverse beam profile. We have obtained the dependence of
the dissociation yield and the quantum yield on the irradiation geometry of the waveguide
reactor assuming optically thin condition where the sample absorption is less and using flat
transverse beam. Using power law model to describe the dissociation probability and
absorption coefficient for each isotopes, analytical expressions for these two yields were

derived. These expressios have been used in the context of 1 3C/1 2C and T/H separation.
The analysis shows (i) As the length of the WG portion increases Q decreases, (ii) The value
of the critical fluence and y parameter have no significant effect on the value of Q. (iii) When
selectivity increases, Q decreases and hence the quantum yield increases. Similarly when
the minor isotope content is increased Q value decreases.

Studies on the CO2 laser - induced breakdown in various gases like He, Ar and N2

were further continued. For an incident energy of 1 J, the results show that the pulse width
gets shortened to about 30 - 35 ns for all the three gases for pressures above 250 Torr.
However, at these high pressures, energy efficiency (i.e. ratio of output energy to input pulse
energy) is very low. For example, at 250 Torr, it is about 23 % for helium, 16 % for nitrogen
and 12 % for argon. In all these studies it was seen that the pulse duration falls very steeply
from the normal value of around 80 ns to about 30 - 35 ns with pressure. Studies are
underway to obtain pulse durations of intermediate values with better efficiency by altering
input pulse energy

Laser-Plasma Interactions

The velocity distribution of ions and anisotropy of kinetic ion-temperatures in laser
plasma experiments have been measured using a 200mJ-5ns Nd.YAG laser. From the
experimental results and their analysis it was observed that the velocity distribution function
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of the ions departed significantly from a Maxwellian One and the ion-temperatures of the
expanding plasma were found to be highly anisotropic leading to the conclusion that the
energy-equipartition between electrons and ions has not taken place. Under the same
experimental conditions, the average ionization state of the plasma produced from slab
targets of carbon, aluminum, titanium, nickel, molybdenum and tantalum were estimated.
From the experimental results and from physical considerations, one is inclined to consider
the possibility of recombination processes quenching the ionization states faster before
detection as one goes higher and higher values of the atomic number of the target element.

Laser Cooling

Current activities in the laser cooling programme consist of work aimed at the
demonstration of spherical quadrupole trap and magneto-optic trap. The design, fabrication
and field mapping of spherical quadrupole trap was completed. This trap consist of two coils
carrying opposing currents and placed in a prescribed configuration. This trap has a single
centre where the field is zero and allows an easy optical access. The coil configuration was
arrived at by numerical simulation of the magnetic fields and gradients. For mapping of the
magnetic field generated by this coil configuration, a special x-y-z jig to hold the Hall probe
was fabricated. With 10 A of current passing through the coils, the magnetic field was
mapped. The gradient in the radial and axial direction was found to be linear and same.
Magneto-optic trap (MOT) is a vital component in studies on laser cooling and trapping. MOT
provides an inexpensive and simple way of producing cooled and trapped atoms. MOT
consists of a spherical quadrupole magnetic field superimposed on a quartz vapor cell which
is connected to an UHV system (ion pump + turbo molecular pump). The quartz cell was
indigenously designed and fabricated and consists of a "double cross" having six optical
ports along the Cartesian co-ordinates, two optical ports for diagnostics of the laser cooled
atoms and a vacuum port. The superimposed spherical quadrupole field is generated by two
identical coils placed in a given geometry and has been tested earlier.

A vibration isolation platform was assembled and tested. The position of the platform
was sensed at three points by pneumatic switches. The natural frequency in the vertical and
horizontal directions of the platform was observed to be 1.5 Hz and 1.7 Hz respectively. With
400 Kg of platform load, 10|xm of positional accuracy was achieved. During testing of
isolation, 2-3 litre loss of gas per day was observed. The vibration isolation platform has
been used to mount MOT.

Laser Applications

The performance of the Laser Scan Gauge developed in the Division has been
improved with better components and software. It is now being offered for Technology
Transfer. The instrument has been demonstrated to a team of experts and a presentation on
the instrument was done to the committee of TTICD. The Technology Transfer fee of Rs.1
Lakh was decided and it was suggested to advertise this on internet and by writing letters to
prospective buyers. The instrument was also displayed during the Prime Minister's visit to
BARC during August 98.

It is proposed to design an infrared transmitter/receiver instrument using a principle of
absorption of infrared light with a cloud of steam in between. The absorption of light is
proportional to the density of steam which is indicated by a receiver output. A preliminary
experimental setup has been arranged and the feasibility of the instrument has been
demonstrated with steam leakage of about 100 cc/hour. Based on the observations, a
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scheme of the instrument has been worked out. The receiver optics has been modified to
make it more sensitive. The mechanical design has been decided to make it more compact
and minimize the effect of relative vibrations between retro-reflector and the Tx/Rx
instrument

The earlier Nd.glass laser used for micro drilling application has been replaced by a
newly developed single shot/ repetitively pulsed Nd:YAG laser operated in free running/ Q
switched mode. This laser consists of a 10mm diameter, 165mm long Nd;YAG rod pumped
by 2 nos. of Xenon filled flash lamps in a ceramic , elliptical cavity. The maximum electrical in
put energy to the flash lamps is about 450 J. Several laser parameters, which are important
from the point of view of laser micro drilling, have been optimized. The laser is observed to
operate with an optimum slope efficiency of 4 % giving an out put energy of 20-30 J. The
power density is 106- 107 W/cm2. for the focal spot diameter of 100- 200 microns. A micro
processor controlled stepper motor driven x-y table with 100 micron resolution has been
installed for target mounting. An on line optical viewing system consists of a relay system
which images the target plane on to the object plane of a microscope . The microscope
image is captured by a CCD camera and displayed on a monitor with an over all
magnification of 200. This set up is now capable of drilling any desired pattern / array of
micro pin holes diameter varying from 50-200 microns.

PLASMAS

The studies on plasmas relate to the basic processes, development of devices and
technological applications of thermal plasmas. A variety of plasma devices for specialized
applications in the power range 30-300 kW operating both transferred and non-transferred
arc modes are under development.

Plasma Device Related Activities

Under the high power torch development program, the objective during the year was
to develop an air operated, vortex cum magnetically stabilised, hollow cathode plasma beam
torch with power capabilities up to at least 100 kW. In addition, the static and dynamic
characterisation of this torch correlated to various fundamental physical processes taking
place in a plasma torch were set to be investigated. These torches provide a stable, high
enthalpy plasma tube and clean heat source for re-entry simulation, plasma-chemical reactor
and metallurgical re-melters. In addition, air operation reduces the running cost of such
devices by an order of magnitude as compared to torches operating on argon. It is also being
planed to modify this torch for operation in transferred arc mode so thatt the electrode
contamination occurring in rod electrode torch melters is eliminated. Initial trial's for operation
upto 100 kW have been completed. Experiments were also carried out for tfrie measurement
of dynamic fluctuations of voltage, current, optical intensity in axial and transverse direction
and acoustic fluctuations arising due to arc root movement. The data is being analysed for
the fourier spectrum, phase space behaviour and Lyapunov exponent to establish the chaotic
nature of the plasma arc and to find various characteristics frequencies.

For the first time, we observed experimental evidence of deterministic chaos in
atmospheric pressure flowing arc jet plasmas. While measuring the dynamic characteristics
of plasma arc jets in hollow electrode device, the voltage, acoustic and optical fluctuations
were analysed as a time series. Intermittent chaos was observed and characterised through
power spectra, phase plots and the computation of Lyapunov exponent. The chaos control
parameters were identified as the current and plasma flow rate. Attempts are being made to
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correlate it to electrode erosion and arc root motion. As an extension of the work on
observation of chaos in arc plasmas, a new alogorithm using monotonus indexing technique
of each filled hypercube is developed for computing capacity dimension of an attractor. This
is much more efficient compared to the existing algorithms for computing capacity dimension
taking embedding dimension higher than five. The code is validated by reproducing capacity
dimension of a line, a circle and 'Henon attractor". The code is used to compute dimension of
attractor obtained from acoustic fluctuation signal. It is found to provide a fractal dimension
around 1.56. This strongly indicates the existence of low dimensional attractor for the arc
plasma system. A code is also written for computing correlation dimension of an attractor and
validated by computing dimension of a line and a circle.

Using the Patankar Champion code as starting point, velocity and temperature fields
for plasma plumes emanating from non-transferred arc plasma jets were computed with
surface impingement at variable stand off. Correlation with plasma spray torch heat transfer
data are being analysed to validate the code and its predictive potential in plasma spray
torches. A program of testing the re-entry plasma tube of VSSC, Trivandrum has been
finalised and test details were worked out.

The Controlled environment Plasma Spray System (CEPSS) has been successfully
commissioned. The system consists of a 2 metre long. 1 metre diameter spray chamber with
a vacuum compatible 40 kW DC plasma torch, which has been designed and fabricated by
us. The torch has been characterized for its electrothermal efficiency over a wide range of
operating parameters. The flame length is observed to be about 300 mm long at an operating
pressure of about 50 torr. The plasma spray torch could be smoothly operated from the
remote control panel up to 15 kW power level and 100 ton* chamber pressure with various
powder feeds for spray.

A DC plasma torch has been designed and fabricated for coating internal surfaces of
diameter 200 mm and above to a depth of 400 mm. Extensive experimental runs have been
carried out to characterize the torch. The electrothermal efficiency is found to be greater than
70 % under optimum operating conditions. The torch has been continuously operated for 5
hours with a stable flame.

Plasma Electronics & Instrumentation

Capacitively coupled radio-frequency (CCRF) discharges are being frequently used in
CO2 lasers. The main advantages are low inter-electrode voltages, improved discharge
stability, higher efficiencies and system compactness. A 1 meter long 5 x 5 cm2 cross-section
all metal, area scaled and diffusively cooled RF based CO2 laser discharge system has been
designed, fabricated, assembled and is being regularly used for CO2 laser discharge studies.
The discharge channel (1000 mm long, 19 mm wide and 7 mm high) is within aluminium
electrodes separated by AI2O3 ceramic spacers. The RF power is transmitted through a
specially made coaxial RF feed-through. The discharge is operated using a mixture of He,
N2, CO2:70, 24, 6, with 1 SLPM flow rate and at a pressure of 30 torr. Individual gas flows are
measured using mass flow meters, and the chamber pressure is monitored using absolute
pressure transmitter. Many experiments were conducted to match the 500 W, 30 MHz in-
house built RF power amplifier, to the discharge. The discharge RF voltages were measured
on the electrode ends and at the RF feedpoint to understand the transmission line effects.
Inductive terminations have been used on the transverse electrodes and longitudinal voltage
distribution could be made uniform within ± 5%. The discharge has been operated with 300
W RF input with almost negligible reflected power. The IR optics mirror mounts for the
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discharge have designed fabricated and installed. Further alignment of the IR optics is being
done for lasing studies. Initial lasing experiments were carried out at 1 SLPM flow rate with
11/2 inch silica gold coated flat mirror and a V* inch ZnSe piano concave output mirror of 10 m
radius of curvature. The laser power extracted was 11 W with 300 W input.

A diagnostic stand for the measurement of plasma and particle parameters has been
set up. Various spectroscopic/optical diagnostic techniques will be tested and adapted for
thermal plasma applications using this facility. Argon and nickel powder spectrum was
recorded in 400 to 770 nm region at 4-5 kW input power level of a plasma spray torch. In a
run 80 signals from the hot nickel particles (581.8±1.6nm / 663.4±1.6nm) were recorded. A
computer program is being developed to validate and accept the particle signals for
calculating velocity and size distribution of the particles. The spectrum recorded for Ar-I lines
in the red region (665-765 nm)will be used for the measurement of the plasma temperature.

Plasma Material Processing

A plasma aerosol reactor for synthesis of nanocrystalline material has been
commissioned. The system consists of a DC plasma torch, torch head section, aerosol
transport section, dust collector, cooling water circuit, power supply and control console and
exhaust hood. Trial experiments on synthesis of nanocrystalline TiN by reactive plasma
synthesis using Ti metal powder and nitrogen as the reactive gas have been started.

Diamond like carbon thin films deposited by Arc Ion Plating Process have been
characterised by Raman and FTIR spectroscopy techniques. The results indicate the
deposition of DLC films with predominantly sp3 bonded carbon in the films. Experiments are
being planned to explore the possibility of low pressure synthesis of diamonds from metallic
solutions using the low pressure DC plasma jet CVD facility available in our laboratory. Arc
Ion Plating facility is used for depositing good quality coatings of Diamond Like Carbon (DLC)
and TiN on various substrates. DLC Coatings produced by this process are strongly adherent
to the substrate and can withstand delamination under very high speed rotations. A 2.45
GHz, 700 W, microwave induced plasma processing facility is used for depositing good
quality Diamond Like Carbon films on different substrates for potential applications like
Bearing/Corrosion resistant coatings. The optical constants of the films were determined by
spectroscopic ellipsometry techniques. In addition, PLZT ceramics were successfully
sintered to a theoretical density in a 2.45 GHz, 700 W microwave field.

Plasma sprayed duplex structures consisting of a metallic bond-coat and top ceramic
coating have been developed for in-house nuclear applications. This developmental work
involved selection of proper ceramic material with suitable powder chracteristics, bond coat
material and appropriate process parameters such as torch power, plasma gas flow rate, etc.
to meet the specific requirements. Plasma sprayed protective coatings of nichrome-alumina
have been applied on mild steel split moulds (one metre long, 4 inch diameter) used for
casting molten uranium metal. Results of experiments conducted at AFD, BARC have shown
that these coatings are highly effective and have already withstood 17 heats. This is a highly
cost-effective and technically superior method to the currently existing casting method using
graphite crucibles. This technology has been extended to develop coatings for special
applications including other nuclear applications.

As a part of the collaborative programme with REC, Rourkela, plasma sprayed
coatings of inter-metallic compounds( Ni-AI and Fe-AI) have been developed on mild steel
substrates. The coating process has been carried out over a wide range of parameters to
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study the interaction of the process parameters on coating formation and chemical
composition. Experiments on plasma spray synthesis and spheroidization have also been
carried out.

Liquid Metal Magnetohydrodynamics (LMMHD)

Two-phase flows are present in a wide range of systems including nuclear systems
and are extremely difficult for analysis. Void-fraction distribution in two-phase flows is
governed by complex interaction between the two-phases, external boundaries and initial
flow conditions. The distribution is also governed by flow pattern i.e. bubbly, churn, slug and
annular flow. Accurate mapping of void distribution is essential for understanding the two-
phase flows and to validate or develop flow models. A multi-beam gamma ray measurement
system and related tomographic algorithms for void fraction distribution in the 6.5 m high
mercury-nitrogen LMMHD system is being developed jointly by Laser & Plasma technology
division and IIT Kanpur under BRNS project. Co6*5 of 100 mCi has been chosen for gamma
rays. Seven detectors consisting of Nal (Th) are mounted, along with source to receive
gamma rays passing through various chords of the flow in a circular pipe on a rotating
platform. Line averaged void fraction will be measured along the seven chord lengths for
every 5 degrees of rotation. Based on this data, void distribution is determined with
appropriate algorithms. Presently the system has been installed and calibration experiments
are being carried out.

ELECTRON BEAMS

A 10 kW, 10 kV electron beam evaporator assembly is being developed. The
evaporator consists of a water-cooled crucible, electron gun, bending and deflecting
magnets. The electron gun bending and deflecting magnets are mounted below the crucible.
The bending magnet produces a magnetic field that bends the beam by 270 degrees. The
beam, after 270 degree bend, strikes the charge and melts it. The crucible, gun and bending
magnet have been designed and fabricated. They have been assembled inside a vacuum
chamber and the evaporator has been operated at a power level of 4.5 kW at 6 kV. Initial
experiments have been carried out by melting copper. The next step is to incorporate beam
deflection and oscillation and a modified crucible to hold four charges at a time.
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News, 28, 83 (1997).

Reports

1. DC Servomotor Repair and Reinstalling in the Fourier Transform Spectrometer',
Sectional Report, Manisha Gupta, LPTD\PEMHS\06 dt 21/04/98.

2. Development, Design and Fabrication of an Automatic Liquid Nitrogen Filling System,
Manisha Gupta, Sectional Report, LPTD/PEMHS/07 dt. 14/10/98).

3. An Experimental Facility for Microwave Induced Plasma Processing of Materials,
D.S.Patil, K. Ramachandran, A.LBhide and N.Venkatramani, BARC Report :
BARC/1997/E/025

Presentations

1. Laser cooling and trapping programme in BARC (Invited talk) B.N. Jagatap, S.A. Ahmad,
U.K. Chatterjee and A.P. Roy, in the Seminar on "Physics with cooled and trapped atoms
and ions" held in BARC during March 5-6,1998.
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2. Bose Einstein Condensation by Purely Optical Cooling (Invited talk) B.N.Jagatap, in the
Seminar on Selected Topics in Theoretical Physics, held in the University of Hyderabad,
September 15-17, 1998.

3. Electron beam processing of materials and their applications', (Invited talk) A.K.Ray,
presented at the "National Symposium on Vacuum Science & Technology and Gas
Discharge Tube Switches" held at CEERI, Pilani on September 21-23,1998.

4. Thermal Plasma Diagnostics (Invited Talk), N.K.Joshi^iSth National Symposium on
Plasma Science & Technology (PLASMA-98) held during October 27-30. 1998 at
Saurashtra University, Rajkot.

5. Ceramic Coatings by Plasma Spray Technology (Invited talk) N. Venkatramani and P. V.
Ananthapadmanabhan, in Fine Ceramics: Synthesis, Properties and Applications, (eds.),
T. R. Rama Mohan, D. D. Sood, V. N. Vaidya and Ram Prasad, Indian Ceramic Society
BMRC, Mumbai, 1998, p. 225.

6. Velocity distribution of Ions and anisotropy of kinetic ion-temperatures in laser plasma
experiments". B.K.Sinha, A.Thum Jaeger and K.P.Rohr, International Toki Conference o
Plasma Physics and Controlled Nuclear Fusion, 6-11 December 1998, Tokicity, Nagoya,
Japan.

7. Effect of Recombination Process and the Experimental estimation of ionization state in
laser-produced plasma. B.K.Sinha, A.Thum Jaeger and K. P.Rohr, International Toki
Conference o Plasma Physics and Controlled Nuclear Fusion, 6-11 December 1998,
Tokicity, Nagoya, Japan.

8. Improved performance of a hot band CO2 laser, Padma Nilaya and D. J. Biswas, National
Laser Symposium, Kanpur, 1998.

9. Small signal gain as a far of partial pressure of Helium in CO2 laser", Padma Nilaya and
D. J. Biswas, National Laser Symposium, Kanpur, 1998.

10. The influence of Ar* gas pressure on the performance of flowing type CW Ar* Ion Laser",
A.Pandey & N. Govindarajan, National Laser Symposium, Kanpur, 1998.

11. TEA CO2 laser induced breakdown in C2F5H and C2F5H/C2F5T mixtures, A.K.Nayak,
V.Parthasarathy, and S.K.Sarkar, Trombay Symposium on radiation and photochemistry,
BARC, Jan14-19, 1998.

12. Generation and application of short CO2 laser pulses for carbon-13 enrichment,
V.Parthasarathy, S.Nad, K.Anaji Rao, and S.K.Sarkar, Trombay Symposium on radiation
and photochemistry, BARC, Jan14-19,1998.

13. Design and development of a RF quadrupole ion trap for laser spectroscopic studies,
G.K. Bhowmick, K. Bandhopadhyay, A.K. Sinha and S.A. Ahmad, Physics with cooled
and trapped atoms and ions, March 5-6,1998, Bombay

14. Special Hollow Cathode Discharge Lamp for High Resolution Emission Spectroscopy of
Radioactive Elements, S. G. Nakhate, A. P. Marathe, B. K. Ankush, A. Venugopalan, B.
N. Jagatap, L. M. Gantayet, S. A. Ahmed, U. K. Chatterjee & A. P. Roy, National Seminar
on Spectroscopy, Lasers and Laser Applications, 23-26 March, 1998, Dept. Of Physics,
Cochin Univ. of Science & Technology, Kochi.

15. Hyperfine Structure of 5915A° line of U-233 by High Resolution Emission Spectroscopy
using Recording Fabry Perot Optical Spectrometer, A. P. Marathe, A. Venugopalan, S. G.
Nakhate, B. K. Ankush, A. B. Patwardhan, B. N. Jagatap, A. Ramanujam, L. M. Gantayet,
S. A. Ahmed, U. K. Chatterjee & A. P. Roy, National Seminar on Spectroscopy, Lasers
and Laser Applications, 23-26 March, 1998, Dept. Of Physics, Cochin Univ. of Science &
Technology, Kochi.

16. Design and characterisation of the spherical quadrupole field for magneto-optic traps,
Manohar, S.G. Nakhate, B.N. Jagatap, S.A. Ahmad and R.C. Sethi, Seminar on "Physics
with cooled and trapped atoms and ions" BARC, March 5-6,1998.
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17. Design and development of a magneto-optic trap, S.G. Nakhate, K.G. Manohar, A.P.
Marathe, B.N. Jagatap and S.A. Ahmad, Seminar on "Physics with cooled and trapped
atoms and ions" held in BARC, March 5-6, 1998.

18. Design and fabrication of a quartz cell for laser cooling and trapping of atoms, M.R. Joshi,
B.S. Shidruk, G.P. Kothiyal, B.N. Jagatap, S.G. Nakhate, A. Venugopalan and S.A.
Ahmad, Seminar on "Physics with cooled and trapped atoms and ions", BARC, March 5-
6,1998.

19. Vibration isolation platform for laser cooling experiments, K.K. Mishra, L.M. Gantayet and
R.I.K. Murthy, Seminar on "Physics with cooled and trapped atoms and ions" BARC,
March 5-6,1998.

20. Towards a single mode CW dye laser, G. Sridiiar and Sunita Singh, Seminar on "Physics
with cooled and trapped atoms and ions" BARC, March 5-6,1998.

21. A simple vacuum microbalance for on-line monitoring of small changes in mass,
S.Mukherjee, National Symposium on Vacuum Science &Technology and Gas Discharge
Tube Switches, CEERI, Pilani, September 21-23, 1998.

22. Shri A.K.Sinha, Shri P.M.Varghese and Shri P.T.Raju participated in the National
Symposium on Vacuum Science & Technology and Gas Discharge Tubes, CEERI, Pilani,
Sept. 21-23,1998.

23. An Indigenous Narrow-band CW Dye Laser Oscillator, Sunita Singh & G. Sridar, National
Laser Symposium, Kanpur, December 14-16, 1998

24. Electrical measurements of an area scaled capacitively coupled RF discharge for CO2

Lasers, Shri D.P.Chakravarthy, N.K.Joshi, M.S.Madanmohan & N.Venkatramani,
National Laser Symposium, Kanpur, December 14-16,1998

25. A CW Dye Laser Oscillator, S.Singh & G.Sridar, IWSA Silver Jubilee
Celebrations,Sept1998 ,Nehru Centre, Bombay

26. Data Acquisition and Signal Analysis in Hollow Electrode Plasma, S.N.Sahasrabudhex

P.S.S.Murthy, S. Ghorui, A.K.Das and N.Venkatramani, 13th National Symposium on
Plasma Science & Technology (PLASMA-98) Saurashtra University, Rajkot, October 27-
30,1998..

27. Image Processing Studies on an arc wire plasma spray system, R.S.Haval. Amita Dubey,
M.S.Madan Mohan, D.P.Chakravarty, 13th National Symposium on Plasma Science &
Technology (PLASMA-98) Saurashtra University, Rajkot, October 27-30,1998.

28. Dynamical Aspects of Hollow Cathode Arc Discharge, S.Ghorui. S.N. Sahasrabudhe,
P.S.S.Murthy, A.K.Das and N.Venkatramani, 13th National Symposium on Plasma
Science & Technology (PLASMA-98) Saurashtra University, Rajkot, October 27-30,
1998.

29. Observation of Chaos in atmospheric pressure plasmas, S. K. Ghorui, S.N.
Sahasrabudhe, A.K. Das, 13th National Symposium on Plasma Science & Technology
(PLASMA-98) Saurashtra University, Rajkot, October 27-30,1998.

30. Two-dimensional effects on the propagation of an ultra-intense Gaussian laser beam in
tunnel-ionized plasmas, G.P.Gupta, 13th National Symposium on Plasma Science &
Technology (PLASMA-98) held during October 27-30, 1998 at Saurashtra University,
Rajkot.

31. Copper Vapor Lasers, G. Sridar A talk delivered at the Divisional Colloquium

Professional Services (External)

1. Dr. P. N. Bajaj, Member of the executive council of "Indian Society for Radiation and
Photochemical Sciences"

2. Dr. G.K Bhowmick was member of the national committee of Physics with cooled and
trapped atoms and ions, March 5-6, 1998, Bombay
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3. Dr. A.K. Das, Visiting faculty at the DST School on Plasma Physics at IASST, Guwahati.
4. Dr. K. Dasgupta examiner for project viva-voce of M.Sc. Tech. student at IIT, Powai.
5. Dr. L. J. Dhareshwar, Examiner of Ph.D thesis from IGCAR.
6. Shri L M. Gantayet, Member Secretary, Accelerators, Lasers, Nuclear Fuels,

Cryogenics, Computers & other Advanced Technologies Advisory Committee, (ATC)
BRNS.

7. Shri L. M. Gantayet, Expert member of the State Level Crisis Management Committee for
Chemical Accidents of Govt. of Maharashtra.

8. Dr. B.N. Jagatap, Convener of the seminar on "Physics with cooled and trapped atoms
and ions" held in BARC during March 5-6, 1998. This seminar was first of it's kind to be
organized in India on this front-line activity. It was attended by over 100 participants from
India. The seminar had 13 invited talks (including 3 by foreign speakers) and 18
contributory papers.

9. Dr. B.N. Jagatap, Member of the selection panel in the Bombay Regional Science
Exhibition held at St. Xavier's High School, Mumbai. January 8,1998.

10. Dr. B.N. Jagatap, Ph. D. thesis examiner to IIT Madras.
11. Dr. B.N. Jagatap Ph.D. Thesis examiner by B.A.M. University, Aurangabad
12. Dr. B.N. Jagatap, visiting faculty at Devi Ahilya University, Indore delivered a lecture

course (12 lectures) on Laser Spectroscopy to the M.Tech. (Lasers and Applications)
students (May 18-23, 1998).

13. Dr. N.K. Joshi, Visiting faculty at the DST School on Plasma Physics at IASST, Guwahati.
14. Shri S. N. Sahasrabudhe and Shri R.S. Haval went to HYME Dept., HAL, Hyderabad on

their request to install a laser trimming system (Trim 44, supplied by ESI USA) and
brought and verify the system to near/to fully operating condition. Their effort was
appreciated by HAL Ltd.

15. Dr. S.K. Sarkar attended an international discussion meeting on Ultrafast chemical
phenomena at Indian Institute of Science, Bangalore during March 2-6,1998

16. Dr. P. Satyamurthy, Rapporteur for International Workshop on Energy for Growth and
Sustainability, Kaipakkam, 24-26 June 1998

17. Dr. P. Satyamurthy, delivered Special lectures on Heat and Thermodynamics for
participants of Physics Olympiad 1998

18. Dr. Sunita Singh, member of selection panel, Brihan Mumbai Regional Science Exhibition
1998-99.

19. Dr. N. Venkatramani, Member DST Program Advisory Committee on Physical sciences.
20. Dr.N.Venkatramani, Guest Editor, Special Issue on Plasma Physics of Physics News,

March-June 1998.

Professional Services (internal)

1. Dr.P.N. Bajaj, Chairman of a selection committee and course co-ordinator for the 42nd
batch of chemistry discipline of training school.

2. Dr. A.K. Das and Dr. P. Satyamurthy delivered Lectures on Plasma Physics to physics
trainees.

3. Shri L. M. Gantayet, course co-ordinator for the 41st batch of Chemical Engineering
discipline of training school.

4. Dr. N. K. Joshi, S.N. Sahasrabudhe, D.N. Barve organised an experimental project work
on spectroscopic plasma diagnostics.

5. Dr. A. K. Nayak delivered twenty lectures on course of 'Chemical dynamics and rate
processes' for Chemistry trainees of 41st batch Training School

242



Miscellaneous

1. Laser Scan Gauge, Demonstrated at IIT, Powai, Mumbai, during Techfest '98 from Jan
24 - Jan 25, 1998.

2. Laser Scan Gauge, Displayed during Prime Minister's visit to BARC during Aug. 98.
3. Plasma Sprayed Samples and Plasma Torches, Displayed during Prime Minister's visit to

BARC during Aug. 98.
4. Electron Beam Welded Samples and Electron Gun, Displayed during the Prime Minister's

visit to BARC during Aug. 98.

oOo
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LIBRARY & INFORMATION SERVICES DIVISION

Major Achievements

The Central Library at BARC has got the necessary

infrastructure and facilities including electronic information

resources to meet the information requirements of all the

scientists and engineers in BARC and other institutions under the

Department of Atomic Energy. The infrastructure for this includes

a Central Library - one of the most comprehensive and the

biggest of its kind in Asia in nuclear science and technology -

with a total collection of more than a million documents

including more than one hundred thousand books. The collection in

the library covers the latest publications on nuclear science and

technology, engineering, computers, control and communications,

electronics, robotics, materials science, physical, chemical,

environmental and life sciences, medicine, agriculture, industry,

management etc.. The library subscribes to more than 1,100

journals mainly in the advanced areas of science and technology.

The electronic information facilities were further augmented

during this year. A number of scientific and engineering

databases including the archives in CD-ROMs were installed and

made available to users. These databases include INIS, MEDLINE,

CHEMICAL ABSTRACTS, BIOSIS, ISMEC, INSPEC, PC-PDF, METADEX,

CURRENT CONTENTS, HUMAN CYTOGENETICS, ASTM Standards, ISO 9000

and ISO 14000 series etc. These are updated on a regular basis. A

local area network is in operation providing access to a maximum

of 50 users at a time for the CD-ROM facilities. Users can use

this facility from their work places. Besides this, nodes at

convenient locations in the Central Library are available for

users. The CD-ROM facilities are also being accessed from

Nuclear Power Corporation, Heavy Water Board, ISOMED, Radiation
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Medicine Centre etc. Non-Conventional Literature incorporated

in INIS since the beginning of 1997 and available in CR-ROMs have

been made available to the users by providing a dedicaded PC with

CD-ROM drive in the Depository Library.

Facilities for surfing the Internet for information

retrieval tasks are also available in the Central Library. Plans

for installing more nodes are underway.

Plans are underway to expand the LAN capacity five fold and

to install more databases in the CD-ROM facility. Large scale

expansion and networking of the electronic information facilities

are envisaged under a IXth Plan Project. This includes

augmentation of science and technology information resources

including setting up of an electronic library. Procurement of

latest computer and communication equipment is in progress for

this purpose. The infrastructural facilities for the expansion

has been established. Information resources at BARC Library will

form part of the proposed ANUNET of DAE.

Preliminary work has been initiated to connect other DAE

organisations like Centre for Advanced Technology, Indore; Indira

Gandhi Centre for Atomic Research, Kalpakkam etc. to CD-ROM

facilities making it part of a WAN. Preliminary discussions were

also held to integrate library facilities of IGCAR, TIFR and RMC

with that of BARC Library as part of the resource sharing

programme of DAE facilities and to reduce expenditure being

incurred in acquisition of journals and books.

Selective Dissemination of Information (SDI) services were

provided to a number of users from DAE institutions and other

organisations in India including those from Universities on

specific topics on demand. On-line search were also carried out
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on international database hosts like STN International to

provide specific information to scientists and engineers. BARC

Library also provides SDI services on a regular basis on the

latest R&D in any specific area chosen by the user.

Services related to reprography, printing, binding,

photography, videography, publication of BARC reports,

brochures, proceedings of symposia and seminars etc. were

continued to be provided. Publication of BARC Newsletter and

Nuclear Digest was also continued. Scientific and technical

articles were regularly translated into English from different

foreign languages and interpretation services were also provided

on demand. Library & Information Services Division continued to

actively co-operate with international and foreign agencies such

as Nuclear Energy Agency, OECD, NucNet, ETDE, European Nuclear

Society, Nuclear Energy Institute in USA, Uranium Institute in

UK, etc.

Library and Information Services Division has organised an

Interregional Training Course on Establishment of Nuclear

Information Services, under the aegis of IAEA and Bhabha Atomic

Research Centre during 2-27 November 1998. Delegates from 21

countries including India participated in the Training Course.

During the year the national International Nuclear

Information Services (INIS) centre in Library & Information

Services Division submitted nearly 1,800 records related to

literature in nuclear science and technology and energy published

in India for incorporation in the INIS database. The

distribution of INIS products to users in India were continued

and at present eight institutions are subscribing to INIS

database on CD-ROM through BARC. Also, contributed to the

improvement of INIS by participating in a Joint Techincal
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Committee convened by INIS and Energy Technology Data Exchange

{ETDE). Library and Information Services Division is also

participating in an International joint venture to create a

combined thesaurus for INIS/ETDE databases under the auspices of

INIS and ETDE.

PUBLICATIONS

1. Kademani, B. S. and Kalyane, V. L.
Scientometric portrait of R. Chidambaram, the Indian nuclear physicist based on
citation analysis. Kelpro Bulletin Vol. 2(1), pp. 13-29.

2. Kademani, B. S. and Kalyane, V. L.
Outstandingly cited and most significant publications of R. Chidambaram, a nuclear
physicist. Malavsian Journal of Library & Information Science Vol. 1 (2),
pp.-13-26.

3. Kalyane, V. L. and Kademani, B. S.
Scientometric portrait of R. Chidambaram : a publication productivity analysis.
Journal of Information Sciences Vol. 5 (3), pp.101-140.
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MATERIALS PROCESSING DIVISION

Major Achievements

1. Processing of Primary & Secondary Resources

(a).. Nickel & Cobalt from Ocean Nodules

A process for the separation and recovery of cobalt, nickel and other elements from the
leach liquor of polymetallic ocean nodules hfis been developed at BARC for the
Department of Ocean Development (DOD). The process involves three cycles of solvent
extraction, first cycle is concerned with the separation of nickel and cobalt from other
metallic associations, the second cycle is concerned with the separation of nickel and
cobalt and the third cycle is integrated with the electrowinning to obtain nickel cathodes.
Cobalt from the extract of second cycle is recovered as cobalt powder. The entire process
has been tested in a continuous operation with the actual leach liquor. Based on the
process developed at BARC for separation and RRL, Bhubaneswar for leaching, DOD
and Hindustan Zinc Ltd., Udaipur, have planned to set up a pilot plant during the DCth
plan to process about 500 kgs of pjcean nodules per day.

(b) Electrowinning of Nickel

An extensive campaign on electro-winning of Ni was carried out by varying different
process parameters for achieving uniform, adherent Ni plate, simultaneously
accompanying desired depletion of Ni values to facilitate ultimate integration with the SX
stage. Under the established optimum conditions, nickel plates of area ranging from 40
cm to 500 cm2 and thickness upto 0.6 mm were produced accompanying depletion of
around 8 gpl Ni. It was observed that the quality of the nickel plate was very sensitive to
the solution chemistry (both inorganic contaminants and organic carryover from the SX
operation were affecting the plate quality).

A six cathode-three cells unit with provision for controlling and monitoring electrolyte
feed and current to each of the cathode surfaces has been assembled. This unit can
handle 12 litres of electrolyte per hour and would deposit around 100 g of nickel in this
time.

2. Production of Nuclear Grade Calcium Metal

Experiments were continued to optimize the process parameters for the purification of
calcium metal by vacuum distillation The condenser was modified and it has now been
possible to recover nearly 80% of calcium metal charged as a single distillate. The first
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distillate from the condenser bottom analyses calcium and magnesium content of ~
99.8% with total metallic impurities to bejess than 250 ppm.

3. Refractory Metals Processing

Development activities have been continued on the preparation of refractory metals,
alloys and intermetallic compounds. Pure vanadium metal has been prepared by fused
salt- eieetro-refininsLJUsing, vanadium-nitrogen alloy as a soluble anode. Vanadium
nitrogen alloy was obtained as an intermediate during trie~~denitriding~of—carbo
nitrothermically reduced vanadium pentoxide and also from ferro-vanadium by nitriding-
leaching-denitriding of the leach residue. Studies have been continued on purification of
niobium by silicon deoxidation and on the synthesis of titanium and niobium aluminides
with and without the presence of some alloying additives. A programme has also been
initiated to prepare elemental boron by electrowinning from KBF4. This process would
be suitable for preparing enriched B10 using enriched KB10F4 as the source of boron.

4. Components for Neutron Sensors

A process has been developed and optimised to get adherent coating of boron on
aluminium ad stainless steel substrates, required for the fabrication of neutron sensing
elements in reactor control ion chambers and counters. The process essentially involves
(i) preparation of suspension of boron powder in a suitable solvent, viscosity agent

and a binder
(ii) deposition and
(iii) post deposition heat treatment to improve cohesive and adhesive strength of the

deposited coating.
The boron coated aluminium tubes have been tested successfully in the fabrication of
neutron sensitive proportional counter.

5. Hydrogen Mitigation in Power Reactors

In order to develop passive hydrogen recombiner device for hydrogen mitigation during
severe nuclear accidents, a process has been developed to fabricate the suitable catalyst
by adopting a powder metallurgy route using palladium and platinum coated alumina
powder. The initial testing of the catalyst at the HYMTS Test facility at Engg. Hall No. 7
has shown very encouraging results.

6. Pyrocarbon Coated Shapes

A development programme has been initiated to prepare carbon shapes for use as a
scatterer in AHWR. Preliminary studies were carried out to fabricate carbon balls in the
size range of 10-25 mm diameter followed by pyrolytic carbon coating. The work is now
extended to fabricate non-graphitic carbon shapes with specific density. It is also
proposed to study the irradiation behaviour of pyrolytically coated shapes of carbon.
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7. Novel Technique for Determination of Phase Diagrams

A novel technique has been applied to determine the phase diagrams of salt mixtures.
The technique involves measurement of electrolytic conductance of the salt mixture
which shows a very sharp change in the conductance value of solid-liquid transformation.
This technique has been applied to determine the phase diagram of sodium chloride and
potassium chloride. Presently the studies are being extended to oxyanionic type of salt
mixtures.

8. Advanced Materials Processing Techniques

Development work on surface engineered and coated materials has been continued.
Coating combination systems consisting of TiN top coat deposited by d.c. magnetron
sputtering with undercoats of either Ni or Cr or electroless nickel on mild steel samples
have been characterised for their relative performances. Studies have shown that EN
interlayers offered the most corrosion resistant product. Parameters have been
investigated for electrodeposition of Ni-Cu alloy by pulse electrolysis. Corrosion
evaluation of several systems including black nickel coated mild steel and zirconia coated
stainless steel and lead silicate glass has been performed.

Synthesis parameters have been optimised for preparation of fine zirconia powders. The
crystalisation behaviour of the synthesised powders has been investigated through hot
stage x-ray diffraction technique. A large number of experiments have been conducted
towards establishing the feasibility of using microwave energy for processing of ceramic
materials. Suitable cavities were designed to employ a hybrid heating mode which
utilizes SiC powder as susceptor in the low temperature range. Microwave sintering of
AI2O3 and ZrC»2 ceramics have yielded high bulk densities in considerably short
durations. Fabrication of specific AI2O3 components has been taken up for use in
Condensed Matter Physics Division and L & P.T. Division. Compressive strength
behaviour of hydroxylapatite-PTFE biocomposites has been evaluated. Superconducting
behaviour of several yttrium, lanthanium and gadolinium based HTSC oxides with
different ionic substitutions has been examined. Microwave processing of bismuth based
composition has yielded a near theoretical zero resistance temperature of 80K in

phase.

Publications

Journals

1. Studies on the Chlorination of Zircon : 1. Static Bed Investigations
A.C. Bidaye, S. Venkatachalam and C.K. Gupta
Metallurgical & Materials Transactions B.

2. Calciothermic Production of Niobium Aluminide (NbAl3)
P.K. Rajagopalan and T.S. Krishnan
Trans. Indian Institute of Metals
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3. Decomposition of Zircon by Soda Ash : Influence of Additions
-ibid-

4. Development of Al-5% Ti-1 % B Master Alloy
T.S. Krishnan, P.K. Rajagopalan, B.R. Gund, J. Krishnan and D.K. Bose
J. of Alloys and Compounds, 269, 138 (1998)

5. A Study on Preparation of Iron-Aluminide based Intermetallic Alloy by Aluminothermic
Smelting Technique
S.P. Chakraborty, I.G. Sharma and D.K. Bose
J. of Alloys and Compounds

6. Production of Al-Zr Master Alloy starting from ZrO2.
P.K. Rajagopalan, I.G. Sharma and T.S. Krishnan
J. of Alloys and Compounds

7. Adhesion Improvement of Diamond and other Films After MeV Ion Irradiation
U.R. Mhatre, A.N. Kale, D.C. Kothari, R.M. Raole, M.K. Totlani, D. Kanjilal, Atul
Kulkarni, S.M. Kanetkar and SB. Ogale
Vacuum (1998)

8. Refining of Tantalum by Silicon Deoxidation
Alok Awasthi, N. Krishnamurthy, Y.J. Bhatt, R. Venkataramani, Y. Ueda & S.P. Garg
Journal of Alloys and Compounds, 265 (1998), pp. 190-195

9. Processing of Xenotime Concentrate
P. Alex and A.K. Suri
"Hydrometallurgy" 50 (1998) 331 - 338

10. Effect of Thermal Treatment and Sintering Atmosphere on the Dielectric Properties of
Lead Magnesium Niobate
D. Mohan, Ram Prasad and S. Banerjee
J. Mats. Science Letters

11. Studies on Powder Processing and Sintering Behaviour of ZrO2-9 mol% Y2O3 Ceramics
A. Ghosh, M.R. Gonal, D.D. Upadhyaya and Ram Prasad
Trans. Ind. Cer. Soc. (1998)

12. Pyrochemical Separation of Zirconium and Hafnium Tetrochloride using Fused Salt
Extractive Distillation Process
High Temperature Materials and Prbcesses

13. Mathematical Modelling of a Ternary System for Determining the Critical Size Ratio in a
Chemically Reacting Condition
"Powder Technology Journal"
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Symposia

1. Mathematical Modelling in Hydrometallurgical Systems
R.C. Hubli
Proceedings Symp. Adv. Cem. Engg. (ACE-97), BARC, Mumbai, Oct. 1997, pp.69-76

2. Thermal Decomposition of Ammonium Paramolybdate and Ammonium Paratungstate in
Fluid Bed Reactor
I.G. Sharma, S.P. Chakraborty and P.K. Tripathi
Ibid

3. Transport Process in Exothermic Gas-Solid Reactions
P.L. Vijay and D. Sathiyamoorthy -
Published in the proceedings of ACE-97

4. Treatment of Solid Waste from Chromate Industries
R.C. Hubli and A.K. Sun
Presented at 51* ATM of EM, Jamshedpur (November 1997)

5. Preparation of Molybdenum from Rakha Molybdenite Cone, by Lime Enhaned
Carbothermic Reduction
J.C. Sehra, P.K. Tripathi, V.D. Shah and R.H. Rakhasia
Presented at 51st ATM of IIM, Jamshedpur (November 1997)

v-
6. Environmental Considerations in the Selection of Processes for the Extraction of

Molybdenum from Low Grade Molybdenite Concentrate
P.K. Tripathi, V.D. Shah, R.H. Rakhasia and J.C. Sehra
Proceedings of EWM-1998, Jamshedpur (January 1998)

7. Fused Salt Electro-refining Process for the Preparation of High Purity Vanadium
P.K. Tripathi and J.C. Sehra
National Symposium in Nuclear Technology (NASENT-98), Kalpakkam (April 1998)

8. Studies on the Oxidation of Oscom Ilmenite
J.C. Sehra, R. Venkataramani and S.P. Garg
11th National Symposium and Workshop on thermal Analysis, Jammu (March 1998)

9. Studies on the Oxidation Behaviour of Carbon in Presence of Refractory Metal Oxides
P.K. Tripathi, J.C. Sehra and S. Brat
11th National Symposium and Workshop on thermal Analysis, Jammu (March 1998)
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MATERIALS SCIENCE DIVISION

Major Achievements

1. Fracture Behavior of Quadruple Melted Zr-2.5Nb Alloy having
Low Chlorine Content

In this study the fracture behavior of quadruple melted Zr-2.5Nb pressure tube material
(CI < 0.5 ppm) has been compared with that of double arc melted material (Cl ~ 1.5 to 1.8
ppm). The crack initiation and crack growth behavior have been evaluated upto 300°C. At
ambient temperature, Zr - 2.5 Nb having low chlorine showed crack initiation toughness
at 0.2 mm crack extension (J02) of 205 kJ/m2 and crack growth toughness (dJ/da) value of
435 MPa (Fig.l). This was a large increase over the corresponding values, 110 kJ/m2 and
200 MPa respectively obtained for the alloy containing about 1.5 ppm Cl. The difference
in the fracture toughness was also found at 150 and 300°C. The fractographic
investigations are being carried out to identify the differences in fracture morphology.
Specifically the differences in the fissure lengths and their density on the fracture surface
in both the materials will be correlated with the observed fracture toughness. The
mechanisms of toughness degradation due to the impurity elements such Cl and role of
their microsegregation is being studied.

2. Formation of Hydride Blister and their detection in Zirconium alloy
Pressure Tubes

The problem of hydride blister formation in zirconium alloy pressure tubes in Pressurised
Heavy Water Reactors (PHWR) is well recognised. The hydrogen level in pressure tubes,
though initially is much less than the solubility limit, increases during service and
eventually crosses the threshold for hydride blister formation at cold spots. Hydrogen
migration down the temperature gradient leads to the formation of hydride blisters at cold
spots which can severely limit the life of pressure tubes. Out of pile simulation
experiments under controlled thermal boundary conditions have been carried out to
identify and to study the effects of various parameters influencing the process of blister
growth. In this study, pressure tube spools /segments of lengths up to 200 mm have been
gaseously charged with different levels of hydrogen in a manner in which the
microstructure remains unaltered. Hydride blisters were grown at point contacts which
were maintained at a relatively low temperature. Standard metallographic techniques have
been used to characterise the blisters by sectioning the tubes along different planes. By
using diffusion equations, time required to grow a blister of a given size was also
estimated and compared with experimental results. Neutron radiography, conventional
ultrasonic testing and the technique for ultrasonic velocity ratio measurements have
been used for detecting the location and the size of the blisters. Laboratory experiments
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have indicated that the technique involving the measurement of ultrasonic velocity
ratio (VL /Vs VL and Vs being the velocities of longitudinal and shear waves), which
eliminates the error due to wall thickness variation, can be used for hydride blister
detection in pressure tubes. Collaborative work with Reactor Control Division is under
way for incorporating this technique in the BARC Channel Inspection System .

3. Low Stress Creep in Zr-2.5%Nb Pressure Tube Alloy

Low stress creep experiments have been conducted on Zr-2.5%Nb wires in a self loaded
and self resistance heated set up under vacuum. The specimen is in the form of 1.5 mm
wire coiled to 18 mm spiral and freely suspended inside an evacuated glass chamber. The
top coil carries maximum load (corresponding to a stress of 4.5 MPa) whereas the bottom
coil bears almost zero load. The spiral specimen can be heated to any desired
temperature by passing required current through it, and the creep deflection in each coil is
measured using a traveling telescope (with a resolution of 10 \xm) as a function of time
The load and the corresponding deflection are converted to tensile stress and strain.

The Zr-2.5%Nb cold drawn wires were given a heat-treatment of 800°C for 10 min. in
vacuum and cooled to room temperature. Creep measurements were in the temperature
range of 495 - 650 °C under dynamic vacuum of 10" torr upto a period of 100 hours.
Deflection - time plots were obtained for stress levels in the range of 4.5 - 0.8 MPa. It
was observed that the material exhibited a distinct steady state region with a creep rate in
the range of 10*10 to 10"9 /sec, in the temperature range of 495 - 540 °C. From the
deflection - time plots, creep strain rate was calculated and it was re-plotted against the
tensile stress. The slope in the linear portion is a measure of the stress exponent and was
measured to be around 1. This value indicates that the operative mechanism to be Coble
or Nabarro-Herring creep. The measured activation energy for this process was around
322 KJ/mol, which can be closely matched with that for niobium diffusion through the
a - p boundaries in this alloy.

The deflection in the coils beyond 585 °C was brought up by a different deformation
mechanism. The material showed a high creep rate and exhibited rather very limited
steady state region. This tendency was still higher for specimens tested at 650 °C. Such
behavior was not noticed in zircaloy-2 under identical test conditions in the temperature
range of 580 - 600 °C. The microstructure with respect to the volume fraction and the
morphology of a - P phases were also seen to get modified due to the creep deformation.
This phenomenon is being studied in the light of the superplastic deformation which had
been demonstrated in this material in the temperature range of 650 - 820 °C.
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4. Shape Memory Alloys

The research efforts on shape memory alloys was primarily focused on phase
transformations in Ni-Ti alloys. Research on the effect of alloying elements such as, iron,
copper and niobium is currently being studied. Of particular interest is the role of iron
which affects the martensitic transformation with only a marginal effect on the pre-
martensitic R phase transformation. These alloys are of interest as they find wide
applications in the engineering industry. The observation of Ni-Ti B19' martensites with
(001)m compound twinning as the substructure, the preference of the Ni atom site in the
B2 phase for site substitution by iron and the (114)B2 deformation twinning in the B2
phase of Ni-Ti-Fe alloys are a few of the other significant new observations. Work on the
development of non thermoelastic iron based shape memory alloys has also been initiated
with the successful fabrication of a few Fe-Mn-Si based stainless steel shape memory
alloys.

The Aeronautical Development Agency, Bangalore, has sanctioned the Materials Science
Division, BARC, a project for the development and supply of Ni-Ti-Fe shape memory
alloy clips used in the lightning insulator assembly component of a defense aircraft under
development. In this connection, a report on the material and microstructural
characterisation of available Ni-Ti-Fe alloy clips and an expansion tool for re-expansion
of recovered clips have been prepared and handed over to ADA, Bangalore. The melting
and fabrication of Ni-Ti-Fe alloys required in this project have now been initiated.

5. Microstructural Studies on Alloys 718 & 625

The nickel base superalloys, Alloy 718 and Alloy 625 are extensively used in
petrochemical industries and aircraft engines because of their superior corrosion
resistance, high temperature oxidation resistance and good mechanical properties at
elevated temperatures. Alloy 718 is used mainly in turbine discs, turbine blades, turbine
shafts and casings in aircraft engines and it forms 60% by weight of all the materials
used in the Kaveri gas turbine engine being developed by GTRE, Bangalore. Similarly
Alloy 625 is used as ammonia cracker tubes in the heavy water plants.

In order to find an optimum solution to some of the metallurgical problems of Alloy 718
faced by GTRE, a project entitled "Structural Evaluation of Alloy 718" was awarded
to Materials Science Division, BARC. The objective of the project was to generate a
database on the influence of heat treatment cycles on the microstructure and mechanical
properties of wrought and welded Alloy 718 and also to investigate the influence of the
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heavy deformation occurring during machining on the dimensional instability of Alloy
718. Most of the work has been completed and periodically reports have been submitted
to GTRE after the completion of each component of the project. The final report is under
preparation.

Influence of ageing treatments on dimensional changes in Alloy 718

Dimensional changes occurring as a result of the precipitation of different intermetallic
phases like y" and 8 in Alloy 718 have been quantified using a dilatometer. Precipitation
of full volume fraction of the y" phase during isothermal holding at 750°C led to a
shrinkage of 0.036% while the precipitation of 8 at 930 °C was found to result in a
reduction in size by 0.045%. These results were used to estimate the dimensional changes
in the alloy as a result of the dissolution of y" particles during machining.

Effect of heavy deformation due to machining on dimensional instability of Alloy
718.

Detailed microstructural examination of machined layers was carried out using optical
and transmission electron microscopy. Heavy fragmentation of the grains and dissolution
of y" precipitates were observed on the machined surface to a depth of 25 urn. This
investigation pointed out that dimensional changes occurring at room temperature in
machined compounds are not due to precipitate dissolution.

Microstructural characterisation of Alloy 625 subjected to long term service

Samples from Alloy 625 ammonia cracker tubes, which have experienced 70,000 hours
of service in a heavy water plant were investigated for assessing the microstructural
degradation. Regions of the tube exposed to temperatures below 600°C have shown
embrittlement due to precipitation of the Ni2(Cr, Mo) phase in addition to the y" phase . It
has been demonstrated that the Ni2 (Cr, Mo) phase can be dissolved by ageing at a higher
temperature. Formation of carbide film at grain boundaries has been noticed extensively
in these samples.

6. Surveillance and Life Extension Studies on Components in Heavy
Water Plants.

Re-Solutionization Heat Treatment of Inconel-625 Main Cracker Tubes of
HWP-Tuticorin

Fifty five Main Cracker Tubes have been successfully subjected to re-solutionizing heat
treatment. The tubes are made out of wrought Inconel-625 (In-625) alloy and each one is
of dimensions 88 mm outer diameter and 13,000 mm long. All these tubes have seen a
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service life of 1,02,000 hrs at nearly 700°C temperature and enriched ammonia flowing
inside the tubes at a pressure of 145 atmospheres. Under these conditions, due to phase
transformation occurring in the material, the tubes lose the required mechanical properties
drastically (Fig.2a). By the re-solutionization treatment given to these used tubes at
1170°C ± 10°C for about 2 hrs, they have recovered original properties akin to the virgin
tubes (Fig.2b).

Under periodical Surveillance and Inspection programme in-situ metallographic
investigations were carried out on:

a) Cracker tubes at HWP (Thai and Baroda).
b) On the Super-Heater bottom coils of the Main Cracker Unit at HWP (Baroda).

The data so generated were used for estimating the extent of degradation of these
materials. Mechanical properties were evaluated on sample pieces which have been
exposed to service conditions over the life time of the plant.

7. Self-Propagating High-Temperature Synthesis (SHS):

Self-Propagating High-Temperature Synthesis (SHS) also known as Micropyretic or
Combustion synthesis, is a method in which the heat evolved in synthesis is utilized in
propagating the reaction front. A number of homogeneous intermetallic compounds of
desired stoichiometry can be obtained by a single step process.

Transmission electron microscopy including High resolution electron microscopy
(HREM) of micropyretically synthesized NiTi and TiAl was carried out. In the case of
TiAl, the microstructure is mostly lamellar with the lamellae being of the y (TiAl) phase
and the ct2 (Ti3Al) phase (Fig.3). The y/ y boundaries are identified as twin boundaries
while that between y and ct2 is similar to that obtained in the conventionally processed
alloy. Ledges are often encountered in these interfaces. Various types of faults have also
been observed in the lamellae of both the phases. In the case of micropyretically
synthesized NiTi, the microstructure was found to comprise the B2 phase, the martensitic
phase and the NiTi2 phase (Fig.4).

Efforts were made to study the reaction mechanism of NiAl synthesis in thermal
explosion mode. A simple technique is devised to study the process of structural
evolution during combustion. This is normally done either by in situ monitoring by X-
ray or by arresting the propagating reaction front i.e., wave quenching which is not
suitable for thermal explosion. The current method comprises judicious combination of
particle size and heating rate to simulate the wave quenching experiment. Analysis of the
resultant microstructure holds key to the understanding of the reaction mechanism. In the
case of Ni-Al (50:50) it has been found that the process of structural evolution involves
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engulfing of nickel particles by aluminium-rich melt, formation of an intermediate
intermetallic layer that moves towards the nickel-rich core carrying the engulfing liquid
with it which gets progressively saturated with nickel. NiAl crystallizes from the
saturated melt. Interestingly, the microstructure retains the characteristic signature of
these intermediate steps.

8. Phase Transformations in Intermetallics

Microstructural Studies and High Temperature Properties of Zr-Al-Nb Alloys

The intermetallic Zr3Al was considered as a potential structural material in PHWRs.
With its ordered fee (Ll2) structure, Zr3Al shows a highly isotropic behavior, high
strength, transparency for thermal and fast neutrons and good corrosion resistance. In
this investigation ternary addition of Nb to Zr3Al has been attempted to improve its room
temperature mechanical properties and its formability at elevated temperatures.

Studies were conducted on ternary derivatives of Zr3Al alloy containing up to 10 wt%
Nb. These alloys could be successfully hot deformed at temperatures higher than 850 °C.
Investigations on the evolution of microstructure with varying Nb content revealed that
the p (bec) based phases could be stabilized at a Nb content as low as 3 wt%. With
higher Nb concentration (~10wt%), the alloys showed an ordered p phase as the matrix
with Zr3Al distributed as a precipitating phase. The addition of Nb suppressed the
peritectoid reaction responsible for the formation of Zr3Al phase by about 100 °C. This
led to a better formability, as Zr3Al based alloys could be deformed above the peritectoid
temperature, which is above 975 °C.

Hot hardness and indentation creep results showed that ternary Nb addition to Zr3Al
improved the high temperature properties of the alloys. The creep properties of the alloys
were found to be better than those of other intermetallics. The young's modulus of the
alloy was found to be 2.5 times higher than the conventional alloys like Zr-2.5 Nb,
whereas the thermal creep was found to be negligible up to 600°C.

Aluminides of Ti and Fe for high temperature applications

In an ongoing program to study high temperature intermetallic compounds for structural
load-bearing applications, several aspects of the mechanical properties, processing,
thermal stability, phase transformations and physical property measurements were
undertaken. Two families of Intermetallics, iron aluminides and titanium aluminides
were selected. Hot hardness and indentation creep measurements were carried out to
assess the high temperature properties. The strain rate sensitivity of iron aluminides was
investigated to examine the feasibility of superplastic forming. Hot rolling and hot
extrusion of iron aluminides was carried out to show that processing by these routes is
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feasible. The microstructure and defect analysis of such deformed iron aluminides was
studied to optimize the processing parameter. The thermal stability of titanium
aluminides was experimentally investigated via transmission electron microscopy. A rare
phenomenon, in the context of titanium base alloys, of interphase precipitation was
studied and the crystallography and growth mechanism was determined. A phase
transformation monitoring system (PTMS) which uses electrical resistivity to monitor
phase transformations has been fabricated and interfaced to a computer-based data
acquisition system and software. Phase changes can be related to changes in cooling rate,
microstructure and mechanical properties through PTMS.

Evolution of Ordered Ni3V Phase in a Rapidly Solidified Alloy

Transformation morphology of the product phase during an evolution process depends
upon factors such as heat treatment cycle and defect substructure. For this purpose
stoichiometric alloys prepared by two different techniques, one prepared by the
conventional arc melting process and the other by a rapid solidification process using the
melt-spinning technique has been investigated and a comparison of the microstructural
evolution of the ordered phase has been made.

Stoichiometric Ni3V alloys undergo a disordered (cubic, Al structure) to ordered
(tetragonal, DO22 structure) transformation at temperatures below 1045°C. The cubic to
tetragonal transformation results in the formation of three crystallographic variants of the
product phase. Earlier investigations as well as present investigations on the
conventionally processed alloys show that ordering of the Ni3V phase cannot be
suppressed even by a severe quench obtained by oil quenching. The ordered phase
evolves through a tweed structure to a polytwin lamellar structure containing alternate
domains of two variants. The tweed arises due to the overlapping strain fields of
coherent, tetragonally distorted, disc shape precipitates, which arrange themselves along
the <110> direction. The lamellar morphology remains stable for long periods till
recrystallization of monolithic domains corresponding to only one variant of the ordered
phase takes place at grain boundaries for relieving the accumulated transformation strain.
The "melt-spun" ribbons showed a uniform distribution of very fine-scale domains (of
about 10 mm size) corresponding to all the three variants. On ageing the three variant
fine-domain morphology coarsened to a monolithic single domain morphology in a
fashion similar to the discontinuous coarsening. The coarsening process occurred quite
fast and the whole transformation was complete in less than 2 hours at temperature 850°C
(whereas it takes more than 50 hours for the recrystallization of the lamellar
morphology). The difference in the evolution sequence of the ordered Ni3V phase in
"melt-spun" ribbons and in the conventionally processed specimens appears to be the
result of accumulation of a larger transformation strain energy in "melt-spun" alloys as
compared to that of conventionally processed alloys. This is confirmed by ageing the
solution treated "melt-spun" ribbons, which show the same sequence of phase evolution
as observed in the conventionally processed alloys.
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9. Sol Gel Processing

Preparation of yttrium aluminium garnet powder of controlled characteristics:

Preparation of yttrium aluminium garnet powder possessing controlled characteristics
(particle size distribution and morphology) was achieved by thermal decomposition of
the precursor powder formed by homogeneous precipitation reaction at 95° C from an
aqueous solution containing aluminium nitrate, yttrium nitrate, urea and desirable amount
of ammonium sulphate. Presence of sulphate ion modified the characteristic of the
precipitate from a difficult to process jelly to an easy to process granular one which upon
oven drying gives rise to powder of desired characteristics. The process conditions were
optimised to form submicron sized powder possessing narrow size distribution (D50 ~0.8
jim for precursor and 0.6 |im for YAG powders). The TG-DTA and XRD studies
revealed the formation of YAG phase occurring above 1260°C while the particle size
distribution evaluation and SEM studies showed that the powder characteristics of YAG
remain essentially the same as that of the precursor. Such a powder finds application in
making optically transparent components for solid state lasers and alumina - YAG
composites.

Preparation of gamma alumina coating on stainless steel coupons:

Studies on the preparation of meso porous gamma alumina coating on stainless steel for
catalyst carrier applications were carried out both by sol-gel dip coating and slow
gelling of sol spread on the flat surface of the metal coupons. Dip coating yielded thinner
coating (0.5um) while slow gelling yielded thicker coating (~5 |Jtm). Multiple coatings
were done to obtain desired thickness. Each time, after coating the substrates, they were
heat treated at 800°C and evaluated. The coatings formed were found to be transparent
due to mesoporous nature and highly adherent as shown by tape peeling test. By XRD it
was found to be poorly crystalline gamma alumina while SEM studies showed it to be
smooth, crack-free and nanostructured. This coating is a potential carrier for catalysts
such as platinum and palladium which is used in chemical process industries.

10. Corrosion Monitoring in Nuclear Power Plants

In nuclear power plants corrosion coupons and specially designed electrochemical cells
were placed in effluent transfer line, cooling water line etc. Coupon testing is being done
in normal way by following the weight loss over a period of time of exposure. This is
supplemented by microscopic studies of the exposed coupons. The other technique used
is based on the electrochemical noise analysis which is based on the measurement of
potential and galvanic currents as a function of time . Mathematical operations on these
data, in time and frequency domains yield parameters like average / standard deviation in
potential and galvanic currents, noise resistance, pitting index, current and potential
noise spectral power density (Fig.5). These parameters are directly related to corrosion
rate and corrosion type and can be used for on line corrosion monitoring.
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Electrochemical noise analysis has been performed on cells installed in pipelines. Data
from remote sites will be collected using portable data loggers and analyzed off line.
Carbon steel used for construction of the effluent transfer line has shown corrosion rate
of 8 -10 mpy in actual operation, which is within the experimentally acceptable limits.
Most of the residual radioactivity was associated with the ferritic stainless steels, having
better mechanical and corrosion resistance properties. They have also found wide
applications in various non nuclear fields/environments such as marine, petrochemical
and sour well environments.

11. Corrosion Fatigue Behavior of A Duplex Stainless Steel

The term corrosion fatigue describes the phenomenon of cracking in materials under the
combined actions of a fluctuating stress and a corrosive environment. Though the fatigue
phenomenon is often divided into two distinct components - crack initiation and crack
propagation, basically, there is continuum between the two processes. The crack initiation
studies are generally aimed towards understanding the physics of the process, while crack
propagation studies are related to the mechanical aspects of the fatigue phenomenon.
With the development of fracture mechanics technology, interest in fatigue crack growth
studies has increased so as to be able to predict the life of a component under fatigue
loading. With the similar aim in mind, the corrosion fatigue behavior of a new class of
stainless steels, namely, duplex stainless steels, is being looked into in this division in a
corrosive medium containing 3.5% NaCl at room temperature. As a class of stainless
steel, duplex stainless steels combine good properties of the single phase austenitic and
ferritic stainless steels, having better mechanical and corrosion resistance properties.
They have found wide applications in various fields/environments, mainly in marine,
petrochemical and sour well environments.

Precracked fracture mechanics specimens (compact tension) were employed and tests
were performed in accordance with documented ASTM Test Procedure E-647. The
results of the initial tests carried out with a duplex stainless steel VEW -A903 (equivalent
to SAF 2205), in air and in neutral and acidic (pH=3) solutions of NaCl have been
represented in Fig. 6. The da/dN versus AK curves were observed to follow Paris Law in
all cases. The crack growth rates in both the neutral and acidic NaCl solutions were seen
to be 1.5 to 2 times higher than those in air. However, in the lower applied AK regions,
crack growth rates in the neutral solution were almost 5 times greater than those in air,
thus indicating a substantial influence of environment on the corrosion fatigue crack
growth rate and absence of any corrosion-product- induced wedge effect. There was no
appreciable difference in the crack growth rates in neutral and acidic solutions. The
difference in the crack growth rates displayed between salt solutions and air data at lower
AK levels diminished at the higher AK levels until all the curves merged at approximately
12 MPaVm. Further experiments are in progress so as to characterize the material in
terms of its microstructure, heat treatments, and environmental factors as far as its
corrosion fatigue behavior is concerned.
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12. Production of Lead Wool by Melt Spinning

Lead wool is used in the assembly of leaded glass windows. The wool is put as a packing
for radiation shielding in between the leaded glass and the window frame. Because of its
flexible nature it can be rammed in place providing adequate packing density to ensure
proper radiation shielding. This wool was earlier being imported. Several hundred
kilograms of this wool are needed for use in the department. An attempt is now being
made to produce this wool in Materials Science Division, BARC by the process of melt
spinning.

Melt spinning is a process for rapid solidification of alloys. This process has been used
extensively for the production of amorphous, quasicrystalline and microcrystalline alloys
in a variety of alloy systems. In this process, the rapidly solidified product comes out in
the form of ribbons or thin filaments. The apparatus for melt spinning comprises a melt
spinning wheel with adjustable speed. The alloy to be melt spun is taken in a crucible
with an orifice opening at the bottom. The alloy is melted by a heat source and the
molten material is ejected in the form of a jet through the orifice with a suitable pressure
on the surface of the rapidly rotating melt spinning wheel. The molten metal forms a
puddle on the surface of the wheel. A continuous ribbon is obtained by shearing of the
puddle.

The linear velocity of the wheel surface, the ejection pressure of the molten metal, the
degree of superheat imparted to the molten material and the distance between the crucible
and the wheel are the important process parameters. Only a right combination of these
variables can lead to the production of a continuous ribbon. The geometry of the ribbon
viz. its width and thickness are controlled by these process parameters. Several kilograms
of lead ribbon have been produced by melt spinning and a sample quantity has been
provided to WMD for evaluation. Though the cross section of the product is not circular
as that of the lead wool filaments being used earlier, the ribbon cross section has been
found to be equally suitable for the purpose for sealing.

13. Precipitation in 18 wt% Ni Maraging Steel of Grade 350

In the present investigations, precipitation in 350 grade maraging steel was studied using
the complementary techniques of small angle x-ray scattering (SAXS) and transmission
electron microscopy(TEM). It has been observed that the sequence of phase evolution at
430°C involves first a rhombohedral distortion of the supersaturated bcc martensite. This
is accompanied by the appearance of diffuse © - like structure following which well
defined co - particles containing chemical order forms. At 510°C, Ni3(Ti, Mo)
precipitates form and grow with a time exponent of 1/3. The values of the Porod
coefficient obtained from SAXS profiles indicates that the © - particles, forming at
temperatures below 450°C, exhibits diffuse interfaces upto an aging time of 24 hrs. On
the other hand, Ni 3(Ti, Mo) precipitates formed above 450°C, developed sharp interfaces
in just about an hour. Phase separation observed in this steel both at 430°C and 510°C
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follow a scaling phenomenon only during the early stages. At high temperatures
precipitates develop sharp interfaces within 1 hour.

It is, therefore, established that at temperatures of aging less than 450°C, evolution of co
particles takes place through the collapse of the unstable bcc lattice and, at temperatures
above 450°C, precipitation of A3B type of phases occur by the mechanism of clustering
and ordering of atomic species.

14. First-Principles Calculations (Alloy Phase Transformations)

A complete theoretical package for studying the alloy phase stability and ordering versus
clustering behavior of binary alloys has been developed in Trombay (vide flow-chart).
The thermodynamic stability/metastability/instability of intermetallic phases in an alloy
system with respect to short- and long-wavelength fluctuations (corresponding to
ordering and clustering, respectively) has been studied using various free energy models
viz. 'static concentration wave1 (SCW) model and 'cluster variation method' (CVM). The
basic input to these statistical models are the effective pair interactions (EPIs) which have
been obtained from first-principles local-density based 'tight-binding linear muffin tin
orbital' (TB-LMTO) or 'full-potential linear augmented plane wave' (FP-LAPW) method
in conjunction with (a) Connolly-Williams method (CWM) or (b) 'augmented space
recursion-orbital peeling1 (ASR-OP) technique.

This quantum-statistical mechanics based approach has been employed for the first time
to study the precipitation behavior of 6'-phase (Ll2-structured Al3Li) from the
disordered Al-Li alloys and also to study the ordering reactions in Ni-Mo alloys which
involves a competition among several ordered superstructures for precipitation as well as
short-range and long-range ordering processes. Such information is seen to. be very useful
in predicting the sequence of transformation events in an alloy undergoing ordering
and/or clustering. At present, the band-structure calculations are being carried out to
study the effect of ternary addition (e.g. Cr) on the ordering behavior of Ni-Mo alloys.

This work is the result of collaboration between MSD and TP&PED.
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properties
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Ordering behavior
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15. Solid state bonding of Zr-2.5 wt.%Nb to 403 stainless steel

Joining of dissimilar materials like zirconium alloys with steels is required in nuclear
reactors. Precipitation of brittle intermetalHc phases in the fusion zone precludes the
conventional fusion joining techniques. Development of suitable solid state bonding
requires a detailed understanding of the diffusion behavior and the formation of various
phases in the reaction zone. With this in view a detailed study on the diffusion reaction
between Zr-2.5Nb and 403 steel was undertaken by employing miniature type diffusion
couples.
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Diffusion annealing was carried out in a preheated furnace at temperatures in the range of
750 to 940 °C for 1 to 450 h under a pressure of 5-10 MPa. Specimens bonded at
temperature lower than 900 ° C showed substantial porosity at the interface. Optical
microscopy of specimens bonded at 900 °C for 1 h at 10 MPa indicated the absence of
interfacial porosity and discontinuities, suggesting a good bonding. EPMA X-ray line
scans across the bonded interface showed a smooth variation in the concentrations of the
elements Zr, Nb, Cr and Fe and the absence of intermetallic compounds. The
concentration profiles of the main diffusing elements Zr, Nb, Fe, and Cr were found to be
well within the solid solubility limits. Specimens bonded at higher temperatures and for
longer annealing time resulted in a substantial change in the microstructure of the parent
materials. The results confirmed that the diffusion bonding of 403 steel to Zr.2.5Nb could
be optimally carried out at a pressure of 10 MPa at 900°C for lh.

26T



LIST OF PUBLICATIONS

Published in Journals

1 Modification of aluminum rich portion of Nd-Al phase diagram
G.B.Kale, A.Biswas and I.G.Sharma
Scripta Materialia Vol 37(9), 1997, 999.

2 Synthesis of neodymium aluminide by aluminothermic reaction of neodymium
oxide
A.Biswas, I.G.Sharma and G.B.Kale
Metallurgical and Materials Transactions. Vol 29B, 1998,309.

3 Interdiffusion studies in titanium-304 stainless steel system
G.B.Kale, R.V.Patil and P.S.Gawde
J.Nuclear Materials. Vol 257,1998,44.

4 Laser surface alloying of Ni-Mo into stainless steel substrates
Dilip Kumar, A.K.Grover, A.L.Pappachan, G.L.Goswami and G.B.Kale
Lasers in Engineering. Vol 7,1998,103.

5 Processing of A12O3 /Al interpenetrating composites
R.Bhat, K.Bhanumurthy and S.K.Roy
Transactions of Indian Ceramic Society Vol 57 (6) 1998,134.

6 Assessment of hydrogen embrittlement of Zircaloy-2 pressure tubes using
unloading compliance and load normalization techniques for determining
J-R curves
J.S.Dubey, S.L. Wadekar, R.N. Singh, T.K. Sinha, and J.K. Chakravartty
Journal of Nuclear Materials Vol 264,1999,20-28.

7 Elevated temperature fracture toughness of AISI403 martensitic stainless steel
S.Dubey, S.L. Wadekar, and J.K. Chakravartty
Journal of Nuclear Materials, Vol 54,1998, 271.

8 Improvement of low temperature fracture toughness of AISI 403 stainless steel by
microalloying and heat treatment
C.Gupta, S.L. Wadekar, J.S. Dubey, R.T. Savalia, K.S. Balakrishnan,
S. Anantharaman, Y.V. Kamat and J.K. Chakravartty
High Temperature Materials and Processes, Vol 16 (2) ,1997,151.

268



9 Characterization of fatigue and fracture behavior & improvement of toughness of
end fitting material of pressurized heavy water reactors
C.Gupta, J.S. Dubey, S.Ganguly, A.R. Biswas, Y.V. Kamat, and J.K.Chakravartty
High Temperature Materials and Processes, Vol 16 (1), 1997, 65.

10 Deformation behavior of a Modified 9Cr-lMo Steel between 77 and 373K
RRamaswamy Kishore, Ram Niwas Singh, Tapan Kumar Sinha, and
Bhagwati Prasad kashyap
Zeitschrift fur Metallkunde Vol 89 (9), 1998, 629.

11 Evolution and Thermal Stability of Ni3V and Ni2V phases in a Ni-29at%V Alloy
J.B. Singh, M. Sundararaman and P. Mukhopadhyay
Metallurgical and Materials Transactions. Vol 29A, 1998, 1883.

12 Effect of Y particle size on the room temperature LCF behavior of a nickel base
superalloy
V. Subramonia Sarma, M. Sundararaman and K. A. Padmanabhan
Mater. Sci. & Tech., 14,1998, 669.

13 Micropyretic Synthesis of Nickel Aliminides
G. K. Dey and J. A. Sekhar
Transaction of the Indian Institute of Metals (special issue on Extractive
Metallurgy, Vol 51, 1998, 78-89.

14 Crystallization of Ternary Zr-based glasses - Kinetics and Microstructure
G. K. Dey, R. T. Savalia, E. G. Baburaj and S. Banerjee
Journal of Materials Research, Vol 13 (2), 1998, 504.

15 Coupling of Replacive and Displacive Transformations
S.Banerjee, R.Tewari and P.Mukhopadhyay
Progress in Materials Science, Vol 42,1997,109.

16 Novel Ordering Transitions in Off-stoichiometric y-TiAl Intermetallics and the
Similarities Between These and the Special Point Ordering Processes in Ni-Mo
Alloys
U. D. Kulkarni
Acta Materialia. Vol 46,1998,1193-1207.

17 Stress Corrosion cracking - A new approach to test methods
W. Dietzel and S.K. Ghosal
Physicochemical Mechanics of Materials, Vol 33, 1997, 97.

269



18 First-principles calculations of electronic structure and phase stability in Ni-Mo
alloys
A. Arya, G.P. Das, S. Banerjee and M.J. Patni
J. Phys.: Condens Matter, Vol 38,1998, 8459.

19 Ordering in Ni-Mo alloys - First-principles results versus Experimental
observations
S. Banerjee, A. Arya and G.P. Das
Bull Mater. Sci., Vol 20, 1997, 787.

20 First-principles Studies of Phase Stability and Order-Disorder Transformations in
Al-Li and Ni-Mo Alloys
A. Arya, (Ph.D. Thesis as well as Poster presentation)
Solid St. Phys. (India), Vol 40(C), 1997,27.

21 Electronic Structure of rare-earth silicides : Role of vacancies
B.R. Sahu, A. Arya, G.P. Das and P.V. Panat
Solid St. Phys. (India), Vol 40(C), 1997,112.

22 Activation Volums for Self Diffusion in Metals
G.P. Tiwari
Scripta Materialia Vol 39,1998,931.

23 Reply to Comments on : Behavior of inert gas bubbles under chemical
concentration gradients
G.P. Tiwari
Journal of Nuclear Materials, Vol 252, 1998,162.

In Press/ Accepted for Publication

24 High Resolution Electron Microscopy of Alloys
G. K. Dey and S. Banerjee
Bulletin of Materials Science in press.

25 Micropyretic Synthesis of Ni, Al, Ti and Nb Containing Alloys
G. K. Dey and J. A. Sekhar
Metallurgical and Materials Transaction in press.

26 Phase Stability of Ni-Mo Intermetallic Compounds : A Study using FP-LAPW
Method
A. Arya, G.P. Das and S. Banerjee, Solid State Phys. fKurukshetra, India)
in Press.

270



27 Effect of Cr on the Transformation Behavior of Ni-Mo Alloys : Experimental
Results Vs. FP-LAPW Calculations", A. Arya, G.K. Dey and S. Banerjee
Solid State Phys. (Kurukshetra, India) in Press.

28 Precipitation of a Phase with Pt2Mo type structure in Alloy 625
M. Sundararman, Lalit Kumar, G. E. Prasad, P. Mukhopadyay and S. Banerjee
Metallurgical and Materials Transaction in press.

29 Interphase precipitation in titanium aluminides
G. Sharma, R. V. Ramanujan and G.P. Tiwari
Mater. Sci. Engg., in press.

30 Active Eutectoid Decomposition In Zr-3 wt.% Fe
Lalit Kumar, R.V. Ramanujan, R. Tewari, P. Muhopadhyay and S. Banerjee
Accepted for publication in Scripta Materialia.

31 Evolution of Ordered co phases in (Zr3Al)-Nb Alloys
R. Tewari, P. Mukhopadhyay, S. Banerjee and L. A. Bendersky
Accepted for publication in Acta Materialia.

32 Effect of strain-rate and test temperature on superplasticity of a Zr-2.5 wt. % Nb
alloy
S. V. Shukla, C. Chandrashekharayya, R. N. Singh, R. Fotedar, R. Kishore, T. K.
Sinha, and B. P. Kashyap
Accepted for publication in Journal of Nuclear Materials, 1999.

33 Thermodynamic interdiffusion coefficients in binary system with intermetallic
phases
S.P.Garg, G.B.Kale, R.V.Patil and T.Kundu
Accepted for publication in Intermetallics.

34 Study of diffusion related phenomena in solids by electron probe microanalyser
K.Bhanumurthy and G.B.Kale
Accepted for publication in Bull.Materials Science.

35 Influence of nitrogen in the shielding gas on corrosion resistance of duplex
stainless steel welds
R.B. Bhatt, H.S. Kamat, S.K. Ghosal and P.K. De,
Accepted for publication in Journal of Materials Engineering & Performance.

36 A Study of reactivity and sinterability of uranium dioxide powder through surface
adsorption
G. P. Tiwari and A.G.C. Nair
To be published in Zeitschrift fur Metallkunde(1999).

271



37 Powder synthesis, characterisation and sintering behaviour of
9ZnCr2O4 .2LiZnVO4

M.B. Kakade and S.K. Roy
Accepted for publication in Trans. Indian ceramic Soc.

38 Thermal decomposition and phase evolution behaviour of precursors for YAG
prepared by homogeneous precipitation
S. Ramanathan, S.K. Roy, P.V. Ravindran
Accepted for publication in Trans.Indian Ceramic Soc.

Publications in Conference Proceedings

39 Microstructural Studies on Rapidly Solidified Al-Mg-Zn and Al-Fe-Cu Alloys
G. K. Dey, R. T. Savalia, U. D. Kulkarni and S. Banerjee
Proceedings of the 6th International Conference on Quasicrystals (Eds. S.
Takeuchi and T. Fujiwara), World Scientific, Singapore, 1998, 289-292.

40 Periodic to Quasiperiodic Transformations
S. Ranganathan, U. D. Kulkarni and P. Donnadieu

Proceedings of the 6th International Conference on Quasicrystals (Eds. S.
Takeuchi and T. Fujiwara), World Scientific, Singapore, 1998, 395-398.

41 Synthesis and characterization of A1203/A1 interpenetrating composites
R. Bhat and S.K. Roy
Proc. International Conf. on Aluminium (INCAL '98), eds. DH Sastry et al,
Vol. I., 1998, 1-7.

42 Influence of a-unit size and morphology on the near-threshold fatigue crack
growth behaviour of Zr-2.5Nb alloy
J.S.Dubey, J.K. Chakravartty, S.L. Wadekar, and K.R. Gurumurthy
Third Workshop on Creep, Fatigue and Creep-Fatigue Interaction, Jan 20-22,
1999, held at IGCAR, Kalpakkam, C375-C-387.

43 Computer Aided Electrochemistry
Ranjona Kulgod, Ranjit Kunwar, R.K. Nigam, P.R. Singh, K.B. Gaonkar
Proc. Seminar on Automation in process engineering and manufacture,
IGCAR, SA - PR&M-97,166.

44 An experimental investigation into optimum welding between austenitic stainless
steel and copper
K.N.Karn, J.Krishnan, M.Sundararaman and K.Bhanumurthy
To be published in the proceedings of International Welding Conference to be held
at Delhi during 12th -17th February 1999.

272



45 Electron beam welding of copper to AISI stainless steel
T.K.Saha, A.K.Ray, BXSaha, K.Bhanumurthy and G.B.Kale
To be published in the proceedings of International Welding Conference to be held
at Delhi during 12th -17th February 1999.

46 Ordered Omega Derivatives in (Zr3Al)-Nb Alloys
R. Tewari, G.K. Dey, P.Mukhopadhyay, S. Banerjee and L.A. Bendersky,
Accepted for publication in the proceedings of MRS97, USA.

47 Hot Hardness and Indentation Creep Behaviour of Zr3Al-Nb alloys,
R Tewari, G.K. Dey, K. Ravi, T.R.G. Kutty and S. Banerjee,
To be published in the third workshop on the Creep, Fatigue and Creep Fatigue
Interaction, IGCAR 1999.

48 Sol gel coating of ceramic oxides on metallic substrate
S. Ramanathan and S.K. Roy
To be published in 5th IUMRS (IUMRS-ICA 98), October 13-16,1998 at
Bangalore.

49 First-Principles Electronic Structure Investigation of Rare Earth Silicides
A. Arya, B.R. Sahu, G.P. Das and P.V. Panat
Presented in 5th IUMRS international Conference in Asia, Indian Institute of
Science, Bangalore, India, Oct. 13-16,1998.

50 First-principles Approach to Phase Stability and Ordering in Alloys
A. Arya, S. Banerjee, G.P. Das and MJ. Patni
Presented in the Workshop on "The Physics of the electronic behaviour in the core
region : All electron LAPW electronic structure calculations', the abdus salam
ICTP, Trieste, Italy, June 22 - July 4, 1998.

Presentations in Conferences

51 Analysis of reaction products formed during diffusion bonding by Electron Probe
Microanalyser
K.Bhanumurthy, R.V.Patil and G.B.Kale
Presented at "The 5th International Conference in Asia (IUMRS-ICA 1998), during
October 13-16,1998 at Bangalore.

52 Solid state bonding of Zircaloy-2 sheets using copper as an intermediate layer
R.Kishore, K,Bhanumurthy and G.K.Dey
Presented at 51st Annual Technical Meetings of Indian Institute of Metals held at
Bangalore during 14th -17th November 1998.

273



53 Characterisation of solid state bonded Zr-2.5 wt.%Nb/403 stainless steel diffusion
couples
K.Bhanumurthy, D.Srivastava, P.S.Gawde, R.V.Patil and G.B.Kale
Presented at 51st Annual Technical Meetings of Indian Institute of Metals held at
Bangalore during 14th -17th November 1998.

54 In site preferencese of Mo, Cr and Nb in the p-phase of Titanium Aliminides
Madangopal Krishnan and Vijay K. Vasudevan
Presented at 51st Annual Technical Meetings of Indian Institute of Metals held at
Bangalore during 14th -17th November 1998.

55 Precipitation in Alloy 625 during prolonged service
M. Sundararaman
Presented at 51sl Annual Technical Meetings of Indian Institute of Metals held at
Bangalore during 14th -17th November 1998.

56 A study on the propagation of twins across Interfaces between Ni3V and Ni2V
phases
J.B. Singh, M. Sundararaman, P.Mukhopadhyay and N.Prabhu
Presented at 51st Annual Technical Meetings of Indian Institute of Metals held at
Bangalore during 14th -17th November 1998.

57 Study of hydride blisters in zirconium alloy pressure tube spools and their
detection using an ultrasonic technique
R. N. Singh, R. Kishore, T. K. Sinha, R. Taneja, D. N. Badodkar, Manjit Singh
and S. Banerjee
To be presented in Joint EC-IAEA Specialists meeting on NDT methods for
Monitoring Degradation, Petten, The Netherlands, 10-12 March 1999.

58 Study of hydride Blisters in Zr-2.5 wt % Nb pressure tube alloy
R. N. Singh, R. Kishore, M. Unnikrishnan, T. K. Sinha and S. Banerjee Presented
in National Meeting on "Hydrogen related problems in Zr-alloys" held at Multi-
purpose Hall, Training School Hostel, B. A. R. C , India held on 26-27th March,
1998.

59 Stress reorientation and Hydride embrittlement
R. Kishore, R. N. Singh, M. Unnikrishnan, T. K. Sinha and K. R. Gurumurthy
Presented in National Meeting on Hydrogen related problems in Zr-alloys held at
Multi-purpose Hall, Training School Hostel, B. A. R. C , India held on 26-27th

March, 1998.

274



60 Noise Spectrum from General and pitting corrosion
P.R. Singh, K.B. Gaonkar, P.K. De
Presented at IIM Annual Technical Meeting, Jamshedpur, Nov. 13-17, 1997.

61 Electrochemical Impedance of Aluminium in sodium chloride solutions
P.R. Singh, K.B. Gaonkar, P.K. De
Presented at the 8th National Congress on Corrosion Control, Cochin,
Sept. 9-11,1998, 46.

62 Effect of prehydriding on the SCC of Zircaloys in iodine vapour
S.K. Ghosal and P.K. De,
Presented at the National Discussion Meeting on Hydrogen Related Problems in
Zirconium Alloys, March, 1998, Training. School Hostel, BARC.

63 A Study of Reactivity and Sinterability of Uranium Dioxide Powder Through
Surface Adsorption
G.P. Tiwari
Presented at "The 5lh International Conference in Asia (IUMRS-ICA 1998), during
October 13-16,1998 at Bangalore.

64 Preparation and characterisation of self-supported thick films of ZrO2 -
10M%Y203.
S.Ramanathan and S.K.Roy
Presented in the 9th ATM of MRSI held at IIT, Madras, February 1 1 -1 3, 1998

Invited Lectures

65 Invited Lecture Series on Structural Intermetallics
R.V. Ramanujan
Anna Univ. Chennai (1998).

66 Invited Lecture "Phase Transformations in Ti Al based Alloys
R.V. Ramanujan, G. Sharma and G.P. Tiwari
Intl. Conf. of MRSI, Bangalore (1998).

67 Combustion synthesis of NiAl
A.Biswas,S.K.Roy and S.Banerjee
International conference on recent advances in Metallurgical processes,
(ICRAMP-97) July 16-19,1997, Use, Bangalore.

275



Reports

68 Stress corrosion cracking of zirconium alloy fuel cladding
S.K. Ghosal, J.T. John and P.K. De
Submitted and presented at the IAEA meeting, Co-ordinated Research
Programme, China, 1997.

69 Investigations on the welding of Alloy 718
Submitted to GTRE, Bangalore.

70 Effect of heavy deformation occurring during machining on the dimensional
instability of Alloy 718 (May, 1998)
Submitted to GTRE, Bangalore.

71 Effect of stress relieving treatment on dissolution of 8 particles and austenite grain
growth in Alloy 718 (December, 1998)
Submitted to GTRE, Bangalore.

Books and Chapters in Books

72 A study of reactivity and sinterability of uranium dioxide powder through surface
adsorption to appear in book "Advanced Science and Technology of Sintering
G. P. Tiwari, and A.G.C. Nair
Editor J. Lawrence and B.D. Stojamovic, Plenum Publishing Co. London (1999)

73 First-principles approach to ordering and clustering behavior in metallic alloys
Applications to Al-Li and Ni-Mo systems
A. Arya, S. Banerjee and G.P. Das
Frontiers in Materials Modelling and Design, Eds. Vijay Kumar, S. Sengupta and
B. Raj (Springer Verlag, Heidelberg, 1997).

74 Microstructural Engineering and Computational Materials Science
S. Banerjee, A. Arya and G.P. Das in "Multi-facets of Metallurgy : Emerging
Trends ed. A. Chatterjee, (IIM-ATM 97, Jamshedpur), 113 (1997)

276



Awards

Dr.K.Bhanumurthy was awarded "The Young Research Award" in recognition of his

paper entitled " Analysis of reaction products formed during diffusion bonding by

electron probe microanalysis", co-authored by Dr.R.V.Patil and Dr.G.B.Kale, presented

at IUMRS-ICA 98, The 5th International Conference in Asia, Bangalore organised by

Materials Research Society of India (MRSI) and The International Union of Materials

Research Societies (IUMRS) during October 13-16,1998. Dr.G.P.Tiwari was awarded for

his paper entitled "A study of reactivity and sinterability of uranium dioxide powder

through surface adsorption "co-authored by Dr.A.G.C Nair from Radiochemistry

Division at the same conference. These awards carry a citation certificate.

Contributions from scientists received acclaim in the 52nd Annual Technical Meeting of

The Indian Institute of Metals, held at Bangalore during 14th -17th November 1998. In the

metallographic contest, Dr.M.Sundararaman, Mr.J.B.Singh, Mrs.P.Agashe and

Dr.P.Mukhopadhyay were awarded the first prize under the category, "Transmission

Electron Microscopy" and Dr.G.K.Dey was awarded the second prize in the same

category. Dr.K.Bhanumurthy's paper on "Characterisation of solid state bonded Zr-

2.5%Nb/403 steel diffusion couples", co-authored by Dr.D.Srivatsava, Mr.P.S.Gawde,

Dr.R.V.Patil and Dr.G.B.Kale was chosen for the best poster award under the category

"Metal Sciences". Each of these awards carry a cash prize and a citation certificate.

277



_ 600
a

«
o
e
en
3
O

O

500

400

O 300
o
10

200

100

o

D —

/

C3 - - ~
— • — Cl < 0.5 ppm
—O—Cl 1.5-1.8 ppm

•

t

•}

i

50 100 150 200 250 300

Temperature (*C)

Figure 1 Effect of chlorine content on the CFack growth toughness of Zr-2.5Nb Alloy

- I -» •? -? • : J ' -

Fig.2a Microstructure of In-625 tube
after 1,02,000 hrs service
(Mag. 200X)

Fig.2 b Fully recovered microstructure of In-625 tube
after re-solutionization heat treatment
(Mag 200X)

278



iliv 3. BREM linage of the njkrostFuctiire of mkropyreikaliy syni&esiwd TiAI. The inset

In this %«rs is & bright field uxEerograpft*

Fig. 4. HEEM micrograph showlBg the NITiz plinss iii HHcropyretically synthesized NiTI.

The hisef IB this figure is a bright field micrograph.
279



-2

-4

-6

-8

m

! i ! I

-

1Jjiii jL

i

-

. .11 lii.i i

-

0 2 4 6 8 10 12

TIME/100, SECONDS

10-3 10-2 10"1 10°

FREQUENCY, Hz.

Figure 5. Current - time record and its power spectrum density for Carbon steel
in 1 M NaCl after 24 hours of exposure at room temperature.

IT 1e-7

Z

3 1e-8

O
a:

1e-9

1e-10

• 3.5% NaCl
• in air
A 3.5% NaCl, pH=3

1 10

STRESS INTENSITY FACTOR RANGE AK, (MPa°'5)

Figure 6. Corrosion fatigue crack growth rate data for VEW-A903.

280



MEDICAL DIVISION

Major Achievements

1. BARC Hospital and Dispensaries

The CHSS at present covers 72O00 beneficiaries. BARC
Hospital and the peripheral dispensaries continued to extend
therapeutic and diagnostic facilities to the beneficiaries
and 4,59,194 patients were treated in these dispensaries
during the period of report. The bed strength in BARC
Hospital is 192 which is going to be extended by an addition
of 90 beds in the newly ccxnmi ssioned wing. A total number of
7479 cases were admitted in the hospital during the period.
2434 surgical operations, 1319 gynaecological operations, 156
ENT operations and 584 ophthalmic operations were performed.
Outpatient attendance in the various OPDs was 96786. In the
fully equipped ICCU, thrombolytic therapy is given wherever
required. Cases found suitable for angioplasty and coronary
artery bypass graft are evaluated and referred to panel
hospitals. The investigations conducted at pathology and
radiology units were 2,90,566 and 24088 respectively. Dental
care rendered in BARC Hopital and Anand Bhavan and Trombay
clinics were 26064. The Social service section rendered
assistance to 12112 patients. In the Audilogy and Speech
Therapy Unit 3310 patients were treated.

2. Family Welfare Programme and Immunisation Status

Active family welfare programme was continued during the
year. 176 Medical Termination of Pregnancy (MTP) and 189
permanent sterilisations were carried out. The infants
addition to the scheme was 617 and the birth rate was found
to be 8.57 per 1000. Family welfare programmes were conducted
in the peripheral dispensaries on a routine basis.
Immunisation facilities are available in BARC Hospital and
the peripheral dispensaries. A Neonatal Intensive Care Unit
<NICU> has been functioning since 1995 and term and preterm
babies with significant problems were admitted.

3. Occupational Health

The Trombay Dispensary continued its occupational
Health activities in addition to routine medicare. 35103
cases were treated during the period of report. Periodic
medical examinations and initial medical examinations were
carried out on a regular basis. 2213 periodic medical
examinations and 488 initial medical examinations were
conducted.
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4. Morbidity status in the occupational workers

CHSS medicare programme caters to app.72,000
beneficiaries distributed in 11 zonal dispensaries. The
morbidity pattern of the prime population are compiled under
WHO codes and the Prevalence rates of various ailments
arrived at. These values are compared with the National
values after standardizing the age structure.

5. Future Programmes

As there is a considerable increase in the statistics in
BARC Hospital various units, it is planned to augment some of
the servicas as a part on Ninth Plan. These are (i) Surgical
ICU, <ii) Infertility Clinic in Gynaec Dept., <iii)
Equipments for Phaca, FF angiography, Vxtreo retinal Surgery
and Audio Refractometer in Ophthalmology Unit, <iv) C-Arm,
PFT machine, Ventilator, AK.D equipments for Medical Unit, (v)
Dental Workstation and Lab.expansion, <vi) CT and other
equipments for Radiology, (vii) Pathology equipments
upgradation and <ii<) a fully computerised network system of
computers with Internet facility.
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MOLECULAR BIOLOGY & AGRICULTURE DIVISION

Major Achievements

1. Common regulators of radiation and cold-stress response in Escherichia

colt

While analysing a spontaneous cold-sensitive mutant derivative (MD1157)

of the common E. coli laboratory Btrain AB1157, we had earlier identified two

genes gicA and gicB which regulated the cellular response to cold stress.

Both the genes were mapped to 14-15 min region of the E. coli chromosome.

Cloning and sequencing of gicA revealed this gene to be identical to cspE, a

member of the cspA family of small cold-stress proteins. Cold-sensitivity of

MD1157 was traced to over-expression of gicA due to a T to C mutation

{gicAl) located in the regulatory region, 121 nt upstream of the translation

start site. When present on a multicopy plasmid, gicA retarted the growth of

the host cell in cold, suppressed the rpsL31 mediated streptomycin resistance

in cold, and reduced resistance to UV light. Construction and characterization

of a knockout mutation revealed that gicA was not essential for cell growth

but its absence made the host sensitive to UV and gamma radiation and

reduced the length of the lag period after exposure to cold strss. Studies

with a gicA'.'A&cZ fusion constructed by us revealed that though gicA

expression was enhanced immediately after shift to a low temperature, it

decreased to a very low level just before the end of lag phase. Further, the

presence of cspA or cspC clone on a multicopy plasmid repressed gicA

expression. Evidence suggesting that GicA may be a positive regulator of cspC

was also obtained. With a view to study the regulatory roles of GicA and CspC

proteins in vitro and determining their crystal structures, their purification

in large quantities is being attempted. Purification of RbfA, a ribosome

binding cold induced gene, is also underway.
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PCR amplified cspC, gicA and rbfA genes were cloned in pET21b(+)

vectors downstream of a T7 promoter. All these genes could be substantially

overexpressed in BL21 (DE3) &. BL21 (DE23) LysS-hosts . However, the

induction of expression led to rapid lysis of the host cell in the cases of GicA

& CspC over-expression, with most of the proteins appearing in the

supernatant . In the case of GicA the lysis was more pronounced. Gel

filteration chromatography permitted purification of both CspA & GicA to the

stage of single 7kD band on SDS PAGE. Isoelectric focussing on phast gel

system gave a single band (pi 6.5) in the case of CspC but three bands in

the case of GicA. Two of the latter bands matched the position expected of

GicA 4. CspC respectively. This supports our earlier hypothesis that GicA is a

positive regulator of cspC expression. Fur ther purification of GicA is

underway. RbfA has also been partially purified using ion exchange.

Cloning and sequencing has revealed that gicB is identical with rlpB, a

gene encoding a rare lipoprotein of unknown function. Genetic evidence of

cross talk between gicB and crcA, a gene located immediately upstream of

gJcA, has been obtained.

2. Computer analysis of genomic DNA sequences: Evidence for a Darwinian

mechanism underlying the apparently adaptive mutagenesis in bacteria:

In an attempt to explain the peculiar spectrum of the sites of the

apparently Lammarckian late arising Lac* mutants we had earlier proposed

that these mutations were produced by a Darwinian mechanism which operated

in the immediate vicinity of methylatable cytosine residues. Deamination of the

methalated cytosins produced T:G mismatches whose correction by a Vsr

dependent, error prone, very short patch mismatch repair mechanism was

proposed to generate these mutations. The failure to detect mutations in some
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of the unselected loci was explained in terms of the absence of appropriately

placed mutagenic sequences (DCM sites) in these genes. To further check the

validity of this hypothesis the entire genomic sequence of E. coli was

subjected to in analysis by software written at BARC, in collaboration with

the Computer Division. This analysis confirmed several predictions of the our

hypothesis and provided additional interesting insights, (i) The canonical DCM

pentamers, which provide the sequence context for a cytosine methylation,

are over-represented on the E. coli genome, (ii) Certain non-canonical DCM

sequences are even more frequently over-represented than the canonical

pentamers. Of these, 5'GCTGG3', a pentamer which is recognized by RecA in

vivo and is a part of the recombinogenic octamer CHI, is the most abundant.

The over-abundance of CHI, & other CHI-like sequences, depends more on the

presence of the methylatable cytosines than on their recombinational activity,

(iii) GCTGG, & CHI (GCTGGTGG), occur much more frequently in the coding

strands of genes than in the transcribed strands or the intergenic regions.

These results suggest that the error-prone short-patch repair mechanism

involved in stationary state adaptive mutagenesis may involve a RecA-RecBCD

dependent repair pathway but not necessarily a recombinational step.

3. A multi-protein DNA repair complex

To explain several hitherto unexplained, and at times paradoxical,

properties of recB, and recC mutants, we had predicted that in vivo the

RecBCD enzyme occurs as part of a multiprotein DNA repair-replication

complex in which its nuclease activity is inhibited. In support of thiB

hypothesis a complex with ATP-stimulated nick translation and exonucleaseV

activities was purified and shown to promote repair-replication on a gapped

duplex DNA and UV-irradiated DNA. This complex appears to have eleven

components of which six, viz., RecA, RecB. RecC, RecD, Poll fc DNA ligase have
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been identified by genetic k immunological techniques. To identify the other

components, each has been purified in small quantities for determining their

N-terminal amino acid sequences.

4. Cloning and characterisation of DNA repair genes in HaemophUus influenzae

Rd.

UV-inducible DNA repair gene uvrA (HI0249) has been cloned, identified

and reported earlier. The ORF of uvrA gene is 2829bp long and codes for the

protein of approximately 104 kD in size. The UvrA protein consists of 943

amino acids. The site of mutation was located in the fragment consists of 500

bases of the 5' end of the gene. PCR sequencing of 500 bp region of wild

type and mutant strain MBH-3 revealed G->A transition at 2700th base of the

gene. This alters the Trp-900 codon (TGG) in to a nonsense codon (TGA), thus

predicting the synthesis of trancated protein of 899 amino acids. The last 44

amino acids comprising of the polyglycine hinge region important for damage

discrimination and enhanced binding of UvrA protein to damaged DNA is

missing, thereby rendering the MBH-3 cells UV-sensitive. The H. influenzae

MBH-3 uvrA mutant sequence GeneBank accession number is AF037163.

5. Homologous recombination genes in plants

5.1. Homologous recombination occurs in all forms of l ife, including

procaryotes, eukaryotes and archaebacteria, and involves exchange of DNA

sequences between two chromosomes or DNA molecules. Such exchanges

contribute to the generation of genetic diversity and repair of DNA damage.

The most important step in homologous recombination is homology search

which is done by special proteins in living systems. Until recently there has

been very little information on the homology search proteins and the genes

encoding them in plants. However, the ability to manipulate the intracellular
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levels of these proteins can yield rich biotechnological dividends by

facilitating gene targetting while constructing transgenic plants. We are using

several techniques in molecular biology to identify the genes for such

proteins from wheat and rice. Fragments of recA-like sequences from both

these plant species have been PCR-amplified and sequenced.

6. DNA markers of mung bean

6.1. Development of microsatellite markers: The programme to develop

microsatellite markers for mung bean was continued. From a large number of

tri-nucleotide repeat containing clones isolated by screening a small insert

genomic DNA library, nine were sequenced. The results revealed that they

contained perfect, imperfect and complex repeat motifs. Five of them were

found to contain sequences flanking the repeat motif that were suitable for

designing primer pairs for amplifying the microsatellite loci. The primer pairs

will be further assessed for their utility as markers using a panel of 15 mung

bean accessions.

6.2. Relative frequencies of (AC)n & (AG)n repeats on Mung Bean genome:

The di-nucleotide repeats constitute one of the major groups of

microsatellites. Among di-nucleotide repeats, only (AC)n and (AG)n are

amenable for analysis by hybridization using oligo-nucleotides as probes. The

frequency of di-nucleotide repeats in mungbean was estimated by screening

the small insert genome library using (AG)g and (AC)g as probes. It was

estimated that Mung bean genome contains one (AG) n repeat in every 83 kB

and one (AC)N repeat in every 3000 kb. The very low abundance of (AC)n

repeats was further assessed using the oligo-nucleotide (GT)jg as probe. The

results showed that (AC)n repeats are present once in 200 kb. This supports

earlier reports indicating that (AC)n repeat oligo-nucleotides are not good
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hybridization probes.

6.3. Inter Simple Sequence Repeat Markers: We used ISSR primers for

(GATA)4(C/T)G,(GCGT)4(G/T)A(GAAT)4(C/T)C and (GGTT)4(A/C)C for anlyzing

mungbean. The GCGT primer was not useful as it produced a smear with no

clear bands even at high annealing temperature. The other three primers

when used for analyzing a panel of 15 accessions gave 23 distinct bands of

which nine were found to be polymorphic.

6.4. Simple Sequence Repeats and genome evolution: One of the unsolved

mysteries of evolutionary biology is the wide fluctuations in the genome size

of the organisms. This can be very different between the members of even

quite restricted taxonomic groups. Among plants, pea and mungbean beloning

to the same subfamily of legumes, are very popular for genome evolution

investigations. Pea genome has tenfold higher haploid nuclear DNA content

than mung bean. In an attempt to answer the question whether large genomes

contain proportionately more SSRs than small genomes, the frequency of two

di-nucleotide repeats (AG/CT)n and (AC/GT)n were estimated by quantitative

dot blot hybridization of the genomic DNAs using oligo-nucleotides (GA)g and

(GT)jg as probes. The results showed that the pea genome has nearly 50

times higher frequency of (AG/CT)n repeats than the mung bean genome.

However, there was no significant difference in the (AC/GT)n repeat

frequency between the pea and mung bean genomes., These results are in

agreement with the fact that the pea genome contain nearly 90% of its DNA as

repeated sequences as against 40% in mungbean. This increase in the

frequency of (AG/CT)n repeats associated with the increase of genome size may

be specific for pea genome and cannot be generalised. We also estimated the

frequency in many other plant genomes, viz. groundnut, pigeonpea, lentil,
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rajma, wheat and rice and found that variation in the frequency of (AG/CT)n

repeats was more than the variation in the (AC/GT)n repeat frequency.

7. Studies on enzyme of C-4 pathway of Photosynthesis:

7.1. NADP-malic enzyme: Maize NADP malic enzyme was irreversibly inactivated

by micromolar concentrations of ferrous sulphate in presence of ascorbate.

Mg offered considerable protection against inactivation. However, NADP and

malate were ineffective. The loss of enzyme activity was associated with the

cleavage of the subunit polypeptide into 2 fragments of Mr 31000 and 34000.

The cleavage site was identified as the peptide bond between ASP^5^ and

ILE353 by N-terminal sequence analyses of both the fragments. The mechanism

of inactivation was explained based on the Fenton chemistry and generation of

reactive oxygen species like OH 02" and H202. The ASP352 is proposed as a

coordination site for metal binding in maize NADP-malic enzyme.

7.2. PEP carboxylase: Bicarbonate was found to modulate the catalytic and

regulatory properties of PEP carboxylase from Amaranthus. It caused

desensitization to malate and glucose-6-phosphate, which are negative and

positive allosteric effectors respectively. However, it sensitized the enzyme to

Mg . These changes were manifested in both dark as well as light forms of

the enzyme. Similar results were obtained with PEPC in leaf extract or the

purified form. It was, therefore, proposed that bicarbonate-induced changes

are independent of phosphorylation status of the enzyme and possibly result

from a significant change in the conformation of the enzyme. This is the first

detailed report indicating marked modulation of regulatory and catalytic

properties of the enzyme by bicarbonate, one of its susbtrates.

Illumination markedly increased the affinity of this enzyme to
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bicarbonate in Amaranthus Ieave6. When the leaves were illuminated, the Km

(HCO3~) of PEPC decreased at least 2 times, besides 2-3-fold increase in V^^

and 3-4-fold increase in Kj for malate. Carbonic anhydrase was not involved

in light induced sensitization of PEPC to HCO3". Our results suggest that

phorphorylation of the enzyme is important for sensitization of the enzyme to

HCOg" by illumination of C-4 leaves. Since illumination is expected to increase

the cytosolic pH and the availability of the dissolved HCOg" in mesophyll cells,

the sensitization of PEPC to HCC>3~ by light can be physiologically significant.

8. Applications of image processing in biology

Digital image processing is a multidisciplinary science and hence BARC

offers ample opportunities for work in this leading edge technology.

Applications of this technology in biology are being developed in collaboration

with Electronics Systems Division and Computer Division, BARC.

8.1. Protein estimation: Protein estimation is very important in biochemical

analysis. Conventionally, different methods such as Biuret, Lowry or protein

binding dyes such as Coomassie blue and Ponceau S are used for protein

estimation. These procedures are based on spectrophotometric measurements

and suffer from disadvantages like high background with common reagents

and, in case of protein binding dyes, continuous precipitation of the protein-

dye color complexes. Additionally, these methods are laborious, time consuming

and may require large quantities of the sample protein. We have developed a

procedure for quantitation of proteins spotted on nitrocellulose paper, using a

desktop color scanner. The software for this application was developed by

Electronics Systems Division. The intensity of the color in the spot can be

measured in an arbitrary unit of intensity termed as inverse integrated gray

value. This value shows a discernible increase with increase in protein
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concentration from 0.1 ug to 50 ug protein per spot (0.05mg - 25 mg/ml). The

method is simple and convenient compared to the conventional

spectrophotometric procedures and allows several samples to be analyzed

simultaneously. It can also be used to estimate protein concentration in the

spots stained with Coomassie brilliant blue or other dyes. The paper based on

this procedure has been accepted for publication in Analytical Biochemistry.

8.2. Morphometry of grains: Another area where we are currently applying

image processing technology involves morphoraetry of grains using software

developed by Computer Division. This software determines area, perimeter,

eccentricity, compactness, major axis length, minor axis length, ratio of major

to minor axis lengths, and various standard, central, normalised central and

invariant moments from the binary image of the object. These moments are

used for pattern identficiation. The programme was modified to give mean,

standard deviation and standard error for all the above parameters on all the

grains in a given image.

8.3. Workshop on Applications of Image Processing in Plant Sciences and

Agriculture (WIPSA). This Workshop was organized from October 26 to 30, 1998

in collaboration with Electronics Systems Division and Coimputer Division,

BARC and Indian Group of International Society for Steriology (IGISS). Held at

Molecular Biology & Agriculture Division, this Workshop was sponsored by the

Board of Research in Nuclear Sciences (BRNS) and was an endeavour to

expose plant scientists to the leading edge digital imaging technology.

The Workshop featured lectures on the basic aspects of computers,

imaging hardware and software as well advanced aspects in these fields such

as colour image processing, high performance computing, neural networks and
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virtual reality. The other topics covered in the lectures included image

acquisition using ultrasound, infrared rays, x-rays and gamma-rays, neutron

radiography, film-less phosphor-imager technology and applications of image

processing/analysis in plant sciences, medicine and remote sensing. The

experimental presentations included various imaging techniques like histogram

equalisation/specification, linear contrast enhancement, thresholding, edge

detection etc. Applications of these techniques were demonstrated to the

participants for densitometric analysis of protein gels, DNA sequence analysis,

chromosome analysis for karyotyping, micros uclei analysis, colony counting,

morphometry of grains and low level remote sensing. Experiments were also

planned for colour image analysis to count the number of insects, especially

to determine aphid infestation, dot blot analysis for protein and chlorophyll

estimation, leaf area measurement and assessment of foliar diseases for the

benefit of the participants.

Participants in this Workshop included experts in plant and agricultural

sciences from various research centres such as Division of Seed Science &

Technology and Nuclear Research Laboratory, Indian Agricultural Research

Institute (IARI) from Delhi, Directorate of Oilseed Research, Hyderabad,

Central Leather Institute, Chennia, Central Institute for Research in Cotton

Technology (CIRCOT), Mumbai, Institute cf Forests, Genetics and Tree

Breeding, Coimbatore and Central Institute of Fisheries Education, Mumbai,

and senior faculty members from several agricultural universities.

9. A new gene from desiccation tolerant Portulaca grandiflora

P22» a highly basic polypeptide, is one of the 14 induced in the stems

of Portulaca grandiflora cv Or-PnP, in response to 8 weeks desiccation. The

N-terminal amino acid sequence of this protein was determined and used to
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design degenerate primers which permitted synthesis of cDNA of the putative

gene encoding this protein via RT-PCR. This gene was partially sequenced. A

search of the existing databanks for matching sequences failed to show any

homologue suggesting this gene to be a new one.

10. Higher spike yields from plant growth regulator treated smaller Gladiolus

corns

Gladiolus, one of the highly-sought-after ornamental flowering plant, is

mainly propagated by corms. Conventionally, farmers cultivate bigger corms to

get higher spike y ie ld /plant . Our s tud ies , while corroborating this

observation, also indicated that the yield/acre was increase by 100X when

medium sized corms were used. The yield was further potentiated (25X) by

PGR treatment. Our suggested protocol for Gladiolus cultivation (PGR-treated

medium sized corms) may double the grower's income.

11. Genotyping HC21 in Indian Population

In addition to 6 loci typed earlier two more microsatellite loci (D21S1440

and D21S1446) were genotyped in Indian population and also for samples of

three different caste groups of a North Indian community. Seven

representative alleles were found. Locus D21S11 was genotyped for the. three

different caste groups of the North Indian community. The few homozygous

alleles determined by us from the earlier study of this locus D21S11 were

reconfirmed for size by sequence analysis. The complex repeat structure

obtained by sequencing such an allele showed the following sequence:

(TCTA)4(TCTG)6(TCTA)3TA(TCTA)3TCA(TCTA)2TCCATA(TCTA)11

Additional DNA samples of CHSS beneficiaries for source of random samples

were added to the stock.
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12. Single Cell PCR

In collaborative studies with Jaslok Hospital the feasibility of single cell

PCR technique was explored starting with single lymphocyte to oocyte as

targets. The technique was standardised for three different sets of primers

for individual and multiplex PCR assays. Single cells for this purpose were

obtained by micromanipulation.

13. Molecular Biology of Human DMD gene

Duchenne Muscular Dystrophy is an X-linked lethal disease with a

frequency of about 1 in 3700. The DMD gene is the largest human gene known

spanning 2700 kb, 79 exons and at least 7 promoters. Our study of DMD gene

has been threefold-

a. Study of deletion frequency and 'hot spot' in the Indian population'. Our

study has shown frequency of deletion higher in the Indian Subcontinent

compared to the rest of the world. The deletion 'hot-spot' at the 3'end of

the gene was more prevalent as for other populations.

b. Carrier analysis of high risk mothers using a battery of microsatellite

markers girls from DMD families as well as those with a new mutation

detected need to undergo carrier analysis. The technique has been

standardised and a family referred to us has been helped by such

diagnosis and genetic counselling.

c. Study of population using microsatellite markers: several normal,

random samples from the population are being screened to study

polymorphism of DMD gene in Indian population. Our results suggest at

least some markers used in the Western population may not be useful in

the Indian population.
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leaf. J. Rajeshwar, J.K. Sainis, V. Abraham, R. Rastogi and S.P.
Shouche. ibid. 98.1-29.5.

27. Demonstration on morphometry of wheat grains. S.G. Bhagwat, J.K.
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28. Laboratory simulation of remote sensing useful in agriculture. M.
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MONAZITE SURVEY PROJECT

Major Achievements

Objectives :

Assessment of the biological and health effects of low level chronic radiation on human
populations

The monazite bearing High Level Background Radiation (HLBR) areas in the west coast of Kerala provide
unprecedented opportunities of investigating the health effects of low-level chronic radiation directly on human
populations. Such investigations assume paramount importance, since low-level radiation effects in man continue
to be debated and no other model can substitute the human studies. The radiation levels in the region range widely
from 1.0 mGy to over 3S.0 mGy/year. The radioactivity in the HBR belt is primarily due to thorium and its decay
products. Thorium content of 8-10% in the monazite sand is among the highest recorded. The size of human
population in Kerala is also one of the largest found in the HBR areas, elsewhere. Historically, human populations
have been living in these areas for over 1000 years. This provides an unique and perhaps the most appropriate source
of material to discern the heritable and cumulative effects of continuous radiation exposure taking place during all the
stages of human development, for successive generations. Thus, the programme is an effort to avail the unprecedented
opportunity of assessing the impact of continuous low-level radiation exposure on human health and the manner
in which the human gene pool might have responded to the radiation stress received through generations. The
following programmes constitute the current research activities of the project.

• Monitoring of the newborns for major congenital malformations and genetic disorders for ascertainment of the
nature and incidence of these events in the population.

• Cytogenetic studies for chromosomal anomalies among the newborns and adults for elucidation of the nature and
frequency of numerical and structural chromosomal mutations in the population.

• Characterization of the demographic and health profile of the study population in respect of ethnicity, late onset
disease, and the prevailing social, economical and cultural practices.

• Elucidation of the nature of genetic polymorphism and germ line DNA mutations in the human population.

The various investigations were continued as part of the strategy to build an appropriate data base, necessary for
genetic epidemiology studies. A comprehensive dosimetry plan has been drawn and the beginning has been made
towards the end of the year.

Congenital malformations and genetic disorders

The monitoring of newborns in all the hospital units was continued in collaboration with State Health Department,
Govt. of Kerala. A precise estimate of die incidence of congenital malformations and genetic disorders in the human
populations can be established only at birth, since abortion, still births, high infant mortality among severely
malformed can influence the estimates. The newborns were screened at birth by the medical personnel for major
congenital anomalies identifiable at birth. Necessary details pertaining to pregnancy history, personal habits, genetic
and environmental variables etc. were recorded in the computer compatible proformae drawn on WHO guidelines. The
data are processed to obtain statistical information on still births, twinning, multiple births and malformations. All
abnormal babies are photographed for record and subsequent follow up. During die year, a total number of 10279
deliveries were monitored. Among these there were 10211 singleton and 63 twin births. Eight cases of Down's
Syndrome were detected, the incidence being 1 in 1284 births. The frequency of still births was 1 in 2054 and 42% of
deliveries were completed by caesarean. The overall incidence of congenital anomalies was 16.7 per 1000 during the
year. Since the strengthening of this programme from August 1995 to December 1998, a total of 36,805 births have
been monitored from the four hospitals. Of these, there were 268 twin pairs with an incidence rate of 7.4 per 1000 and
two were triplets. There were 212 still births with an incidence of 5.8 per 1000 births. As high as 85% of the newborns
were delivered in the maternal age group of 20-29 years. The teenage group of mothers (15-19) contributed to 7.0% of
the deliveries. Thus, only 8% births took place among die maternal age group of £30 yrs. The observed sex-ratio
among the newborns at births was 1000 males to 947 females. Since, the frequency of congenital malformations was
comparable among the four hospitals, the data were pooled for statistical analysis. The analysis of malformations and
still births according to number of birth, maternal age, gender of the baby, consanguinity and religion was completed.
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A total 538 newboms were identified with malformations at birth with an prevalence of 1.46%. Malformations were
several fold higher among the still births, the prevalence being 20.8% (p<0.0001). The twin births also exhibited a
relatively higher prevalence of 2.99% malformations, compared to singletons. Among the 3.5% newborns born out of
consanguineous marriages, 25 were malformed exhibiting marginally a higher prevalence of 1.97% compared to 1.44%
among non-consanguineous marriages (P = 0.158). Twinning was also associated with higher prevalence of still births
(3.73% compared to 0.52% in singletons). An increased prevalence of 2.09% was also seen for gravida four or more
compared to 1.5%, 1.48% and 1.01% for gravida status of 1, 2, and 3, respectively. Male babies were at a significantly
higher risk of malformations compared to their female counterparts; 1.66% v/s 1.25%, P < 0.05. This was attributable
to anomalies of the male urino-genital system such as cryptorchidism and hypospadiasis. In the maternal age group of
15-19, 20-24, 25-29, 30-34 and S 35 years, the prevalence of malformations was 1.35%, 1.51%, 1.26%, 2.12% and
2.04%, respectively, and showed a significant maternal age effect. The major religious group in the study population is
Hindus, followed by Muslims and Christians, the proportions being 68.5%, 19.6% and 11.8%, respectively. The
prevalence of malformations among different Hindu subsects showed variation ranging from 1.3% among Nairs to
2.36% among Arayas, with an overall prevalence of 1.45%. A total of 1.7% of the babies born to Muslim mothers were
malformed, whereas among Christians these were 1.12%. The least incidence of malformations was among Christians,
incidentally the group with lowest proportion of consanguineous marriages (0.96%). It is noteworthy that the Araya
ethnic group among Hindus had the highest consanguineous marriages of 6.55% compared to 3.5% for the total
population. The Arayas, constitute only 1.5% of the total population, are traditionally engaged in fishing and generally
resides in coastal area, where the natural background radiation is, also high.

Musculoskeletal system defects were the most frequent malformation. The incidences of some of the major anomalies
such as Anencephaly, Hydrocephalus Meningiomyeloecele and Saccrococygeal teratoma were 0.190, 0.299, 0.136 and
0.054, respectively. Twenty-five cases of Down Syndrome were observed. The incidence of Down Syndrome increased
with maternal age, being 1 in 2584, 3162, 1538, 358 and 147 in the maternal age groups of 15-19, 20-24, 25-29, 30-34
and £35, respectively; Trend x* 24.6, P < 0.001. Mothers in the younger age group of 15-19 years and older age group
of £ 30 suffered with relatively higher proportion of still births. Like malformations, still births were more frequent
among babies with higher birth order, but were similar in males and females. Consanguinity was also associated with a
higher risk for still births with a rate of 1.18% among consanguineous marriages and 0.55% in non-consanguineous
couples (P < 0.01). The Araya community had also a higher still birth rate of 1.27 per cent. The incidence of
malformed babies among mothers residing in HBR area was 1.5% compared to 1.4% in NBRA with an RR of 1.08 and
95% CI: 0.90 to 1.31. The possible confounding factors like maternal age at birth, birth order, consanguinity, gender of
the baby, twinning and smoking habits of father had similar distributions in HBRA and NBRA. But the distribution of
various religious and ethnic groups was not similar. Therefore, a stratified analysis was carried out to eliminate the
possible confounding effects. None of the comparison yielded a significant result. The frequency of Down Syndrome
was also not associated with radiation levels. The frequencies of malformations computed for different background
radiation areas viz. Si.50, 1.51-3.00, 3.01-6.00, 6.01-18.00 and 2: 18.01 mGy/year did not show any association with
radiation levels. It should be noted that the distribution of various ethnic groups was not uniform across different dose
groups. About 68% of the Araya community are exposed to a dose rate of more than 6.00 mGy/year, whereas the
maximum proportion of other ethnic groups exposed to such a dose rate was about 5%. The different rate of
consanguinity in various ethnic groups confounds the problem and a large data base to allow stratified analysis will be
required.

Twinning Registry

Twinning provides an opportunity to study gene-environment interactions in human development. Twins are also ideal
objects to delineate the differential developmental characteristics, mortality and morbidity, if any, among
monozygotics, as well as between like and unlike sexed dizygotics. The data obtained from August 1995 to
December 1998; constituted monitoring of 36,805 births 536 twin births and six triplets. The incidence of twinning
increased with maternal age with a frequency of 3.1, 6.7, 9.0, 8.1 and 9.2 per 1000 deliveries in the maternal age
groups of 15-19, 20-24, 25-29, 30-35 and >= 35 years, respectively. There was also an increase in twin births among
consanguineous marriages however, the difference was not statistically significant. Twinning among Christians,
Hindus and Muslims also showed variability. The differences in the twinning rates among the religious groups may
be due to variability of maternal age at delivery. The studies form a part of the efforts to build a twin registry in the
area for future investigations to explore gene-environment interactions, an important and unique model in ecogenetics
and human development. Multiple births included 1.47% of the newborns of which 1.46% were twins. The sex ratio
among twin births was 1000:1110 as against the 1000:945 among singleton deliveries. This discrepancy in sex ratio
among the two groups may be supportive of the hypothesis of the role of X chromosome inactivation in the twinning
process of female zygotes and consequent preponderance of female monozygotic twins. The proportion of male/male,
female/female and male/female observed in the 268 twin pairs in the study were 99 (36.9%), 112 (41.8%) and 57
(21.3%), respectively.
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Numerical and structural chromosomal aberrations

Chromosome aberrations are perhaps the most reliable marker of somatic/genetic damage and continue to serve as a
monitoring system of radiation exposure. Under well defined experimental conditions chromosome aberration analysis
in peripheral blood lymphocytes after in vitro and in vivo exposures to acute or semi acute radiation have clearly
demonstrated that this is a sensitive parameter to assess radiation effects in humans. Although at the present level of
understanding, it is not known whether the spontaneously occurring or induced chromosome aberrations in human
lymphocyte pose any health hazard. But, a population registry and well designed follow up studies can answer such
questions and form a part of our future plans.

Studies among adults

Cytogenetic studies among adults were initiated to determine whether continuous prolonged radiation exposure results
in accumulation of chromosomal damage, that may be produced at a very low rate. The primary objectives is to obtain
estimates of chromosome aberrations among the adult human populations living high background radiation areas
compared to those at equal age from control areas. Finally, attempt will also being made for stratification according to
age, sex and different radiation levels. Cytogenetic analysis of samples from about 100 individuals was completed
mainly by CBD staff and a major emphasis to this programme will be given during the next year. Emphasis will, also
now be laid on monitoring for stable chromosomal configurations, which, unlike unstable configurations, can
accumulate during continuous radiation exposure.

Studies among newborns

For cytogenetic studies on newborns, cord blood culture techniques (micro-culture) are employed. Cord blood samples
are collected from Karunagapally hospital, which caters both to HBR and NBR areas. The practical significance of
chromosomal syndromes attributable to constitutional anomalies of the autosomes and sex chromosomes are well
known and form a well recognized part of genetic health impairment in human populations. Major emphasis is thus
being laid on constitutional numerical and structural anomalies. Analysis of 16,169 newborns for visual karyotyping
has so far been completed to determine the degree of constitutional anomalies.

Constitutional chromosomal anomalies

Karyotype analysis of 16,169 newborns has been completed to determine the incidence of constitutional chromosomal
anomalies. These include the 10,230 newborns screened for chromosomal aberrations in Mode I of the cytogenetic
studies, where on an average 100 cells were analyzed from each sample. In Mode II the cytological studies were
continued, but the number of cells analysed per sample was reduced to 20 as the emphasis was for karyotype
anomalies. The cytological estimation of karyotype anomalies would supplement the newborn monitoring programme
in arriving at more accurate estimates. This is more relevant in the case of sex chromosome aneuploids and structural
karyotypic anomalies, which may not manifest morphologically at the time of birth. A total of eighty constitutional
abnormalities have been observed. Of these 41 were numerical and 39 structural variants. The numerical changes
included cases of Down Syndrome, Patau Syndrome, Edward's Syndrome, Double aneuploids, triple X, Klinefelter
syndrome, Turner syndrome, XYY and additional centric fragments. The incidence of numerical variants was
2.54±0.40 in 1000 newborns. There was no significant difference between newborns from HLNBRA and normal
background radiation areas in the incidence of constitutional numerical anomalies. The structural anomalies included
deletions, inversions, Robertsonian translocations and other translocations with an incidence of 2.41 ±0.39. As a whole
no significant differences were observed between newborns from HLNBRA and normal background radiation areas.
The overall incidence of constitutional karyotype abnormalities was 4.95±0.55 per 1,000 newborns.

Cytogenetic analysis completed for 10,230 newborns for various types of numerical and structural chromosomal
aberrations was statistically analyzed. The human peripheral lymphocyte is in the G 0 stage of cell cycle and radiation
induces exclusively chromosome type aberrations. Unstable chromosome exchange aberrations are products of ionizing
radiations and can be reliably considered as the measure of radiation damage. These aberrations unlike the stable ones
can get modified or lost during subsequent cell divisions due to difficulties arising during the cell divisions. Hence the
newborns were screened for chromosomal aberrations in the first mitotic division, though a very small percentage of
cells might have entered in the second division. A total of 9,63,940 cells. A total of 1737 samples belonged to the area
with background radiation levels upto 0.15 cGy/year (average 0.12 cGy/year) called normal background radiation area.
During the analysis unstable chromosomal aberrations such as dicentrics, rings, fragments and breaks as well as stable
once, including translocations and inversions were scored from coded slides. A total of 180 dicentrics were yielding a
frequency of 1.87±0.14 per 10,000 cells among the newborns. These included dicentrics both with and without
fragments. Unlike adults rings were very rare and only four were observed in the entire samples analysed. The
frequency of dicentrics among newboms from HLNBRA was 1.9±0.15 comparable to 1.88±0.34 for newborns from
NBRA (RF 0.99 with 95% CI: 0.67-1.47). The frequency of stable aberrations which included different types of
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translations and inversions was 3.46±0.21 for newborns from HLKBRA and 3.26±0.45 among newborris from
normal background radiation areas (RF 1.06 with 95% Cl: 0.79-1.43). The incidence of dicentrics and stable
aberrations was not significantly different between the two groups. The ratio of dicentrics and stable aberrations was
found to be about 1:2 among the newborns. The incidence of total aberrations which included dicentrics, rings,
fragments and stable aberrations was 7.61 ±0.31 among newboms from HLNBRA and 8.01 ±0.71 from normal
background radiation areas, (RF 0.95 with 95% CI:0.78-1.15). The frequency of fragments, which included centric
fragments, acentric fragments and minutes was also not significantly different among newborns from HLNBRA
(2.29±0.17) and normal background levels (2.88±0.42). However, acentric fragments, when considered independently
as well as chromosome breaks showed a significant difference between the two groups. The incidence of other
aberrations, which included breaks, gaps, polyploid and endoreduplicated cells were also not significantly different
between the two groups. For detailed evaluation, three categories of aberrations i.e., dicentrics, stable aberrations and
total aberrations which also included fragments and minutes were critically analyzed and compared. The three
categories of aberrations were compared according to background radiation at different levels of exposure. No
background radiation level related increase could be observed with respect to any of the three categories of chromoso-
mal aberrations. None of the three categories of aberrations showed any significant gender based differences The
aberrations showed a zigzag distribution according to different maternal age groups. However the frequency of dicen-
trics, stable and total aberrations plotted along with 95% confidence interval against maternal age and smoothed by
using linear regression showed a maternal age dependent trend but was not statistically significant.

Multiple aberrant and/or rogue cells

In recent years, there have been few reports of cells showing a high level of cytogenetic damage with multiple
aberrations observed in cultured human lymphocytes among different population groups worldwide. The nature and
frequency of these highly abnormal karyotypes exhibit a very wide variation. These multiple aberrant cells have also
been called "rogue cells". Arbitrarily, rogue cells have been defined as cells having five or more exchange type
aberrations for which precise karyotype identification of the origin of the aberrant chromosome is not possible. During
the cytogenetic studies of the newboms being carried out in the monazite bearing high background radiation areas
(HBRA) of Kerala coast, cells with extreme genomic damage have been encountered. Analysis of 17,146 newboms
revealed 30 individuals, each with one multiple aberrant cell. Thus, on average one out of 570 newboms carried a
multiple aberrant/Rogue Cell. Since, the analysis involved a total of 1,102,065 cells, on an average, one rogue cell was
seen among 3,67,355 cells among these newboms. In fact, about two dozens of the aberrant cells qualified to be
classical rogue cells, as each of these exhbited five or more exchange type aberrations. The spectrum of cytogenetic
changes in these cells was very wide and extreme in several cases, involving all the chromosomes with the formation
of abnormal chromosome configurations, like quadricentrics, tricentrics, dicentrics, rings, translocations, inversions,
fragments etc. There was a profound preponderance of rare events such as double minutes, small ascentric fragments
and dicentrics. A total of seven quadricentrics were observed among five cells and 26 tricentrics recorded among the 14
cells. The severity of the extreme genomic disruption can be gauged from the fact that as many as 132 dicentrics, 214
ascentric fragments and 201 double minutes were recorded from a small number of the 30 aberrant cells. The data
analysis also revealed random occurence of the phenomenon, with no apparent association with maternal age,
consanguinity, ethnicity or exposure to different background radiation levels. No gender-wise preponderance was
observed. Presence of rogue cells did not seem to increase other type of chromosomal aberrations, though a detailed
analysis is yet to be completed. The nature, origin and possible significance of the rogue cells, particularly in respect of
virul etiology of neoplasia needs to be elucidated.

From a total of 220 Aceto-orcein and Giemsa stained slides of newborns, identified with chromosomal anomalies since
1986 and 55 were selected for GTG banding studies were brought to CBD for re-evaluation and identification of
specific chromosomes involved in the rearrangements. A protocol was standardized for GTG banding on slides aged 6
months or longer to be utilized for back log slides. These slides were subjected to a recovery technique to make them
accessible for GTG banding studies. This suitability for GTG banding is being assessed.

Development and validation of an automated system for cytogenetics analysis

Cytogenetic analysis is a full time commitment to microscopy, for the whole day and days after days. A Collaborative
programme, initiated between the Cell Biology Division and Electronics System Division to develop Image processing
System for cytogenetic analysis has progressed well during the year. Initially, numerical counting and karyotyping of
chromosomes, which form the basis of our cytogenetic studies at MSP are being developed. The technology provides
image enhancement, quantitative measurements, storage, and retrieval of samples and verification of data. A typical
set of processing operation includes image acquisition, pre-processing of image to remove acquisition artifacts to
improve the picture quality. This was followed by thresholding of chromosomes to distinguish from the background
and finally segmentation analysis of parameters and measurements. The system, once validated fully, will be
established at MSP, Kollam, where cytogenetic analysis of human lymphocytes is a major programme.
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Chromosome polymorphism and follow up studies

Chromosome polymorphism, such as long Y (15 cases),short Y (2 cases),prominent short arm in one of the D group
chromosome (4 cases), G group chromosome (19 cases), prominent satellite in one of the D group chromosome (15
cases), G group chromosome (5 cases) were recorded during the analysis of samples in the current year. A total of 340
cases of chromosomal polymorphism were observed among the 16,169 newborns. The polymorphism included
prominent short arm and satellites in the acrocentric chromosomes and variants in length of the "q" arm of Y
chromosome. The overall incidence of polymorphism among the newborns was 21.03±1.14 per 1,000 births. The
follow up of interesting chromosomal variants identified during cytogenetic analysis, introduced during the last two
years was continued. This programme will need to be strengthened in future to study health consequences of
chromosomal variation, twinning, consanguinity etc., a question which remains unanswered in genetics.

Genetic polymorphism and germ line DNA mutations

The programme on genetic polymorphism introduced in 1996, with the objective of analyzing DNA mutations using
minisatellite and/or microsateliite markers involving the highly hypervariable regions of the genome among various
ethnic groups of the study population, has progressed well. Due to their multiallelic nature, the highly polymorphic
DNA markers are useful to elucidate the variation within and between the population groups. Further, these are being
used to elucidate the induction of heritable germ line mutations in the population using multigeneration families. This
programme if followed properly will allow to build a much needed comprehensive data base on DNA polymorphism
among the various ethnic groups of the Indian population, which is unique to this country as a consequence of inter-
ethnic breeding due to our ancient social and cultural practices. These studies measure the mutation rates at DNA
level in terms of nucleotide addition, deletion or substitution in addition to duplication of repeat sequences. For this
study, it is necessary to ensure ethnic homogeneity and also evaluate variation among ethnic groups. Studies have been
going on with random population of different ethnic groups to understand their relationship with each other and
quantify the variability at the level of these short repeat sequences. Further, DNA was extracted from 126 samples
(includes 36 complete families - father, mother, child & 3 families with abnormalities). About 50 genetic loci spanning
all the chromosomes have been selected for initial analysis. These loci have been selected on the basis of their high
heterozygosity, proximity to genes involved in certain diseases, and/or propensity to undergo deletions in certain
cancers. During the period of this report, DNA was extracted from 126 samples (includes 36 complete families -
father, mother, child & 3 families with abnormalities). DNA polymorphism analysis using random samples of 3 major
ethnic groups, from the study population of Kerala, was carried out at both autosomal and Y chromosomal loci. In
addition, certain loci were also investigated in families (father, mother and child) to study heritable mutations.
Polymorphism studies have been done using Polymerase Chain Reaction based amplification of various loci using
locus specific primers. Analysis of the amplimers were done using either silver staining following polyacrylamide gel
electrophoresis or detection of amplimers in automated laser based fragment analyzer. In the latter case either one of
the primers is end labeled with Cy5 dye or in some studies Cy5-dCTP was incorporated into the amplimer during PCR
amplification.

About 25 to 50 families have been investigated at the following loci : D17S5, HUMTH01, FES/FPS, DHFR2, D12S66,
D12S67, F13A01, DYS19 and D1S80. Mutation rate analysis would become feasible after further families are analyzed
and reasonable number of mutations detected. Till date only 2 confirmed mutations have been noticed at DYS19 loci. The
analysis of random samples from five ethnic groups for six loci has been completed. The number of total and
predominant alleles, heterozygosity in these populations for some of the loci on autosomes have been determined. Studies
are in progress for other loci, viz., DHFR2, vWA, F13A01, ACPP for which the analysis of amplimers are yet to be
completed. The studies with larger number of DNA markers among a cohort of families from HBR and NBR areas of
different ethnic groups will provide more precise avenues whether there are any germ line effects due to radiation
exposures. The number of predominant and total number of alleles as well as the level of heterozygosity of over half a
dozen of mini- and microsateliite loci among the major ethnic groups of the study population at Kerala has been
elucidated. The number of alleles and heterozygosity are indicators of variations in a population. Whether there are
variation in background mutation rates will be analysed and would be a very important criteria to determine the germ line
variation in the HBR population exposed to different radiation levels.

Newly emerging evidence in human genetics shows that classical Mendelian inheritance is often violated and the so
called non-traditional inheritance is responsible for a number of genetic disorders, particularly the late onset and
multifactorial diseases. The current concept of genetic risk assessment of radiation and chemical mutagens based on
recessive and dominant gene mutations in mice seems to be threatened. Since, there is no suitable mouse model for
assessing the risk for multifactorial and/or late onset diseases, studies on human populations under radiation and/or
chemical exposure(s) assume further importance. Studies on association with neurological disorders allelic expansion
of triplet repeats known to be associated with Huntington's disease, Myotonic dystrophy, and several other diseases in
Indian population have been initiated. Currently, analysis of triplet repeats is being undertaken in normal healthy and
certain affected individuals, to validate the technology. These studies will be introduced in the HBR population to
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determine the prevalence of specific triplet repeats, particularly in the adult population.

Chromosome Y polymorphism

The Y chromosome linked inheritance has unique features, as it bears father to son transmission and except for a small
region, the pseudo-autosomal part of the chromosome does not take participate in recombination. The variation
observed in the pseudo-autosomal part in the progeny is expected to be a denovo mutation. Studies on DNA
polymorphism had been introduced using different Y-linked markers to elucidate germ line mutations in HBRA
population. Using the DYS19, a polymorphic microsatellite and DYS28 locus, a Y Alu polymorphic element,
analysis of 215 unrelated male donors belonging to five ethnic groups, including three from the study population of
Kerala had been completed. No Alu insertion was detected in any of the Indian population, while four alleles of
DYSI9 locus were identified. The allele frequencies reported for different world populations have been compared with
the five Indian populations investigated in this study. These studies will provide information regarding the paternal
gene evolution. As stated above, since these loci have no homologue(s) on X chromosome or on autosomes, no
recombination is possible and all the variations in the population can be ascribed to either founder effect or new
mutations. Analysis of these loci would offer information regarding genetic relatedness between the various ethnic
groups of the study population. Studies are in progress on biallellic loci on Y chromosome - Alphoid Y sequence
which is analyzed by partial digestion with Hind III restriction enzyme and DYFSS5S2. In the former loci, 200 male
samples belonging to the above mentioned five populations indicated that about 54% of the population showed Hind III
site in the alphoid sequence. All the populations were positive for the latter loci.

Computer data base, management and statistical analysis

Because of the enormity of sample size and complexity of confounding factors, it is practically beyond any manual
effort to adequately undertake data analysis. Therefore, a major emphasis has been to build a computer data base of all
the observations recorded so far. Analysis of data, an inherent component of epidemiological studies, in respect of age,
religion, ethnicity, socio-economic structure, consanguinity, occupation, life style, personal habits, diet, pregnancy,
maternal and paternal health status, medication and several other genetic and environmental factors, in addition to
radiation background levels has been underway. A major programme undertaken this year was the entry of new
newborn study proforma (white proforma) in its entirety. The data entry is carried out in the screen format (dBASE
IV), developed meticulously for the purpose. Range and intra field checks and logical skips were incorporated in the
design to help reduce the data entry errors and optimize the speed of data entry. The next major step in data monitoring
was to make sure the internal consistency of the entered data. A thorough validation programme was developed for this
purpose. The programme checks each and every field for valid ranges and inter related fields for consistency and help
to pick and correct errors that have crept in at the time of data entry or as a result of a miss at the time of scrutiny of the
completed proforma. It picks up field(s) causing error(s) and prints the identification number, a small description of
the error and field(s) causing the error(s) enabling easy identification of the record and the correction of the error. The
data entry, validation run and corrections are now fully streamlined and form the major routine work. From congenital
malformation studies 1995 to 1998 no new form is pending for data entry and the backlog is fully cleared. About
76,000 records of earlier congenital malformation data were also entered in the machine, 42,595 from Victoria, 17985
from Karunagapally, 8049 from Kayamkulam and 7677 from Chavara hospitals. Stratified analysis - analysis after
grouping the sample into relatively homogeneous group - was used as a method for controlling the effects of possible
confounding factors.

Dosimetry

A much awaited comprehensive dosimetry programme for external and internal dosimetry was launched during the last
phase of 1998. Solid state Nuclear Track Detectors (SSNTD) were installed in 100 selected houses in high background
radiation areas. SSNTD's, the dielectric materials like mica, glasses, synthetic plastic etc., record and permanently store
the trajectory of the fast moving charged particles and are sensitive to charged particles with high LET and fast
neutrons. TLD dosimeters were also kept at same houses. The existing proforma for the dosimetry survey was
thoroughly modified so as make it easy for data collection and entry. The collected data on 100 households has been
entered, after designing a data base structure giving provision to incorporate data at every stage. Also, soil samples
were collected from 62 houses for radiochemical analysis, (in collaboration with Health, Safety and Environment
Group). The radiation measurement were also carried out using Radiation Survey Meter. In each location 8-10
readings were taken in different spots and the range and mean of radiation background levels were recorded. These
values were checked periodically to find out whether there is any pronounced variation due to the seasonal/climatic
fluctuations.
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Demography survey, health audit and late onset disease

Towards the efforts to make a population registry, studies on demography characters, health audit and let onset diseases
are being undertaken. For this purpose a new proforma has been designed and a trial survey has been started in
collaboration with the State Govt. This would enable data on morbility, mortality and socio-economic structure
including ethnicity and more importantly the prevalence of age dependent multifactorial and/or polygenic conditions in
the population. This information along with dosimetry would also help to identify families in areas of interest to
generate cohorts for future studies. The environmental health risk assessment including from of radiation in future
will include late onset disease with polygenic and multifactorial conditions involving CNS, CVS, urinogenital,
nusculoskeletal and other systems. There are major causes of morbidity and mortility compared to monogenetic
conditions. The population registry based on demographic and health audit will provide avenues to answer the
questions whether such late onset disease are associated with HBR.

Expansion of Laboratory space

One of the land mark during the year was the expansion of laboratory space. The construction of the new building,
which finally started in July, 1997 is almost complete. Furniture, airconditioning and equipment is expected to be
received by January 1999. The availability of additional 3000 sq.ft. laboratory space will greatly broaden the
programme and facilitate the implementation of the ongoing and new studies introduced to achieve our objectives. In
this building provision is being made for creation of new long term tissue culture facility, cryogenic preservation, tissue
and DNA banking to provide a permanent source of material for future studies at BARC, other institutions in the
country and even abroad. Likewise, recruitment of new staff sanctioned during the plan has also materialized with
Director, BARC deciding that the programme will be a long term activity, this lab should serve as a nodal centre for
future studies in a broader perspective.

Future

There will be major emphasis on dosimetry to make all efforts to establish individual and population doses to create a
cohort of population for biological and health investigations . The dosimetry will including radiation mapping of the
aera, Radon/Thoron measurements inside and outside the house, inhalation/exhalation studies among individuals, urine,
blood, placenta and other tissues and body fluid analysis, food, water, soil, plant and marine species, as well as wild
animal analysis, markers of cumulative exposure e.g. teeth by ESR, whole body countring for total body burden,
estimates of gonadal dose in males and females. For this long term programme Director, BARC has already approved
redeployment of staff from BARC and procurement of necessary equipment and instruments has already been started.

Among the biological studies monitoring for congenital malformation is a long drawn programme to be continued for
10 to 15 years to achieve adequate sample size to make this a monumental population study. In this cytogenetic
programme major emphasis will be on adults utilizing a cohort of families from areas with different radiation
background levels and by employing more precise cytogenetic investigations such as banding techniques and FISH
whenever possible. The cohort of population once built will be utilized for DNA polymorphism and germ line
mutations, and other studies as envisaged in the detailed futuristic programme. The newboms cytogenetic will
concentrate on constitutional chromosomal anomalies using new cytogenetics. Cytogenetic analysis of malformed
children will be required to elucidate the nature of chromosomal variation and its association with the birth effects. The
facilities for cell transformation, tissue and data banking for long term studies will be another major focus of the
programme. DNA degraded products in body fluids of placenta and other available tissues using HPLC, already
procured for this purpose in CBD will be introduced to elucidate the total DNA damage among individuals. The
computer data base will need to be strengthened with additional hard and software and procurement of statistical
packages for epidemiological and genetic analysis.
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NUCLEAR AGRICULTURE &
BIOTECHNOLOGY DIVISION

Major Achievements

Release and notification proposal of the blackgram variety

TU94-2 has been submitted to the Central Varietal Release

Committee, ICAR for approval for the South Zone. Large scale

seed production programme has been undertaken with the help of

State Farmer's Corporation, Ministry of Agriculture, Government

of India.

Genetic studies in soybean showed that the resistance to

bacterial leaf pustule disease is controlled by two recessive

genes. The resistant selections are being evaluated in field

trials.

In Brassica napus. thirteen lines out of 40 studied in the

Mg generation bred true for aero erucic acid and aero

glucosinolates. These lines were superior in yield to the parent

culture. Half-seed analysis was employed in these lines to

isolate pure lines having high yields and '00* character. Five
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Trombay mustard cultures which were superior in yield to the

check variety are being evaluated in multilocation trials.

CLL (Chenopodium leaf lectin) was purified from the leaves

of Cheropodium, a ho3t plant for many viruses. CLL is a novel

plant lectin with B-cell specific mitogenic activity. The N-term

amino acid sequence of first 15 amino acids NEQKVYITIGGLGDD has

no antiviral proteins. Several leaf proteins of thi3 species

have antiviral properties.

The RAPD method in conjunction with the separation of

amplified products on denaturing PAGE and silver staining

demonstrated a few variety-specific bands in Trombay groundnut

varieties. The analysis of diploid wild species of Arachls using

RAPD showed species specific band pattern.

The ribosomal RNA genes (rDNA repeat unit of about 12 kb)

of groundnut have been cloned and the restriction sites mapped.

The 513 based partial sequence coding for 5*25S RNA subunit

showed over 90% homology with the corresponding segments of

soybean. The four Xba I 3ites in IGS (Intergenic Spacer) is a

unique feature of groundnut. The 2 EcoRI, 3 BamHI, single Hind

III sites are the features it shares with other crops.
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Four possible RAPD markers for low eruclc acid in B. naous

were detected.

Trombay groundnut selections, TG-33, T G-34 and TG-35

reached final 3tages of evaluation in different zones in the All

India Coordinated rabj./summer trials. About 160 quintals of

breeder seed worth Rs.6 lakhs of Trombay groundnut were produced

and sold to seed multiplying and other agencies. Bulk seed and

fruits, after experiments, worth Rs.35,000/- were sold to

employees. Under the Public Awareness programme on Peaceful Uses

of Atomic Energy, Trombay varieties of groundnut and mustard

were grown at Kota and Narora.

Since the vigour and mating competitiveness of sterile female

improves when subjected to fractionated dose of radiation, the

effectiveness of such a male vas studied. Fecundity and

fertility pattern of a female mated to such a male showed that

the effective life of the male was only 5 days eventhough the

survival was comparable to that of non-irradiated male i.e. 17

days.

The utility of Dlnarmus vagabn^dpa was evaluated in the

3tored pulses godowns of Maharashtra State Seed Corporation Ltd.
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Mungbean samples drawn one month after artificial infestation

with the parasite had an adult population of 37, compared to 2279

in the control.

Significant adverse effect on longevity, fecundity and

fertility was observed in Qallosobruchus maoulatua and C.

chlnesis when released on thiram treated seeds. Thiram

environment reduced the searching ability of the parasite P,

vagabundus.

Evaluation of array type trapping system baited with

Heljothig pheromones over an area of 170 ha at CICR, Nagpur

showed more catches in the inner traps compared to the outer.

This was due to the abnormal rain pattern.

Under DBT funded network project on "Development of

transgenic cotton resistant to bo11worm attack", the toxicity

spectrum of E. coli based constructs developed at NBRI was

determined using spotted bo11worm and armyworm. The toxicity of

the different constructs was different depending on the larval

stage and the organism studied.
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Greenhouse studies to evaluate partially acidulated rock

phosphate (PARP) showed that residual plant available phosphorus

levels in soil were higher in laterite and alluvial soil treated

with PARP products as compared to Mussorie rock phosphate treated

soil.

The results from the microplot experiments on repeated

application of normal (non-irradiated) and irradiated sewage

sludge to an inceptisol with successive maize-greengram-cropping

sequence indicated no yield differences between the two types of

sludges. Soil analysis did not show appreciable variations in

the various soil parameters either before or after harvest. The

efficacy of both the types of sewage sludges is at par and no

deleterious or toxic effects were noticed in the crop or in the

soil.

Studies on the total 14C-mass balance of ^C-DDT were

conducted in a marine sediment ecosystem using a continuous flow

system for 130 days. DDT was mineralised to carbondioxide and

organic volatiles. The extractable 14C-residues were more in

moist sediment whereas more soil bound residues were formed in

flooded sediments. Formation of DDD and DDMU indicated the

enhanced anaerobic degradation of DDT under flooded marine

sediment.
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A fungal strain with effective biocontrol efficacy against

post harvest rots of vegetables and rhizomes isolated from

Trombay was identified and deposited a3 Trichoderma

p.qeudokonlTigii (MTCC 3011) with Microblal Type Collection Centre,

Chandigarh.

The micropropagated plants of turmeric had significantly

higher yield over the conventionally propagated controls at

Trombay and at Agricultural Research Station, Sangli. Leaf-

derived plants of pigeonpea having higher yields at Trombay are

being evaluated at PDKV , Akola.

Somatic embryos Induced in anther culture of the wild type

grape, vitis latlfolia were successfully converted to plantlets

In vitro. Micropropagation protocol using axillary buds of

cultivated grapes and pineapple was standardised. In pineapple

40-50 shoots per bud were obtained in, vitro. ^

Multiple shoot cultures of 29 different. banana accessions

were maintained and the effect of various growth factors were

studied for the fine tuning of protocols. The hardened plants

were field planted. Shoot cultures of elite cultivars were given
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to MPKV, Rahuri for multiplication. Optimisation of In vitro

protocols for high efficiency multiplication was done for sweet

flag.

The bioreactor technology for large scale cultivation of

plant cells and production of high value bioactive compounds was

transferred to Ms. Rabra Drugs Ltd., Indore. The infrastructure

facility for this system was set up in 5000 sq. ft. area for

propagation of cell cultures and down stream processing. Each

bioreactor is equipped with helical impeller and is designed with

several options to perform fed batch, continuous, double stage,

semicontinuous and batch operation modes. Sterility runs in 50

and 100 lit. bioreactors have shown excellent results.

Native or pretreated biomass of different strains of fungi

belonging to Rhizopus. Aspergillus and others were investigated

for their potential to remove heavy metals and radionuclides like

Cl, Cu and Cr. Chemical pretreatment of the post-harvested

biomass significantly enhanced the biosorptlon rate for Cl.

Certain species of filamentous fungi had a faster rate of uranium

uptake compared to Rhizopua.
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Sunflower plants and mustard seedlings were Investigated for

the removal of Cl. A number of fungal strains Isolated from

polyurethane dumping site are being Investigated for

biodegradation of toxic waste containing toluene diamine and for

degradation of synthetic polymers.

Techniques were developed for, the covalent binding of

enzymes to lignocellulosic supports, the preparation of stable

alginate beads and tubes, and the simultaneous isolation and

immobilization of glycoprotein like lnvertase. The process for

the extraction of industrially important enzymes like catalase,

invertase and ADB from economically available commercial yeast

has been scaled up to treat over 10 kg of yeast.

Biochemistry of chlorophyll degradation in Cavendi3a bananas

during ripening was studied. Enzyme Mg-decheletase which

catalyses the formation of pheophoride-a, an anttcancer compound

has been purified from banana and characterised. Employing

novel method of transformation using PEG, GaClg and hexamine

cobalt chloride three binary constructs were transferred into

Agrobac.te.rlum-
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An efficient system for the detection of PVY (Potato Virus

Y), a pathogen of potato was developed by PCR technique in which

coat protein oDNA was synthesized from viral RNA using reverse

transcriptase and a specific primer for amplification. Jasmonic

acio was identified as a signal iaolecule for the enhancement of

disease resistance in potatoes.

Photosynthetic pigment content and PSII electron transport

activity were reduced under salinity in both mung (salt

sensitive) and mustard (salt resistant). The pigment protein

pattern of both the crop3 were similar. The thermoluminescence

glow peaks suggested that the changes in the PSII activity was

due to alteration in the quinone binding sites.

The existence of a gradient in chlorophyll development was

examined in wheat leaves. The apical portions showed mature

chloroplasts and the younger chloroplasts were basipetally

arranged. These studies further showed that light modulated

development of chloroplasts are regulated by an obligatory light

dependent IAA Oxidase actvity in developing thylakoid membranes.
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A process has been successfully developed for the over

production (about 40 fold) of Basmatl aroma in the callus and

suspension cultures of Basmati rice by manipulating the culture

media with metabolic intermediaries of aroma biosynthesis. The

aroma produced wa3 extra-cellular and was highly water-soluble.

A bioreactor of the encapsulated cells is designed which

facilitates continuous cell growth and aroma production.

The peroxidase enzyme profiles and the total activity in 27

banana varieties were determined to probe the possibility of

using peroxidase as a marker.

A sustained callus growth of Taxus baccata with good yield

in 15 days after incubation was achieved. Analysis of the callus

for taxol, baccatin and other taxanes showed encouraging results,

preparation and scaling up of suspension culture cells to a litre

capacity without contamination was achieved.
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NUCLEAR PHYSICS DIVISION

Major Achievements

1. Experimental Nuclear Physics

The experimental nuclear physics programme has been mostly carried out in the 14MV
Pelletron accelerator laboratory located at TIFR, Colaba. The main highlights of this
research programme are as listed below.

Fusion Fission Reactions

Departure of the angular anisotropies of the fission fragments, observed in heavy ion
reactions, from those expected from the standard saddle point model continues to be a
topic of current interest. In this field, an interesting observation has been made
establishing the importance of shell effect. Systematic measurements have been made in
the 12C + f*U98Pt reactions. While the angular anisotropies in 12C + l94Pt reaction could
be explained by the standard model, those for 12C + 198Pt were significantly higher. It has
been argued that the anomalous fission fragment anisotropies observed in the latter case
leading to a compound nucleus with neutron number N = 126 (a magic number) are
influenced by the shell closure effect in the potential energy surface of the fissioning
nucleus. This conclusion has been corroborated by a further observation comparing the
anisotropies in 19F + l94Pt (compound nucleus with N=126) and I9F + l98Pt reactions.
Again, the former exhibits anomalous anisotropies while the latter shows normal values.

For studying the effect of projectile ground state spin on the fission fragment anisotropies
at sub-barrier energies, measurements in the uB(spin 3/2) + 232Th and B(spin 3) + Th
systems were carried out over a bombarding energy range spanning sub-barrier and
above-barrier region. It is seen that the B + Th system exhibits anomalous
anisotropies at the sub-barrier energies, when compared with theoretical statistical model
calculations. These results have been interpreted on the basis of the pre-equilibrium
model, which incorporates the K-dependent transmission coefficients in the entrance
channel for calculating the fission probabilities.

In order to get more insight into the different collective spin modes excited in the fission
fragments, spin distributions in the fragments have been measured following 12C, 16O and
19F induced fission reactions on 232Th and 209Bi. The fragment emission angles chosen
were 90° and 165° with respect to the beam direction. The collective spin modes were
seen to be suppressed for fragment emission along 90° corresponding to the population of
high K-states in the fission process. The suppression factor was found to exhibit a
universal scaling with respect to the rotational frequency of the fissioning nucleus along
the fission symmetry axis.
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In another measurement, the average spin of fission fragments were measured as a
function of fragment mass in 12C and 16O induced reactions on 232Th and 209Bi. The
bombarding energies encompassed the near-barrier and above-barrier regions. The mass
dependence of the fragment spin was observed to be markedly different for the two
targets. For the former one, the observed features could be ascribed to incomplete
equilibration of the collective spin modes, where the mass relaxation at extreme mass
asymmetries terminates before full statistical equilibration of the collective spin modes.

In order to investigate the fusion-fission dynamics in heavy ion reactions, the pre-scission
neutron spectra and multiplicities have been measured as a function of fragment mass in
i9F + 209Bi( 232jh r e a c t i o n s a t i ,e a m e n e rgy o f iQ8 MeV. Two NE213 neutron detectors
were used at 85° and 160° with respect to the beam direction. The combination of a Si
detector and the large area ionisation chamber was used for the determination of the
fragment mass. The data are being analysed to determine the pre and post-scission
neutron emission characteristics, which will provide information on the fission time
scales as a function of the mass asymmetry of the fission fragments.

Investigations on the fission process at deep sub-barrier energies were carried out by
measuring the fission cross sections in the reactions UB, 16O, 19F + 232Th at the sub-
barrier to extreme sub-barrier energy region. Two MWPCs were used to separate the
fusion-fission(FF), transfer fission(TF) and low momentum transfer fission(LMTF)
events. The FF cross sections could be accounted for by the CCDEF calculations by
coupling the excited state and deformations of the projectile and target. The TF cross
sections relative to the FF cross sections show rapid increase at sub-barrier energies. The
LMTF events showing a rather weak energy dependence could be largely but not
completely explained on the basis of neutron background induced fission.

Information on the fusion barrier distributions in highly fissile systems were extracted
from the measurements of quasi-elastic cross sections at backward angles in I2C, I6O, 19F
+ 232Th reactions at sub-barrier and above-barrier energies. The transfer cross section data
in the same reactions provided the transfer probabilities as a function of the distance of
closest approach for \p, 2p, 3p transfer channels.

Elastic and Inelastic Scattering

The knowledge of the heavy ion interaction potential and the effect of channel couplings
in the heavy ion reaction are very important. In this regard a detailed study for the system
l2C + 2O8Pb has been made encompassing the measurements on elastic, inelastic and
transfer channels from below to above barrier energies. Detailed optical model and
coupled channels analyses of the measured data have beenper formed. A comparison of
these measurements with those made earlier in the 12C + Bi system will bring out the
role of the last odd proton above the closed shell. It is found, for example, that the so-
called threshold anomalies exhibited in these two systems are comparable and not
influenced by the last proton.
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Nuclear level density measurements

Nuclear level density (NLD) is a very important physical quantity depending on both
excitation energy (Ex) and nuclear spin (J). A direct experimental measurement of the J-
dependence over a wide range is not yet available. A programme of such a measurement
has been started in mass A-100 region via the measurement of first step proton
evaporation spectra gated with low energy gamma multiplicity windows. The reaction
studied was C + 93Nb at beam energies of 40 and 45 MeV. The high-energy protons
were detected in coincidence with a gamma multiplicity setup. The fold distribution of
gamma rays at different proton energy bins will be used to extract the spin dependence of
NLD (upto ~ 25 ft ) at different Ex (upto - 25 MeV) in the nucleus 104Pd.

Evaporation barrier from emission spectra

The evaporation barrier distribution for alpha particle emission has been extracted from
data on evaporation spectra in the 19F + 93Nb reaction leading to m S n nucleus at 79 MeV
excitation energy. The barrier distribution extracted by this method is seen to compare
reasonably with the CCFUS calculations.

Hard photons in proton induced reactions

Production of high-energy gamma rays (upto ~ 35 MeV) in low energy proton induced
reaction (Ep ~ 30 MeV) is not yet fully understood. The direct semi-direct capture model
has been applied for one case at Ep ~ 20 MeV in the literature. A computer program has
been developed in the Division for such a calculation for various electric multipole
transitions and with a view to extracting information on the single particle (s.p.) strength
distribution in heavy nuclei via such measurements. The calculation has been applied to
our earlier measured (p,y) cross sections on 197Au at Ep = 27 MeV. The success of this
model for the high-energy part of the spectrum has given information on s.p. strength
distribution in 198Hg upto an excitation energy - 1 2 MeV.

Multi-nucleon transfer reaction studies

Effects of extra valence nucleons on the multi-nucleon transfer processes were
investigated by comparing the yields, angular distributions and energy spectra of the
transfer products in 0 , 0 + Yb reactions at different bombarding energies. Many
characteristic differences were observed in the transfer processes in the two reactions.

Instrumentation

A high energy gamma ray detector assembly has been set up for future nuclear
experimental research programme measuring gamma rays upto ~ 25 MeV energy. The
assembly consists of seven close-packed BaF2 detectors each having a hexagonal cross
section with a face to face distance of 6 cm and a length 20 cm. It is surrounded with an
annular plastic detector of thickness 5 cm required for active shielding of the cosmic rays.
The detector assembly has been tested for its various characteristics such as the energy
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resolution, time resolution, pileup rejection, cosmic ray rejection etc. The main use of this
detector will be to investigate the nuclear giant resonances built on excited states vis a vis
the shape evolution of hot rotating nuclei.

A AE-E ionisation chamber of annular geometry has been fabricated for measurement of
particles in a narrow cone of 170° ± 2° with nearly full azymuthal coverage. The beam
passes through the central tube of the detector before striking the target. The detector has
been tested for alpha particles and fission fragments from a Cf source and experiments
are being planned to carry out sub-barrier transfer and scattering measurements using
beams from the Pelletron accelerator.

The technique of pulse shape discrimination with Si detectors using cross-over method
was applied to identity fission fragments from projectile like fragments. This method has
been successfully applied to measure fission fragment angular distributions at sub-barrier
energies, where there is a dominant elastic scattering background on the energy spectra of
the fission fragments.

2. Theoretical Nuclear Physics

Intermediate and High Energy Hadronic Studies

To investigate the nuclear forces in the strange baryon sector, studies have been done for
the parity violating A production in pn -» pA reaction and the strong interaction
associated A production in pp-^JCAp reaction. The interest had been to learn about the
nature of the transition operator in two cases. For the parity violating weak interaction
process, the calculations have been done for the total and differential cross sections as
well as the asymmetry. These observables are found to be sensitive to both, the structure
of the weak transition potential and the choice of the strong interaction potential between
p and A. To disentangle these two, the calculations are being done for the cross section
for the pp-* fCAp reaction. The cross section is written in terms of one kaon and one
pion exchange mechanism. The preliminary calculations show large differences in the
results using the Nijmegen and Juelich potentials for the Ap interactions.

The weak decays of heavy mesons, namely D (charmed) and B (bottom) mesons, for
color favored and suppressed processes are understood phenomenologically in
factorisation scheme with the help of two parameters a\ and ai. It has been shown that
these two parameters include the effects arising from nonfactorization, annihilation and
inelastic final state interactions. Values of these parameters have been determined for

several decay channels of D and B mesons such as D -* Kn, K p, K *n, Ds
+ -> T]n+,

rf?r+ , rjp+, rfp* and B° —> D~x+, D~p+ using hadronic and semi-leptonic decay data.

The 7 meson production inp-p collisions over a wide range of incident energies has been
investigated using the resonance model. Only the Su (153S) resonance and distorted
wave approximation for the initial and final states have been used. The observed cross
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sections can be understood for the pp -> pptj channel only if a sum of one-pion, one-eta,
one-rho and one-omega exchange potential is taken for the pp —> pi/ transition potential.
The dominant contribution has, however, been found to come from p meson exchange.
The distortion has the effect of reducing the cross section.

In a proton-deuteron collision around 1 GeV it is possible to excite both the nucleons in
the deuteron to the delta resonance. An investigation has been initiated to estimate the
cross section for such a process using the double scattering of the beam proton on the
deuteron and utilizing the transition potential generated by us earlier for the pN-> NA
transition.

Cross sections for the coherent p meson production in the (pp') reaction on l2C target
have been calculated. The virtual p meson produced at the/?/?' vertex is assumed to be
brought to its real state by the coherent effect of the nuclear elastic interactions. The p
meson optical potential has been deduced from the modified mass of the p in the nuclear
medium. The /wangle integrated double differential cross section for the p' energy

distribution has been calculated for the forward going proton. The p meson optical
potential is generated for the cases where its mass is reduced in the nuclear matter by 100
MeV or 150 MeV. The calculated distributions show, besides broad elastic peak, narrow
structures for 1.5 and 2.0 GeV beam energies. The cross sections are found sensitive to
the magnitude of the mass modification of the p meson.

The formalism developed by Jain and Kundu for the propagation of a resonance in the
nuclear medium has been modified to the case of heavy-ion collisions at relativistic
energies. The formalism includes coherently the contribution to the observed di-lepton
production from the decay of the resonance inside as well as outside the nuclear medium.
The calculated results are presented for the p meson production. It is observed that, in
general, the shape, magnitude and peak position of the coherently summed invariant mass
distribution is much different from that obtained by summing the inside and outside
contributions incoherently. The mass distribution is also found to be sensitive to the
amount of the medium modification of the/? meson.

With the recent availability of polarized and unpolarized structure functions and parton
distribution functions (PDF's) it became possible to parameterize them. Typically 15 to
20 free parameters comprise the standard parameters for PDF's. Using the ideas from
statistical mechanics it has become possible to describe the PDF's for proton as well as
neutron in terms of only two physically motivated parameters for each of them. This
model is not only able to describe the available polarized and unpolarized data well but is
also able to describes the momentum fractions, Gottfried sum etc,

QGP Calculations

First order quark hadron phase transition is considered in scaling hydrodynamics
including the Csernai-Kapusta model of nucleation of hadronic bubbles leading to
supercooling. The effect of viscosity on the entropy production is studied in ideal as well
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as in viscous hydrodynamics with and without supercooling. It is found that the excess
entropy produced due to supercooling depends weakly on viscosity.

A detailed study is made to understand the origin of bag constant B, its relation to quark-
quark interaction and to get its correct estimate. With help of the Hugenholtz-Van Hove
theorem of the non-relativistic many-body theory, a formula for B, in terms of the
effective quark-quark interaction is obtained. For a harmonic two-body potential an
analytic expression for B is derived which depends on quark density of the system. This
is compared with the bag constant expressions obtained with both relativistic and non-
relativistic Fermi gas model. The bag constant estimated with all these models are in
quite good agreement for same quark density used. It is also shown that both relativistic
and non-relativistic quark systems confined in a bag satisfy the Hugenholtz-Van Hove
theorem.

The effect of baryon density on the evolution of the QGP has been studied in the scenario
of a gluon dominated initial state. It is seen that in the presence of baryon density, the
plasma cools less rapidly as compared to a baryon free plasma, thereby enhancing the
integrated yields of the photons and di-leptons.

Nuclear Scattering and Reactions

Exact quantal and WKB expressions have been obtained for the s-wave phase shifts for
complex nuclear potentials of proximity, Woods-Saxon and Eckart forms. Except for
very low energies the WKB results compare well with the exact quantal results.

It has been demonstrated that for the real potentials the complex turning point in the usual
WKB method yields complex and unrealistic phase shifts. It has also been demonstrated
that the WKB approximation for tunneling through an arbitrary complex potential
developed by J. Heading in 1967 defies the principal of unitarity i.e., reflection +
transmission < 1.

The conventional distorted wave impulse approximation (DWIA) analyses of (cc,2a)
direct cluster knockout nuclear reactions indicate very weak attenuation of the a's by the
residual nucleus. One of the basic inputs of ail these analyses is the use of short-range
approximation of the ct-a interaction. It was found that the a - a scattering cross section
used in these DWIA calculations is very large even for / = 6 partial wave which
correspond to impact parameter b * 2.2 fm for the 90 MeV (a,2oc) reaction. This a - a
distance being comparable to the range of the distorting potentials besides the a - a
interaction being repulsive upto this range leads to a large finite range correction. This
correction has been shown to be amplifying the contribution of the nuclear interior to the
(a,2a) reactions. This amplification of the nuclear contributions effectively represents
weak attenuation found in the zero range distorted wave analysis of the (a,2a) reaction.
Hence the finite range effects are shown to explain the orders of magnitude anomaly in
the (a,2a) cluster knockout reactions.
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Fusion calculations were performed for the 58Ni + 60Ni system using the simplified
coupled channel fusion code (CCFUS) including many of the earlier neglected transfer
channels. These transfer channels were found to strongly affect the shape of fusion
barrier distributions.

The couplings to proton, triton and alpha pickup for I6O + 208Pb system have been found
to be of no consequence even when the Q-values for some channels are favourable for
transfer. Fusion appears to be inhibited by ct-transfer coupling whereas it increases the
reaction cross section substantially around the barrier energies. Model coupled reaction
channel, (CRC) calculations with the inclusion of 2n pickup channels indicate that fusion
is effected more significantly and that the contribution to the total cross section alone is
not a criterion to exclude a channel from coupling scheme.

The CCFUS code has been used to study the nuclear structure information obtained from
the analysis of fusion barrier distribution. The 16O + 144Sm system has been studied An
example is given showing that two cases of widely different nuclear structures lead to
almost the same fusion results. The inconsistency of structure information deduced from
the fusion studies with the results from other methods is shown. Therefore deriving the
structure information from the fusion barrier distribution analysis depends on the use of
correct physical model for fusion.

The anomalous angular anisotropies of fission fragments observed in heavy ion induced
reactions at sub-barrier energies has prompted the hypothesis of quasi-fission processes
in which the projectile interacts with the tips of a deformed target nucleus. This leads to
the K-dependent entrance channel transmission coefficient. The ground state spins of the
projectile or the target further modify the entrance channel K-distributions thereby
affecting the angular distributions. A full quantum mechanical code for the calculation of
fragment angular distributions within the statistical model formalism and including the
above features has been developed. These calculations can explain the observed
anomalous features in many systems.

3. International Collaboration Programmes

PHENIX experiments

Detector parts for the muon tracking chambers of the PHENIX detector were shipped to
LANL, USA. Further fabrication work is in progress in the Central Workshops for both
the south and north muon arms of the detector.

BARC - COSY Collaboration

The data for the reaction pd—> 3Her\ collected during Sep-Oct'97 run at COSY, Juelich
have been analysed at BARC. A PC/Linux based data analysis setup similar to the one
existing at Juelich was developed for this purpose. The angular distribution and the total
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cross section have been obtained. The results are reported in the DAE symposium on
Nuclear Physics 1998. The experiment is expected to be completed in 1999.

Another experiment performed in Oct. 1998 at COSY was on the investigation of charge
symmetry breaking in nuclear reactions. The cross sections for the reactions pd ->3Hn*
and pd ->3He7^ were measured simultaneously with the help of the existing magnetic
spectrograph, BIGKARL and two independent sets of focal plane detectors consisting of
drift chambers and hodoscopes. The data analysis is in progress at BARC.

The procurement of the detector elements of the detector ENSTAR is in progress.

A COSY-GEM collaboration meeting involving all the partners in the collaboration was
held at BARC during December 1998 in order to review the experiments done during
1998 and to decide the work plan for 1999.

Experiments at Legnaro, Italy

An experiment was carried out with beams from the tandem + LINAC accelerator at the
Legnaro National Laboratory. The experiment was aimed to study the fission dynamics
through charged particle multiplicities and energy spectra in 28Si + 232Th, 209Bi systems.
A 4u light particle ball was used to measure fission fragments, transfer products and light
charged particles emitted during the reaction process. Data analysis is in progress.

Experiments with radioactive beams

A program to study giant resonances, which are the fundamental modes of nuclear
excitation, in nuclei far from the stability line has been initiated. The radioactive ion
beam (RIB) facilities required for such studies do not exist within the country and the
programme will be carried out at RIKEN, Japan, with support from, the local scientists
there. The RIB produced by fragmenting a primary beam at about 100A MeV will be
mass separated and Coulomb excited using a lead target. The excitation cross section will
be inferred from the projectile like fragment energies measured in coincidence with
neutrons, protons, alphas and gamma rays. From this the electromagnetic El and E2
strength functions will be extracted. The proposal to study 20<22O nuclei after establishing
the feasibility of this method using the stable 16O beam has been submitted at RIKEN.

4. Folded Tandem Ion Accelerator Project

The installation and testing of various components associated with the FOTIA project at
Trombay has progressed well. The assembly of the high voltage column section with
ceramic insulators was completed. Each module has 4 ceramic insulating posts, and 18
corona gaps which are connected by equipotential hoops. To ensure that each insulating
column post was under compressive stress a screw jack assembly was designed, tested
and installed. At present, the column section consists of 6 modules. The vibration tests on
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the column section were carried out with rotating shafts and charging system in position.
The maximum vibrational amplitudes were found to be within the safe limit of 30(i. In
view of the necessity of a gas stripper for experiments at low energies and to create
enough space for the beam handling components like the electrostatic quadrupole doublet
etc. inside the high voltage dome, the number of modules were reduced from 7 to 6. A
jacketed cylindrical shell was designed and fabricated at CWS to compensate for the
dimensions of one module and is being installed in the system.

The charging system consisting of a drive motor, pellet chain, idler pulleys and charging
power supplies was commissioned. In order to have uniform potential gradient along the
column the corona needles were installed. A corona probe drive and a generating
voltmeter (GVM) were calibrated and installed on the accelerator tank. The charging
system, the corona probe and the GVM were coupled to the computer control system of
the FOTIA for remote handling of thfr parameters.

The gas handling system, which consists of an oil free compressor, a blower, a heat
exchanger, oil filters, dust filters, vacuum pumps, dryers etc., was installed and
commissioned in collaboration with RSMD. During the testing of the column section it
was found necessary to incorporate an additional dust filter at the entry of the accelerator
tank. This was designed such that it could be inserted in gas line without requiring any
modification in the line. The filter, fabricated in the NPD workshop and installed in the
line, is working satisfactorily.

A high voltage of 3.4 MV was achieved on the terminal with N2 + CO2 mixture filled in
the accelerator tank at 98 psig using the gas handling system. During these tests ±20 kV
was applied on the electrostatic inductors to get the required charging current of 25uA A
corona probe system with about 5uA load current stabilised the terminal voltage. The
terminal is expected to go upto 7.5 MV with SF6, as the electric breakdown strength of
SF6 insulating gas is about 2.2 times that of the N2 + CO2 mixture. All the parameters
were controlled and monitored with the QNX based computer control system.

In FOTIA, accelerated beam will be analysed by the 90° dipole magnet designed for a
magnetic field of 14kG and ME/q2=50 with a radius of curvature of 75 cm. The
fabrication of the magnet has been completed in CWS. The coils for this magnet were
made at CAT, Indore. Each of the two coils, made of 56 turns of 12 mm x 12 mm hollow
copper conductor has a resistance of 40 mQ and can carry a maximum current of 500
Amp.

The 180° magnet (ME/q2=10, R = 30.5 cm) has been tested for its field uniformity which
was found to be ±0.15%. A magnetic field of 10.2 kG was measured at 100 Amp. The
two coils of the magnet, made of 75 turns each, are wound from copper strip conductors
of size 0.78 mm x 51 mm. The close loop cooling system for the magnet, which consists
of cooling jackets, a reservoir, a circulating pump, valves etc., is being installed in the
system.
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5. Pelletron Accelerator Facility

The HUD Pelletron Accelerator has been continuously running round the clock since
January 1989 with a progressively increased efficiency. To commemorate the ten years
of fruitful operation a two-day workshop was organised. The year 1998 particularly was
remarkable in terms of the accelerator performance. Out of the total 8760 hours, 5266
(60.11%) hours were used for accelerator operation, 1671 (19%) hours for scheduled
maintenance, 462 (5.2%) hours for unscheduled maintenance and 1361 (15.5%) hours
for conditioning of accelerating tubes. There were only five tank openings during this
year - three scheduled and two unscheduled. In a major preventive maintenance drive all
the ion pumps inside accelerator tank were replaced and old pumps were reconditioned.
Some of the beam line components inside accelerator tank were rearranged for better
beam transmission. The ion beams accelerated during this year were ]H, 7Li, UIOB, 12C,
l6O, l9F, 24Mg, 28Si, 31P, 35C1,51V, S8Ni and l07Ag.

The sputter cathode development program at the ion source test bench setup has
advanced and both mono-elemental and multi-elemental cathodes can now be fabricated
indigenously. The sputter-characteristics of the elements of users' interest are optimised
by making use of the methodologies developed in our laboratory. A multi-cathode sputter
ion source having the wheel arrangement, with a remote stepper motor control, for
mounting thirty cathode samples has been design optimised and is presently under
fabrication.

Apart from the beam and the negative ton source development programs, the ion source
test facility is also being utilised to study the properties of sputter-ejected cluster anions
of a certain class of elements. Besides the fundamental interest, this has also proved to be
useful in providing MeV-cluster beams to the Pelletron accelerator users. A software has
been developed for the data acquisition and magnet power controller to carry out
experiment in ion source laboratory. The magnet is controlled through RS-232 serial
communication, and beam current is acquired from 12-bit ADC of CAMAC module or
PC ADD-ON card.

The other development programs for the smooth running of the machine were also taken
up. The stability of the generating voltmeter (GVM) was improved to less than 0.1%. by
incorporating the necessary modifications for grounding the rotor of the GVM motor and
using a constant frequency mains supply. A new GVM with modifications to the existing
one is also under fabrication for improving the stability.

The old turbo pump and the diffusion pump used for the ion source were replaced with
two new turbo pumps. The pumps and the beam line are isolated by isolation valves.
Necessary modifications were carried out by redesigning the logic circuit and with the
addition of relays in the interlock system to ensure the safety of the turbo pumps and ion
source setup in the case of mains power failure.
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The control of the Pelletron accelerator parameters is through the GAMAC system. Two
magnetic steerers and a quadrupole magnet were having hardware control. By adding
CAMAC modules such as ADC, DAC, IN/OUT registers etc. and making the necessary
wiring modification in the switchyard these are also controlled now through the CAMAC
system.

A buncher system is in use at Pelletron to obtain a pulsed beam. In order to correct the
energy spread of the beam a phase pick-up system is designed and tested. This will be
used during the pulsing operation and will be a part of the buncher system.

Installation and commissioning of the new Glassman high voltage supply (-300KV) used
in the ion source set up is completed. The original NEC high voltage supply is now in
standby mode.

The Pelletron accelerator facility has 5 beam lines. The magnetic steerers and the
quadrupoles in these have the same power supplies. A suitable panel with high current
sockets and plugs was designed and fabricated so that the high current power supplies
(40A) can be switched easily from one another. The switching of water and thermal
interlocks are also incorporated in this panel.

The beam optical and mechanical design of the electrostatic offset quadrupole triplet
charge selector, which will be installed in the HUD terminal, is finalised. Dummy
electrodes made of aluminium were tested for high voltage in vacuum and they could
withstand 80 kV with respect to each other in vacuum of 10'5 Torr. The fabrication of the
charge selector is in progress. This will minimise the loading in the high-energy tube and
the second foil stripper can be utilised in a more efficient way.

A new mechanism to short the Pelletron accelerator modules is being developed. The
salient feature over the existing system is that operation is fully automatic. Any module
can independently be shorted from control console and the status read back will be
available on the control console. Since the system is not external to the main accelerator
tank, there is no chance of SF6 leak. Each module have a separate system which consists
of an 1/8111 inch braided copper wire used for shorting the module and nylon wire coupled
with the copper wire via a steel coupler, a spring arrangement for positive contact and
two micro-switches to know the status. The nylon and copper wires are wound on
threaded pulleys of 70mm diameter, which will be housed inside the casting at either end
of the module. The pulley will be rotated by a stepper motor. One such system is tested
on a test-bench and is ready for installation inside the tank.

A multiple stepper motor controller using 8749 ^Controller has been designed. The
rotation, speed, resolution, etc. are user programmable. The input is taken from the 4X4
keypad, and the display is provided on a 7-digit, 7-segment LED. Special attention is
given to control most of the parameter through software. This controller will be used for
the new mechanism for shorting accelerator modules, for the multi-cathode ion source
using stepper motor having 0.9° movement per step and for the foil stripper movement.
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NUCLEAR RESEARCH LABORATORY &
HIGH ALTITUDE RESEARCH LABORATORY

Major Achievements

Today, the Divisional R & D activities arc spread out over units located in Mumbai, Mt. Abu,
Srinagar and Gulmarg. During the last few years, the implementation of the project u GRACE "
(for Gamma - Ray Astrophysics Coordinated Experiments) has become the thrust-area of activity
of the Division and this work is being largely handled at present in Mumbai and Mt Abu units.
Under this project, 4 high - sensitivity gamma-ray telescope systems are being set up in a phased
manner at the Gurushikhar Observatory for AstrophysicaL Sciences (GOALS) , Mt Abu , to carry
out spectral and temporal studies of cosmic gamma - ray sources over the entire gamma-ray energy
band, extending from hundreds of keV to hundreds of TeV. The first phase of this project has been
successfully completed with the commissioning of the Imaging Element of the TACTIC ( TeV
Atmospheric Cerenkov Telescope with Imaging Camera ) array. The research activities related to
the project GRACE encompass three major areas: (1) Fabrication, installation and operation of the
gamma-ray telescope systems at Mt. Abu. (2) Monte Carlo simulation studies of gamma-ray and
cosmic-ray • initiated extensive air showers and prediction of spectral, temporal and spatial
characteristics of the atmospheric Cerenkov events likely to be recorded in the focal plane
instrumentation of the GRACE telescope systems. (3) Theoretical studies related to the
identification of potential sources for observations by the telescope systems and the interpretation
of results obtained from the analysis of the data-bases. The Srinagar and Gulmarg units of the
Division has remained active in the field of solar - terrestrial physics and application of nuclear
radiations in sterilization work and in feasibility-demonstration studies of preservation of local
agricultural and horticultural products.

Installation of TACTIC array at GOALS, Mt. Abu

The mechanical structures of all three Vertex Elements of the TACTIC array
have been assembled at the provisional observatory site in Mt. Abu ( Fig. 1 ). A mobile dome has been
provided for the Imaging Element to protect the mirrors and the focal plane instrumentation during the
system off-time. The special-design duplex detector-array camera has been fabricated for the Vertex
Elements. These are going to be equipped with front-end instrumentation (mirrors & photomultiplier
detectors) and back-end electronics in the next few months.

Precision Timing Facility at GOALS, Mt Abu :

The precision timing facility at Mt. Abu has been upgraded and made more
extensive through the incorporation of a Global Positioning System (GPS) time - code receiver, resulting
in an absolute time accuracy of -300 ns. In addition, in a joint study conducted with the National
Physical Laboratory, New Delhi, the feasibility of using the INS AT satellite - based STFS (Satellite Time
and Frequency Service) in a differential mode has been shown to provide an absolute time accuracy of a
comparable precision (~1 microsecond). The differential STFS time-keeping system is now being
regularly deployed in Mt. Abu and Mumbai.
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Cosmic gamma-ray source observations with the TACTIC Imaging element:

The Imaging Element of the TACTIC array has been used with its 81-pixel
camera and an augmented trigger generator ( 72 pixels ) for observations on the active galaxies.
Markarian 421 and Markarian 501 during April - June , 1998. These observations were carried out as a
part of two international multi-wavelength observation campaigns on these interesting extragalactic TeV
gamma - ray sources, in which several other institutions from across the world participated with a variety
of satellite-borne and ground-based instrumentation. Preliminary analysis of the data collected from the
TACTIC observations has revealed that the Markarian 421 was marginally active during the three-day
period, April 22 -24, 1998, when it was also seen to be in a moderately high-state by the Japanese ASCA
X-ray satellite. The TACTIC Imaging element was also used for observing the standard TeV gamma - ray
candle source, the galactic supernova remnant Crab Nebula , during Nov. - Dec, 1998, but no signal was
detected, underlying the need for sensitivity optimization of the presently deployed Imaging camera. This
work is being addressed at present.

Time-coordinated observations in gamma-ray and optical spectral bands of the
BL-Lac object Markarian 501, using the TACTIC Imaging Element and the Gurushikhar optical
telescope of the Physical Research Laboratory, Ahmedabad, have revealed a significantly correlated
increase in the degree of polarization of the optical radiation from this source when it was observed in a
high ( flaring ) state by the TACTIC in April - May , 1997 ( Fig. 2 ). The implications of this interesting
observation with regard to the sites and the emission mechanisms of the optical and TeV gamma-ray
signals from this active galaxy are being investigated; they have an important bearing on settling the
important question of the nature of he progenitor prticle (electron vs. proton) for the gamma-ray signal.

Prototype MYSTIQUE array : site testing and polarization measurements :

The prototype MYSTIQUE Cerenkov detector array, pro-MYST, set up earlier
at GOALS, Mt.Abu, and employing 13 PMT-based wide - angle Cerenkov detectors , lias been operated
during the period Jan. - June, 1998 and Nov. - Dec, 1998, with the main objective of measuring the
polarization characteristics ( degree and angle of polarization ) of atmospheric Cerenkov events. This
information is likely to be helpful in locating the impact parameter of the primary particle (location of the
shower core) and may provide additional inputs for characterizing the nature (gamma-ray or cosmic-ray)
of the primary. Preliminary results obtained so far are in reasonable agreement with the results from
extensive Monte Carlo simulations of gamma-ray and cosmic ray - initiated extensive air showers. This
work is being done at Mt. Abu as a part of our collaboration programme with the Kenforschungzentrum
Karlsruhe (KZK) under the Indo-German programme of scientific cooperation.

Simulations of Extensive Air Showers using the CORSIKA code :

Detailed Monte Carlo simulations of the response of the TACTIC, MACE and
MYSTIQUE telescope systems to atmospheric Cerenkov events of gamma-ray and cosmic ray hadron
origin, have been carried out using the CORSIKA simulation code. A data-base, comprising
approximately 10,000 simulated extensive air showers has been generated and is being used, alongwith
appropriate back-up software, to optimize the different operating parameters of these systems. In the first-
ever results of this type , it has been shown that Cerenkov images, likely to be detected by the TACTIC
imaging camera, are behaving as fractals and that a combination of fractal and wavelet moments, in
addition to the conventional Hillas image parameters, provides a comparatively superior primary
characterization, leading to a significant improvement in the background rejection capability of the
TACTIC system and a correspondingly higher detection sensitivity for cosmic gamma-ray source
detection. The event characterization approach, based on the fractal and wavelet approach has also been
found to lead to an improved segregation of the events in terms of the primary progenitor particle ,
indicating the possibility of using the TACTIC system for cosmic-ray mass-composition studies at
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energies above 10 TeV. This work has also been undertaken under the above-referred BARC-KZK
collaboration programme.

Simulation studies have also been carried out to establish the possibility of
conducting concurrent on- and off- source observations with the TACTIC Imaging Element in order to
exploit its relatively large field-of-view of 6 degrees diameter. Such an operational mode will make it
possible to effectively double the on-time of the system and make it more amenable for detection of
sporadic gamma-ray emissions.

LAW A detector development for the MYSTIQUE array :

The Large Area Wide Angle (LAWA) Cerenkov detector, proposed to be used
in the MYSTIQUE gamma-ray telescope array, has undergone a major design modification on the basis of
the experimental and simulation results obtained so far. In the new design, it is proposed to use a 1 m x 1
m x 100 micron film of wavelength shifter-doped plastic scintillator film, spread evenly on a polished
Aluminium sheet for mechanical support, as the basic detector element. Fluorescent photons, produced
following the absorption of the incident Cerenkov photons in the scintillator, are expected to suffer total
internal reflection within the film itself and get propagated to its four edges from where they will be
directly coupled to PMT's through optical fibre bundles. A prototype LAWA detector, based on the above
concept, is being fabricated for laboratory testing an J further optimization.

A new optical filter is being tested for use with the MACE experiment of
project GRACE at Mt. Abu. The filter consists of an aqueous solution of nicket and cobalt with ethylene
diamine as the chelating agent. The filter is transparent in the far ultraviolet (200-300 nm) region and
effectively absorbs light above 300 nm and is likely to pave the way for using the MACE telescope for
gamma-ray observations in the ultraviolet window during non-dark (e.g., moonlit) portions of the day,
thereby leading to a significant increase in the operational duty-cycle of the experiment

Spectral ratio - based trigger generator for TACTIC Vertex Elements:

A novel amplitude ratio - based trigger generator has been developed for the
three Vertex Elements of the TACTIC array. This system seeks to exploit the well-known differences in
the spectral content of the atmospheric Cerenkov events and the light of the nighjt sky in the visible region
(lambda -300 - 600 nm) to significantly suppress the accidental coincidences of shot-noise origin and
thereby enable these telescopes to operate at a lower threshold energy. The two wavelength bands ,
considered for determining the resultant B/G spectral parameter, are 300-450 nm ( Blue or B-band )and
450-600 nm (Green or G-band ). Simulation studies indicate that this mode of operation may also help to
supress the cosmic-ray generaed background events.

Digital Storage Oscilloscope - based system for Cerenkov event temporal profile recording:

The differences expected in the temporal features of gamma-ray and cosmic-ray
initiated atmospheric Cerenkov events can be utilised for a possible characterisation of the progenitor
particles (gamma-ray, proton, Neon, Iron). A system for the segregation of these two event types, detected
by the multi-pixel cameras of the 3 Vertex Element? of the TACTIC array, has been developed. This
special purpose module utilises high-speed analog switches and a giga-Hertz sampling rate Digital
Storage Oscilloscope ( DSO ), alongwith linear summing circuits to handle signals from all the 16
channels of each Vertex camera. This circuit has been successfully tested in the laboratory.

Amplitude calibration of TACTIC camera pixels - development of a fluorescent pulser :

A novel fluorescent pulser, with peak emission at lambda ~ 450 nm, lias been
designed for carrying out amplitude calibration of the photomultiplier pixels of the TACTIC imaging
camera. The pulser essentially comprises a blue Light Emitting Diode ( LED ), embedded in a pellet of
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polymetha methyl acrylate (PMMA), doped with an appropriate concentration of a suitable wavelength -
shifter dye (Coumarine). Laboratory tests have shown that the puJser produces an almost uniform photon
field, both above and below the horizontally - mounted pellet, with a negligible amplitude jitter. This
inhouse - made, fluorescent pulser will help eventually to replace the more expensive nitrogen flash lamp
- based amplitude calibration system of the TACTIC system. This light-pulser has potential as a
technology-transfer item and should also appeal'to other users of photon-sensor devices.

2. Theoretical Astrophysics:

Detection ranges of GRACE experiments for cosmic gamma - ray detection :

In theoretical astrophysics, the cosmic Gamma • Ray Burst ( GRB ) detection
rates for the three atmospheric Cerenkov telescope systems of the GRACE project, viz., MACE, TACTIC
and MYSTIQUE, have been estimated under the assumption that the BATSE - inferred GRB differential
spectra extend unchanged in to the VHE energy range and that the emission lasts for up to 10000 s at the
highest energies, assumptions validated by several events detected in the GeV photon energy range by the
EGRET experiment on board the Compton Observatory. Two extreme scenarios of the relevant soft
extragalactic background radiation field have been considered to determine the attenuation of the burst
photons during propagation through the intergalactic space. Results obtained so far indicate reasonably
high event rates of 2 - 50 per year for the MACE, 2 - 20 per year for the TACTIC and up to 14 per year
for the MYSTIQUE array.

Statistical studies of cosmic gamma-ray bursts using BATSE catalogue :

The analysis related to the statistical study of cosmic gamma - ray bursts, using
the BATSE 3B and 4B catalogues, has revealed that the peak size distribution of the recorded GRB's
exhibits a flattening at larger peak size values in case of population II bursts (longer duration , softer
spectra) as compared to that for population I ( short duration, hard spectra ) bursts, indicative of a two -
source population at different values of the redshift parameter z. No evidence of spatial anisotropy and
repetition of bursts from the same location has been found.

Conical wavefront fitting approach for shower arrival-direction and core-position determination :

In an attempt to exploit the excellent timing resolution capability of the
Cerenkov technique and to determine the event arrival direction accurately, a procedure based on fitting
the more realistic conical wavefront to the observed relative arrival time differences , recorded in a multi
- detector Cerenkov array like the MYSTIQUE, has been developed and extensively tested. This
technique can also provide information on the shower core position, an important parameter for
determining the primary energy.

3. Solar - Terrestrial Physics :

The Gulmarg-based experiment on detection of neutrons from lightning
discharges has been continued during this period. This experimental set-up is being presently modified to
extract an independent estimate of the distance to the lightning discharges responsible for generation of
neutrons. This would enable an estimation of neutron yields in a more realistic manner. The modified
form of the system includes monitoring of Ultra High Frequency (-100 MHz) electromagnetic radiation
from the lightning channel with a resolution of 2 ns. The system will employ an array of UHF detectors
placed at appropriate distances around the neutron detection system.

The preliminary work on a prototype Solar Neutron Telescope (SONET) is in
progress. The telescope will include Gadolinium-doped liquid scintillator for detection of neutrons. The
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prototype telescope shall pave way for the ultimate design of solar neutron telescope for the detection of
solar neutrons in the energy range of 200 - 400 MeV. The neutron propagation characteristics and the
spectrum expected at Gulmarg from a typical solar neutron burst has been worked out.

A Maximum Entropy Method (MEM) for power spectrum analysis of data has
been optimized in the Srinagar unit of NRL for studying long-term periodic variations in a long series of
solar-terrestrial data. The periodography technique has also been developed and tested for studying
associated variations in the H-Component of the terrestrial magnetic field.

4. Radiation Chemistry:

The ongoing programme of Radiation sterilization of medical products using
the multi purpose panaromic batch irradiator (PAN6IT) installed in Srinagar has been continued.
Regular supplies of a host of products from the local hospitals were radiation-sterilized. In addition,
gamma-ray irradiation facilities, available in NRL, Srinagar, were provided to the staff of the University
of Kashmir and Sher-e-Kashmir university of Agricultural Sciences for the radiation mutation studies
undertaken by them for various plant materials.

During this year, programmes have also been initiated in studying the
feasibility of using gamma irradiation for extending the shelf life of various horticultural products from
Kashmir viz., cherries, pears, plums and apples. This work is being carried out in collaboration with the
State Horticultural department and the Post Harvest Technology Department of the local Agricultural
University. Work has also been started on the feasibility of using gamma irradiation for the preservation
of Kashmiri saffron from decay due to fungal and bacterial growth. The effects of radiation on the
colouring matter and aroma of saffron are being studied in collaboration with the Food Technology
Division of the BARC.

5. Technology Transfer and Expertise Offered to Outside Agencies :

5.1 TLDATE : a software program for thermoluminescence data analysis:

An integrated, windows - based software package has been developed , in
association with the Centre for Advanced Technology, Indore, for thermoluminescence ( TL ) dating of
archaeological samples , with built - in capabilities for data processing, data plotting, plateau
identification, paleo - dose, annual dose and age estimation. The user-friendly software accepts raw data
in various formats of temperature and glow curve intensity. A number of noise removal options like
averaging, low/high pass and minimum/maximum filtering etc. are provided along with the conventional
black body background subtraction. The City University of Hong Kong has purchased the TLDATE
software from BARC for $ 975. The package is being offered to other interested users as a technology item
developed in the Division.

5.2 Site survey for the Himalayan Infra - Red and Optical Telescope ( HIROT) at Hanle, Ladakb :

A detailed site survey of 8 potential astrophysical sites in the country, based on
the use of INS AT satellite cloud imagery data in the visible and IR region, has been completed on behalf
of the Indian Institute of Astrophysics (II A), Bangalore , in order to assess the suitability of Hanle for
installation of the 2-meter system. The study has confirmed the position of Mt. Abu as the best location in
the country for astrophysical sciences, with ~ 70 % clear nights per year, as against an average value of
45 % for Hanle. Based on these inputs and detailed in-situ observations carried out at Hanle by the HA,
they have selected that place for locating their new 2m-class ER/Visible telescope, the main consideration
being the high altitude (-15000 ft.) and extreme dryness of the place, which makes Hanle Optical/infra-
red telescope the most attractive site in the country for infra-red astronomy observations.
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Publications:

Journals :

1. AGN detection ranges of MACE and TACTIC Imaging Telescopes, C.L.KauI, S.Krishnan,
C.L.Bhat, A.K.Tickoo and R.K.Kaul, Experimental Astronomy (in press )

2. Site survey inputs for the Himalayan Infra-red / Optical Telescope (HIROT) using INSAT cloud
imagery data, M.L.Sapru, R,K.Kaul, C.L.Bhat and D.K.Mohapatra, Bull. Astron. Soc. India, 1998, 26
,655

3. On the selective excitation double Mossbauer spectroscopy ( SEDM ) line shape in low z host
scatterers, A,K.Razdan, Phy. Stat. Sol. (b ) , 1997,201,483

4. q - Lamb Mossbauer factor, A.K.Razdan, Phy. Stat. Sol. (b ) , 1997 ,203, 337

5. Drive control system for the TACTIC gamma - ray telescope, A.K.Tickoo, ILKoul, S.K.Kaul,
LICKaul, CLBhat, N.G.Bhat, M.ICKothari, H.C. Goyal and S.ILKaul, Experimntal Astronomy (
communicated)

6. Artificial neural network approach for reconstruction of event arrival direction in wide - angle
atmospheric Cerenkov detector arrays : a feasibility study, V.KLDnar, A,ICTickoo, RKoul and
C.LBhat, Astroparticle Physics (communicated)

7. First results on characterisation of Cerenkov images through combined use of Hillas, fractal and
wavelet parameters, A.Haungs, A.K.Razdan, C.L.Bhat, R.C.Rannot and H.Rebel, Astroparticle
Physics (Communicated)

S. On 'the Mossbauer studies of harmonically bound quantum oscillators in Brownian motion,
A.K,Razdan, Eur. Phy. Jour.- B, (in press)

9. Estimation of Gallium in bauxite ore using Energy Dispersive X-Ray Fluorescence Technique ,
C.KBhat et al., Int. Jour, of Rad. Phy. & Chem. (UK), in press

v
10. Possible indication of anisotropy in a sub-class of gamma-ray bursts, K-Shanthi, A.R.Rao,
C.L.Bhat and M.N.Vahia, Astrophys. & Sp. Sci., (communicated)

Conferences : The following papers were presented in the poster session of the 18th Meeting of the
Astronomical Society of India, Ahmedabad, during January 1998 :

1. Ground-based detection of cosmic gamma-ray bursts through atmospheric scintillation technique -
potential and promise, C.L.Bhat, A.K.Tickoo, R.Koul, V.K.Dhar and K.Shanti

2. Gamma-ray production in SNR's • contribution from photo-meson process, S.Bhattacharyya,
R.K.Kaul, C.L.KauI and C.L.Bhat

3. Millisecond pulsars as potential VHE gamma-ray sources, R.K.Kaul, C.L.KauI and C.L.Bhat
4. Experimental and simulation studies of polarization properties of atmospheric Cerenkov pulses,

C.L.Bhat, RX.Rannot, D.K.Mohapatra, V.N.Gandhi, A.KTickoo, R_Koul, S.K.Kaul, S.R.Kaul.
H.C.Goyal and N.G.Bhatt

5. Towards optimization of image processing and signal recovery strategies in new-generation
Cerenkov imaging telescopes, N.G.Bhatt, C.L.Bhat and A.K.Tickoo

6. Development of large-area wide-angle ( LAWA ) Cerenkov radiation detectors for the MYSTIQUE
gamma-ray telescope, V.K.Dhar, K.K.Yadav, S.Bhattacharyya, A.M.Wani, R.K.Kaul, C.L.Bhat,
R.Koul, S.RKaul and S.K.Kaul
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7. Computer network-based data acquisition and control systems of the imaging element of the TACTIC
telescope array. A.Kanda. R.Koul, N.G.Bhatt and S.R.Kaul

8. Threshold energy estimates of the TACTIC gamma-ray telescope array - inputs from simulation
studies ( I ), M.L.Sapru. C.L.Bhat, R.C.Rannot, A.K.Tickoo, N.Satyabhama, M.K.Kaul, A.Razdan
and V.N.Gandhi '

9. Sensitivity and energy resolution estimates of the TACTIC gamma-ray telescope - inputs from
simulation studies ( I I ) , N.Satyabhama, RC.Rannot, M.L.Sapru, M.K.Kaul, C.L.Bhat, A.K.Tickoo,
A.Razdan and V.N.Gandhi

10. Prototype MYSTIQUE array installed in Mt. Abu - a status report, A.K.Tickoo, C.L.Bhat, R.Koul,
S.K.KauI, S.R.Kaul, H.C.Goyal, I.K.KauI, V.N.Gandhi, V.K.Dhar, M.K.Koul and AGoyal

11. Drive control system for the TACTIC gamma-ray telescope, A.K.Tickoo, R.Koul, S.K.Kaul,
I.K.Kaul, C.L.Bhat and N.G.Bhatt
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Figure Captions:

1. The 4-element TACTIC array of gamma-ray imaging telescope installed at Mt. Abu. The Imaging
Element, which is already operational, has been provided with a mobile dome during this year.

2. Correlated emission of TeV gamma-rays and polarized optical light from the active galaxy,
Markarian 501, as seen at Mt. Abu by the TACTIC Imaging Element and the 1.2m optical telescope
of the Physical Research Laboratory. This is the first successful example of coordinated multi-
spectral band observations carried out from India and has important implications on the nature of the
underlying emission processes from the source.
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ORE DRESSING SECTION
Major Achievements

I PROJECTS

1.1 EX PLAN CAPITAL PROJECT - Development of Novel and Synergistic Beneficiation
Processes

Execution of an approved EX Plan Capital Project of the Section entitled, "Development of Novel and
Synergistic Beneficiation Processes" has been initiated at an outlay of Rs. ISO lakhs and is under
progress. This Project envisages development of beneficiation flow-sheets for effective and
economical preconcentration of different low grade U ores ( < 0.05% U3Og) of this country by
adopting novel and synergistic separation techniques. Execution is carried out in two stages, namely
(I) design and development of synergistic separation equipments, which involve procurement of
specific process equipment and their modification to get syne.gistic effect for separation of very fine
uraninite particles and (ii) development of novel beneficiation processes using the synergistic
equipment and unconventional processes. Presently about 30% of procurement of equipment is
accomplished. Work on design and fabrication of a magnetic hydrocyclone, which will generate
synergy of centrifugal and magnetic forces, is in progress. Under the development of novel
processes, studies on preconcentration of low grade uranium ores from Tutnmalapalle and
Narwapahar have been initiated. The use of new collector reagents like alkyl phosphoric acid ester,
alkyl hydroxarnic acid etc. in the flotation of fine to ultra fine particles of minerals of strategic metals
like uranium, tungsten and tin are being studied.

1.2 Beneficiation of Tin and Tungsten Bearing Heavy Mineral Gravity Pre-concentrate
from Kreyghystan

Beneficiation studies were carried out on a tin and tungsten bearing multi-metal heavy mineral pre-
concentrate from Kreyghystan to develop a beneficiation flow-sheet and to produce individual mineral
concentrates of cassiterite, wolframite and scheelite, with least possible contamination of one mineral
into the other mineral concentrate. The mineralogical composition of the preconcentrate indicated -
cassiterite - 38%, wolframite-scheelite - 22%, tourmaline - 37%, quartz-felspar and others including
magnetite and copper sulphide minerals - 3%. The chemical analysis of the pre-concentrate indicated
Sn 29.7%, WO318%, CaO 2.3%, F e A 8.58%, MnO 0.73, Cu 0.27%, SiO214%, LO10.88% and
moisture 0.11%.

Experiments were carried out after a slight grinding of the feed and processing the ground material
on wet-tables to remove tourmaline and processing the table concentrate by a multi-stage complex
process involving magnetic, electrostatic/high tension separations. The final cassiterite concentrate
analyzed about 65% Sn with about 70% recovery. The combined wolframite - scheelite concentrate
analyzed 43% WO3 with 65% recovery. Efforts to obtain individual concentrates of wolframite and
scheelite separately were not successful. Detailed petrographic and ore microscopic studies on both
the feed and the beneficiated products have indicated that pronounced replacement of wolframite by
scheelite in the mineral grains might be responsible for this.
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1.3 Grinding Studies on Zircon and SHlimanite Samples

The mineral concentrates of zircon and sillimanite, obtained from beach sands fetch high economic
returns when sold in ultra fine form. However, production of micronozed products of these mineral
concentrates is energy intensive and hence cost-intensive. With the aim of studying the possibility of
reducing the specific energy requirement for production of marketable products of pulverized zircon
and sillimanite batch grinding experiments were carried out on pure zircon and sillimanite concentrate
samples. The current practice of producing these value added products is to carry out the milling in
a batch manner for a preset time with alumina balls without any classification. The problem was
approached in a number of ways. Initially efforts were made to precrush the feed in a roll crusher
before grinding in the ball mill. However, in view of the high work index of the mineral feed and
inherent limitation of the capability of the roll crusher, the precrushing in the roll crusher was not
effective. Work indices of zircon and sillimanite were found to be 14.3 and 22.3kWh/sh.ton. The
grinding efficiency was studied with a number of variables like residence time, mill-loading, grinding
media and dry grinding aids. Efforts are also on to study the effect of incorporating a suitable dry
classifier in closed circuit with the mill for improving the grinding efficiency. Analysis of the results
including determination of model parameters like breakage rates and breakage distributions are in
progress.

1.4 Reduction of Bismuth Impurity Level in Lead Mineral Concentrate for Sikkim Mining
Corporation

Studies have been undertaken to reduce the bismuth content in the lead concentrate produced in the
multi-metal concentrator plant, operated by Sikkim Mining Corporation at Rangpo, Sikkim. The lead
concentrate received from the concentrator plant assayed 14.5% Pb. Mineralogically the lead mineral,
galena was present to the extent of only 17%, while the other sulphides like sphalerite, pyrrhotite,
pyrite, chalcopyrite etc. constituted nearly 73%. The non-sulphidic minerals accounted only for 10%.
Efforts were first made to study in detail the nature of occurrence of bismuth in the lead concentrate.
The bismuth was found to occur in the sample mainly as native bismuth and as the sulphide mineral,
bismuthinite. Native bismuth occurs in the form of myrmekitic (ultra fine and highly irregular in
shape) intergrowth in galena and its liberation from the surrounding galena will be extremely difficult.
The grain size of native form varied from a few microns to >100 um and in liberated as well as
composite form. It is very difficult to liberate and separate the bismuth contaminant when it occurs
in such ultra fine form by physical separation methods.

Since the lead concentrate sample was aged and contained a lot of strong agglomerates, it did not
resond to any gravity and flotation studies. Efforts were initi&'fy made to upgrade the lead concentrate
from 14.5% Pb to a higher grade using gravity methods after a light grinding in a tumbling ball mill
to break the agglomerates. It was hoped that in view of the high specific gravity of galena and
bismuth in comparison to the other sulphide minerals in the lead concentrate, a clear separation in the
shaking table would be possible. The test carried out on Mozley laboratory mineral separator (LMS)
indeed gave fractions in increasing order of specific gravity. However no special enrichment of
bismuth was observed. So with the view to generate a fresh lead concentrate flotation studies have
been carried out on the r.o.m.ore sample. Although flotation of the bulk sulphide minerals with
xanthate as coUector was not a problem, the depression of sphalerite and other sulphides with a
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number of reagents like sodium bisulphite and zinc sulphate in the rougher flotation stage was not
effective.

Further studies are in progress to generate fresh lead concentrate and try thermal and chemical
methods to separate bismuth from the lead concentrate.

II BASIC RESEARCH

2.1 Development of a New Mathematical Model for Particle Capture in High Gradient
Magnetic Separator (HGMS)

The literature on the mathematical models of high gradient magnetic separator (HGMS) reveals two
major and distinctly different approaches, namely Lagrangian and Eulerian. The former deals with the
trajectories of particles within the canister in the presence of applied magnetic and the prevailing
hydrodynamic flow fields in a microscopic manner, while the latter treats the problem in a
phenomenological manner and derives expressions for the particle concentrations in the adsorbed
phase as well as the surrounding fluid phase. However, both have their own limitations. An attempt
has therefore been made to develop a new mathematical model based on novel concepts. Initially, it
is attempted to model the wool matrix within the canister of the HGMS using network concepts and
then to model the particle loading from the fluid phase to the wool fibre of the matrix. The basic idea
has been borrowed from the network models currently available for multiphase fluid flow through
porous media. These models represent the porous media as a network of sites (pore bodies) and
bonds (pore throats), the adjacent pore bodies being connected by the pore throats. The number of
pore throats emanating from a pore body denotes its co-ordination number.

The wool matrix within the canister of a HGMS, on the other hand, is represented as a closed span
tree, with nodes and bonds, the nodes resulting from junction of two or more fibres of the wool
matrix and the bonds being the fibre-lengths between the nodes. This leads to the tessellation of the
space-continuum within the canister into polytopes of different sizes. The real wool matrix is
absolutely random in its structure, and this is brought about in the model using Voronoi tessellation,
in which the potytope size and their co-ordination number (no.of sides of the polytopes) are randomly
distributed. However, for the sake of mathematical simplicity a regular tesseUation such as Delaunay
(triangular in two dimension and pyramidal or tetrahedral in three dimension) is used for calculations.
The network is characterized by various statistical parameters such as node-number (co-ordination
number) distribution, polytope size distribution and bond-length distribution. The network is created
based on two main assumptions like, the wool fibre is circular in cross-section and is uniform along
its length; with these assumptions it is possible to determine the total length of the wool fibre of a
fixed diameter occupying a definite volume fraction of the inside canister space. Given the canister
volume and the total length of the wool fibre a tessellation is made using a computer program and
it is characterized.

The solid particles are assumed to consist of two components - magnetic and non-magnetic. Particle
loading onto the wool fibre is assumed to take place only on two mechanisms - straining and pure
magnetic separation. While the former can lead to the capture of both the magnetic and non-magnetic
particles, the latter mechanism can capture only the magnetic particles. Straining will be occurring
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in the nodes and magnetic separation along the bonds. Particle capture by straining takes place by
interception and hydrodynamic mechanisms and that by magnetic separation is controlled by the
overall volume magnetic susceptibility of the particle in addition to the applied field and the gradient.
Equations for particle capture by both the mechanisms are written from literature and simulation was
carried out to generate the relative effluent particle concentration-time graphs.

2.2 Reagent Development for Physico-chemical Separation of Very Fine Minerals

Although India is not endowed with rich deposits of the ores of the strategic metal, tungsten,
extensive deposits of very low grade tungsten ore are reported in Rajasthan. The technoeconomic
process needs to be developed for converting these uneconomical low grade ore reserves into
profitable economic ore resources. The main problems with these ores are the occurrence of the'
strategic mineral in extremely fine and disseminated form in the ore body. The fine mineral values do
not respond well in the conventional mineral separators. New equipments and processes have to be
developed. With the idea of developing tungsten specific collector for flotation of fine wolframite
minerals from these ores, studies have been initiated on both micro- and batch scale flotation to
recover fine size wolframite using alkyl phosphoric acid ester collector. Microflotation studies were
carried out on a high grade wolframite sample analyzing 60% WO3; the parameters investigated
were pH, collector concentration and particle size. Wolframite particles in the size range of 74 urn to
37um indicated good floatability in the pH range 4.5 to 5.5 at a collector concentration of about 10
ppm. The understanding obtained from the microflotation studies was applied on a natural ore
(Degana quartz vein type, Rajasthan, feed grade 0.24% WO3) ground to all passing through 74um.
Parameter optimisation with factorial design methodology was implemented. About 80% of the
wolframite values were floated with an enrichment ratio of 4 at rougher flotation stage. The collector
dosage required was 0.75 g/kg in combination with 1 g/kg of sodium silicofluoride at about pH 4.
The kinetic experiments indicated bulk of the wolframite values float in first one minute of flotation
time. Further studies are in progress.

2.3 Petrology, Mineralogy and Geochemistry of Uranium and Associated Mineralization
along Singhbhum Shear Zone, Bihar

Three types of uraninite and brannerite of both Pronto- and AntiPronto-'reactions have been identified
during detailed ore petrographic studies on samples from Jaduguda, Bhatin and Narwapahar. Several
distinctive morphological, textural and structural features have been observed that suggest detrital
nature of a major part of uraninite and brannerite. Detrital uraninite occur as disseminated clusters
of sorted, rounded to subrounded muffin shaped grains and are characterized by auto-oxidation
cracks and fine dusty inclusions of galena. Other associated detrital minerals include chromite,
chrome-spinels, magnetite, zircon and granular ilmenite. The detrital mineral assemblage crudely
define the sedimentary planar structures. Such an occurrence, particularly along conglomerate
horizons as at Jaduguda and Bhatin, has a definite bearing on the ore genesis and crustal evolution
of Singhbhum-Orissa Precambrian shield. Fine grained irregular uraninite of remobilized origin
occurring along interstices of silicates and the clustered aggregates which represent the relicts of
original detrital uraninite are the other two types of uraninite. The fine grained type is devoid of auto-
oxidation cracks and visible galena. Attempts are being made to obtain mineral chemistry of the
uraninite types and detrital assemblage by electron micro-probe analysis.
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The data on mineral chemistry of different generations of tourmaline at Jaduguda suggest that most
of them are Al-poor and compositionalry they correspond to Ca-poor metapelites and metapsammites.
In general, all of them belong to the schori-dravite solid solution, with compositions closer to dravite
end (Mg rich). While the core of the zoned tourmalines are dravitic, their rims and poikilitic inclusions
found in large tourmalines are schorl rich. This suggests initial nucleation from a mafic sediment.
Structural formulae calculated based on 24.5 oxygen and comparison of R+ and R2+ site occupancy
with R3" site suggest proton deficiency due to coupled substitution in these tourmalines.
Interpretation of geochemical data of various rock types and further mineralogical studies are in
progress.

IV PUBLICATIONS

4.1 Published in Journals

Mineralogical and geochemical characteristics of the basal quartz-pebble conglomerate of Dhanjori
Group, Singhbhum Craton, India and their significance., T.S.Sunil Kumar, N.Krishna Rao,
M.M.parlecha, R.Parthasarathy, V.L.Shah and K.K.Sinha., Journal of Geological Society of India,
1998, Vol.51, pp 761-776.

Occurrence of palladian melonite in Jaduguda uranium deposit, Singhbhum Shear Zone, Bihar.,
D.Narasimhan, T.S.Sunil Kumar, E.V.S.S.KBabu and N.Krishna Rao., Journal of Geological Society
of India, 1998, Vol.51, pp 759-760.

Strategy for the beneficiation of ores of some strategic metals in India., N.Krishna Rao., Metals,
Materials and Processes, 1998, Vol.10, No.l, pp 41-54.

Studies on the application of alky 1 hydroxamates in th flotation of cassiterite from an indian tin ore.,
T.Sreenivas and C.Manohar., Trans, of Indian Inst. Metals (in press).

Investigations on the collector reagent development for the recovery of cassiterite from the gravity
tails of a low grade indian tin ore., T.Sreenivas and C.Manohar., Mineral Processing and Extractive
Metallurgy Reviews (in press).

Beneficiation of Harur (Tamilnadu) molybdenite ore., T.Sreenivas, R.Natarajan and
N.P.H.Padmanabhan., Trans.Indian Inst. Metals (in press)

Flotation of Uranium values using di-(2 ethyl hexyl) phosphoric acid., Ajoykumar Singh,
N.P.H.Padmanabhan U. Sridhar and N.Krishna Rao., Trans. Indian Inst. Metals (in press).

Gold in copper-uranium ores of Singhbhum Shear Zone, Bihar.., N.Krishna Rao, T.S.Sunil Kumar
and D.Narasimhan., Journal of Geological society of India (accepted).

4.2 In National/International Symposium/Conferences

Detrital nature of uraninite and brannerite from uranium deposits at Jaduguda, Bhatin and
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Narwapahar, Singhbhum Shear Zone, Bihar., T.S.Sunil Kumar and N.Krishna Rao., Paper presented
at the Convention of Mineralogical Society of India, held at Dharwad University, Karnataka, Nov.27-
28, 1998.

Ultra-purification of clays using super conducting high gradient magnetic separator.,
N.P.H.Padmanabhan., Paper presented in the conference on Indian Industrial Minerals, Udaipur,
Sep.23-25, 1998.

Estimation of iron in roasted sulphide concentrates and leach liquors., A.S.Navale, N.Balachandran,
R.R.Venkatakrishnan and K.Sivaramakrishnan., Paper presented at XIIISAS National Symposium,
Bangalore, Nov.24-25, 1998.
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PERSONNEL DIVISION

Major Achievements

The sanctioned strength of the Research Centre continued to
be 16956 which consists of Scientific, technical, administrative

and auxiliary staff, spread all over the country. Personnel
Division continues to be responsible for all the personnel and
general administration functions of the Centre. This include
Establishment and Vigilance, Recruitment, Staff Relations,
Transport, Catering Services, Welfare measures and other related
general administrative functions. Brief write up on the various
activities are given below!
Establishment Sections: deals with the personal claims of the
staff such as leave, LTC, fixation and regulation of pay from
time to time. Finalisation of Pension and all matters related to
Establishment functions of the staff.

TC & TSC MATERIAL FOR BARC PROGRESS REPORT 1998-99

1. During the year 1998-99, 199 scientists were deputed abroad
for participation in various International
meetings/symposia/conferences etc., and other Government work.
Apart from this, 10 scientists were deputed for training/work-
shops/study tour under IAEA schemes and another 12 scientists
under various bilateral agreements and collaboration schemes.

2. 7 scientists visited BARC under the Indo-Qsrman Bilateral
Agreement during the reporting year.

3. The services of 16 scientists were placed at the disposal of
International Atomic Energy Agency for expert assignment in
various countries. v

4. During the year, 13 scientists were granted EOL for
proceeding abroad for post-doctoral research work.

5. BARC has been recognized as a Centre for post-graduate
studies in various disciplines by 30 Indian Universities. 149
scientists from this Research Centre have been accorded the
status of University Teachers.

6. During the year, 42 scientists have qualified for the award
of Ph.D degree and seven scientists for li.Sc. degree, 32 students
of the University of Mumbai are currently carrying out research
work leading to Ph.D degree, under the collaboration scheme
between BARC and the University of Mumbai.
7. Under the IAEA Technical Assistance Programme, this Research
Centre continues to provide training facilities to foreign na-
tionals. Under the programme, 12 scientists ware offered facili-
ties for training/scientific visit. They include five scientists
from Bangladesh, four from Vietnam and one each from Kazakstan,
Romania and Myanmar.

TRANSPORT SECTION s

The Section is responsible for daily transportation of about
13,000 employees to and fro to their work places through 46
routes spread over in Greater Mumbai, Thane, Dombivli, Kalyan
and Navi Mumbai (upto Panvel) in five shifts, viz round-
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the-clock shifts and two general shi-fts. This includes extension
of transport facility to the DAE Secretariat staff located
at Anushakti Bhavan and DAE Units, viz. Heavy Water Board,
Directorate of Construction Services and Estate Management and
Purchase and Stores located at Vikarm Sarabhai Bhavan, and Atomic
Energy Regulatory Board, "Board of Radiation and Isotope
Technology (BRIT) and Atomic Energy Education Society,
Anushaktinagar. In addition, transport requirements in
connection with various National and International Conferences,
Symposia etc. organised at BARC were also taken care of.
Meticulous planning and scheduling were followed for the
operation of a fleet of around 300 vehicles (Buses, Trucks and
Light Vehicles), so that a great amount of operational
efficiency could be achieved. Training programmes and refresher
courses to cover all the operational staff were organised during
the year. Centralised procurement of vehicles as well as
condemnation of vehicles for BARC were also taken care of.

TRAVEL CELL I
The Travel Cell functioning under Transport Section is looking
after all domestic air bookings, their billing etc. During the
year under report, the Travel Cell handled about 2200 air
bookings for different destinations.

PUBLIC AND MEDIA RELATIONS

I. PUBLIC RELATIONS

About 70 Conducted Tours (College students/defence officers)
to BARC were organized. Necessary assistance was provided to the
Organizers of 20 Seminars and Meetings that were held at BARC.

Highlights of BARC were presented during scientific
briefings to Members of the Press, college students, professional
bodies, conducted tour programme and other select groups of civil
and defence officers. Organized visits and facilitated intei—
views for editors and mediapersons. Commissioned major articles
on BARC in the general press and speciality journals. Scientific
inputs were provided to the media and an active media management
policy was undertaken.

About 30 VIP visits to BARC were organised as mentioned
below :

1. Hon'ble Prime Minister Shri Atal Behari Vajpayee

2. Hon'ble Governor of Maharashtra, Dr.P.C. Alexander

3. Hon'ble Chief Minister of Mahrashtra, Shri Manohar Joshi

4. Hon'ble Dy. Chief Minister of Maharashtra,Shri Gopinath Munde

5. Hon'ble Minister of Defence, Shri George Fernandes

6. Mrs. Renuka Choudhury, Minister for State, New Delhi

7. Dr. Murali Manohar Joshi, Minister for Human Resources
Development, Science & Technology, New Delhi.

S. Hon'ble Minister for Agriculture, West Bengal,
Shri Birendra Kumar Maitra.
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9. Ms. Vijaya Latha Reddy, Dy. Chief of Mission,
Indian Embassy, Vienna.

lO.Shri Anand Dave, Member of Parliament, Gujarat and party.

ll.Shri S.K. Mishra, Joint Secretary, Cabinet Secretariat, New
Delhi

12.Shri Arvind Chugh, Joint Secretary, Deptt. of Ocean
Development, New Delhi.

13.Shri Y.M. Tiwari, Ambassador of India, Vienna.

14.Shri P.K. Biswas, Jt. Adviser, Planning Commission, New Delhi

15.Shri K. Srinivasan, PR Adviser Planning Commission

16.Director General Of Vietnam Atomic Energy Commission & Party

17.Mr. Ireneusz Makles, Consul of the Republic of Poland in
Mumbai

IB.Col. Gyan Bhushan, Defence Attache Almaty, Kazakhstan.

19.US NRC Delegation led by Dr. Shirley Jackson Chairman, USNRC

20.Russian Delegation led by H.E. Mr. E.O. Adamov, Minister,
Ministry of Atomic Energy

21.Admiral Vishnu Bhagwat, Chief of Naval Staff

22.Dr. K. Pradhan, Vice Chancellor, Rajasthan Agri. University.

23.Air Cmde P.K. Barbora St 6p. Capt. D.C. Kumaria, Air Attache
Designate, Rome

24.Capt. V.K. Bhansali, Naval Attache (Designate), Washington

25.Shri B.B. Nanda, Director General, Bureau of Police Research
and Development, Ministry of Home Affairs

26.Dr. V.K. Mehrotra, Director, Central Forensic Science Lab.,
Hyderabad

27.Air Attache designate Air Commodore S. Asthana to Washington

28.Mr. Jean Claude of L'Estrae, Editor-in-Chief, Mauritius

29.Prof. & Mrs. D.V. Danagare, Vice-Chancellor, Shivaji
University, Pune

30.Iranian Delegation

31.Acad. O.M. Belotserkovsky, Director, Instt. of Computer Aided
Desi gn, Moscow.

II. MEDIA RELATIONS

1. A broadcast on Technology Transfer was organized with AIR.

2. A Republic day float was prepared and presented at Shivaji
Park at the request of Govt. of Maharashtra.
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3. A popular Marathi teleprogramme was organized with -four BARC
scientists.

4. Details o-F a polymer gel developed by BARC were presented In
Time TV.

5. A radio talk by Shri A.K. Anand - Introduction to BARC was
organized and broadcast.

6. A lecture on R&D Management was presented to senior officers
of Associated Cement Cos. by Shri K. Balu.

7. An interview with Shri A.K. Anand on Four Decades of BARC
was sponsored by Marathi Vigyan Parishad.

8. The life and works of a group of women scientists were
presented by Chitralekha magazine.

9. An English Interview arrd a Marathi Interview of Director,

BARC were telecast by Doordarshan, Mumbai.

10. A profile of BARC Training Division was presented in Femina.

11. A collection of audiovisuals covering breakthrough techno-'
logies of BARC were prepared and presented to DST, New
Delhi and Firodia Foundation, Pune.

12. Extensive TV and print media coverage was obtained for the
radioisotope stent prepared at BARC.

13. The 50th year of the formation of the Atomic Energy
Commission was celebrated on 10th August 1998 with the Prime
Minister of India presiding over the function.
Comprehensive media coverage was planned and executed.

14. A film on BARC for Conducted Tour was produced and a film
was coordinated and produced for CAT, Indore.

15. Local organizational support was provided to the Inter-
national symposium on Nuclear Power. An ensemble of Bharat
Natyam titled 'The Blory of Shakti' was commissioned and
presented to the delegates of the International Seminar.

16. Technical inputs and support were provided to Firodia
Foundation, Pune, for Science & Technology Excellence Award.

17. An exhibition on Food Irradiation and Nuclear Agricul-
ture was set up for Indian Women's Association at Vashi and
Matunga respectively. Shri A.K. Anand delivered an invited
talk at Indian Women Scientists Association Meet.

18. A group of students were shown the biodiversity of BARC.
Shri A.K. Anand gave saplings of Lagaestromia Speciosa to
the students for cultivation in their school.

19. An article highlighting the life and scientific work of
Dr. Homi Bhabha was prepared by Shri A.K. Anand and was
published in the Free Press Journal.

20. A detailed article covering the salient achievements of
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BARC in the -four decades was written by Shri A.K. Anand
and was released on Independence day by The Hindu. This
was widely quoted and used by the media.

21. Systematic and sustained efforts were made to involve
regional media for coverage of BARC and achievements of
BARC.

RECRUITMENT -IV

During 1998, 98 trainees in 10 disciplines were inducted for the
41st Course of BARC Training School. Similarly, 20 Postgraduate
Trainees specialised in various subjects were inducted through
7th Orientation Course for the Post Graduate Engineer Trainees.
Besides, direct recruitment of Scientific Officer/Engineers in
different grades and selection of prospective candidate have also
been done.

General Services Organisation, BARC, Tarapur

The General Services Organisation, BARC, Tarapur looks after
the common facilities needed by various Plants/Facilities at BARC
Complex, Tarapur viz. PREFRE, WIP, SSSF, TWMF, AFFF etc. The
common facilities include housing (including accommodation for
trainees), canteens, telecommunications (both at Site and in
Colony), maintenance of estate, civil, electrical and cosmetic
maintenance, horticulture, departmental transport including
garage facilities, fire services, first-aid, security etc.

2. Departmental transport facilities have been provided for
more than 1600 employees and for school-chiIdren studying in
Marathi medium schools near Tarapur village. Departmental
buses also provided for Excursion trips for school-children
under the Project Concession orders. Transport arrangements
have also been made for On Site and Off Site Emergency
Drills jointly conducted by TAPS and BARC, Tarapur.

3. The Automobile Maintenance Garage at Site attended 40
vehicles stationed at Tarapur satisfactorily.

4. Canteen facilities provided to the employees as well as
contractors' personnel by the canteens located at Plant Site
and in BARC Staff Colony.

5. The First-Aid Centre providing first-aid facilities to the
employees of Plants/facilities functioned satisfactorily on
RTC basis.

6. Centralised Fire Station which provides fire services
BARC Plants/Facilities as well as to TAPS and TAPP 3&4
Units (including its Housing Colonies) attended 26 fire
emergency calls of minor nature. The CFS also conducted 5
On-Site Intensive Fire Emergency Exercise Drills, Intensive
training programme in fire protection, fire fighting and
demonstration of first-aid fire fighting equipments were
arranged for officers/staff members of BARC Plants/faci1i
ties as well as TAPS. In all, 62 persons attended training
during the year.

7. GSO looked after allotment and allied matters in respect of
1051 flats and a transit-type accommodation (TTA) with 72-
bedded and 96-bedded old and new hostel respectively. The
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Estate Maintenance Cell maintained BARC Staff Colony consist-
ing of 1051 flats and the transit-type accommodation, service
buildings viz. EMC office, pump house, electrical sub-sta-
tions, warehouse, AEC School, security cabins, welfare Centre
etc. in Colony and service.buildings in GSO Complex at Site.
Construction work is in progress in respect of 404 additional
flats (Type C-160 & Type B-244) in BARC Staff Colony, Tarapur
which is expected to be completed shortly.

8. Grass Auction for grass grown at Colony was conducted and
Government received revenue of Rs. 51,101/-.

9. Security Section provided security coverage to all the
Plants/facilities mentioned above and to BARC Staff Colony
and service buildings located therein round the clock.

10. Action by Personnel Division/GSO (T) is on hand to establish
independent Establishment and Accounts Sections at Tarapur
in respect of employees of BARC <T). Presently, matters of
Establishment and Accounts are being dealt with at BARC,
Trombay.

11. A one-week training programme was arranged for the benefit
of Drivers attached to various Units of BARC, Tarapur in

two spells (17.8.1998 to 21.8.1998 and 5.10.1998 to
9.10.1998) in which officers of MSRTC delivered lectures on
Traffic rules and procedures. A training programme was
organised at Tarapur for the benefit of candidates appearing
for the departmental examination for the post of Asstt.
Accountant, in the month of December, 1998.

12. As part of important activities of the Official Language
Implementation Committee, Tarapur, Hindi Week was celebrated
in September, 1998 during which Essay Competition, Ques
tionnaire, Debate, etc. were conducted. v

BARC Facilities. Kaloakkam

Activities in various sections such as Establishment,
Recruitment, General and Divisional Offices of KARP & CWMF in
centralised Administrative Set up of BARC Facilities at Kalpakkam
have been streamlined. During August 8 St 9th, 1998, a Public
Awareness Programme was arranged in BARC Facilities in connection
with Golden Jubilee Celebration of India's Independence and
Administrative Group of BARCF arranged issue of entry passes and
transpsort facilities. On September 9, 1998, Hot Commissioning
of KARP was formally announced by Chairman, AEC and subsequently
the Plant was dedicated to the Nation by Hon'ble Prime Minister
of India on 15th September, 1998 and on both the occasion Admin-
istration was actively involved particularly in co-ordinating
with District Authorities for making the programmes successful.
Filling up of administrative posts through Staff Selection
Commission has been effected. Leave account of all employees of
BARCF has been computeerised. From 1998 onwards, grant of
advances like HBA to the employees of BARCF has also been done
with the approval of Facility Director, BARCF. Stores related
activities such as pocurement & issue of liveries, etc. is
looked after by Administration in the absence of separate stores
set up for BARCF.

Thus the self contained administrative set up at BARC
Facilities has provided expeditous decisions and actions on all
the administrative matters especially in dealing with person-
nel /establishsment matters of the employees.

* *»*
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POWDER METALLURGY DIVISION

Major Achievements

1. Synthesis of Molybdenum Disilicide

MoSi2 has been prepared by pyrovacuum treatment process using MoO3, SiC
and C as the starting materials. The processing parameters which significantly
influence the product composition are: composition of the starting mixture,
powder particle size of each constituent of the mixture and heating rate. Under
the optimised condition the process was carried out at a maximum temperature
of 1700° C. The chemical analysis of the product shows Mo - 62.0 %, Si - 33.4 %,
C - 0.69 % and O - 0.4 %. XRD analysis shows that the product contains > 95%
tetragonal MoSi2 phase. It may be mentioned here that the above route for the
preparation of MoSi, has been pioneered by us. Conventional technique
involves mixing of Mo and Si and synthesising MoS^ through SHS under
argon/inert gas atmosphere.

2. Production of Tantalum by Carbothermic Reduction of
Tantalum Pentoxide

The work has been undertaken to produce tantalum metal, with minimum carbon
and oxygen level, suitable for further e.b. melting. The process involves mixing
of tantalum pentoxide and natural graphite, pelletisation and pyrovacuum
treatment to enable carbothermic reduction of tantalum pentoxide. The
reduction experiments (50 gm batch) were carried out at different temperatures
in the range 1700 - 2000° C. Reaction temperature of 1825 -1850° C was found
to be optimum. Effect of pelletisation pressure was studied. However the effect
was not significant Experiments have been done to study the effect of % excess
oxide in the starting material on the composition of carbothermically produced
tantalum. It has been seen that minimum 10% excess oxide over stoichiometry is
required to achieve low carbon and O/C ration slightly greater than 1 in the
product This condition is required for further purification through e.b. melting.

Our experimental results showed that mixing of the charge is the most critical
step in the process. With inhomogeneity in mixing oxygen removal through
suboxide formation dominate over the oxygen removal through CO. It is also
been observed that, with a given reduction set up, C content of the product
depends on the batch size. Effect of batch size is being futher studied and finally
the process parameters will be optimised for 10 kg batch.
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3. Hot Pressing of B4C - 5 wt % ZrO2 Composite

For a specific nuclear reactor application a large number of hot pressed pellets
(121 x 15) of B4C - 5 wt % ZrO2 composite are required as shut off rod material.
For this, fine B4C powder (median size 6.80 jam) was' obtained by air
classification of as received B4C powder (source M/s. Boron
Carbide India Ltd.). ZrO2 powder (median size 1.38 nm) was prepared by
calcination of citrate gel of zirconium nitrate at 700°C. B4C and ZrO2 were taken
in weight ratio of 95:5 and the mixture was prepared by wet ball milling in ethyl
alcohol using ZrO2 balls. Dried mix was vacuum hot pressed (10/* Torr, 1800° C,
30 MPa, 1 hr) using a multi-cavity die (50 nos. x 12 0 cavities). Average density of
the pellets was 2.05 gm/cm9. Thermal conductivity and thermal expansion co-
efficient of the composite were 10.72 w/m/K at 873 K and 3.24 x 1O8 / ° C at 100°
C respectively. The pellets thus conformed to the specifications. One of the
major achievements of this work was the optimisation of operating parameters
to minimise die pellet interaction while achieving the specified density of the
pellets.

4. Preparation of Gadolinium Aluminate

Gadolinium has a very high thermal neutron capture cross section for (n, y)
reaction. The reaction product, on the other hand, has a very low capture cross-
section. The element is therefore, used as a "burnable" poison in the nuclear
reactors to control the reactivity of fresh reactor fuel assembly. Reported
literature is abundant on the form in which this material is incorporated in the
reactor fuel charge — ranging from mixing in small quantities with the fuel to
vapour depositing control quantities on the surface of the finished fuel pellets.

For a specific nuclear reactor application, gadolinium was required to be weight
distributed in the core matrix in a predetermined geometrical configuration.
Considering the quantities involved, density of the material and its compatibility
with the container tube, gadolinium oxide "diluted" with alumina on equimolar
basis converged as the ideal choice. Then to prevent segregation of the two
constituents and thus to ensure most homogenous distribution of gadolinium
oxide in the control rod, gadolinium aluminate (6dAIO3) emerged as the ideal
choice. Taking into account the particle density of gadolinium aluminate; the
specifications with respect to gadolinium content, tap density and particle size
distribution of the powder were worked out This would ensure that a
predetermined amount "burnable" poison is filled in each control rod tube.
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Preparation of GdAIOs was carried out by citrate get route using gadolinium
oxide, AI(NO,),.9H2O, nitric acid and citric acid as starting materials. The citrate
gel route ensures molecular level of homogeneity in the powder. The charred
precursor powder, is highly reactive and ensures sintering to a high density final
product The process is simple and recovery, other than handing losses, is
highest

The end powder product was required with high pychnometric particle density
and wide particle size distribution to ensure the specified tap density of the final
powder. Incorporating a granulation step in the process prior to final sintering,
directly yielded the product closely matching to the required granulometric
composition. This contrasts with the conventional process wherein 6d2O3 -
A^O, mixture is required to be induction skull melted and casting is finally
crushed and ground to produce required particle size distribution. This crushing
and grinding of hard melted material would cause attendant contamination and
necessitate acid leaching and washing to restore purify in the end product

5. Vitrification of Beryllium Bearing Mud Wastes

Two kinds of beryllium bearing mud wastes are generated in extraction process.
These are red mud, obtained as residue after water leaching of soluble
beryllium from beryl sinter mass, and effluent mud. In the IX Plan Programme of
the Division, it was decided to set up a facility to treat these mud wastes to
reduce the beryllium teachability and the volume of the waste. For detailing the
equipment requirements for this facility it was essential to carry out
developmental studies to converge to a most acceptable process. As a part of
this programme, experiments were carried out on a scale of about 30 kg batch
size to vitrify the wastes by melting at a temperature of 1200° C in an induction
furnace. Melting of red mud alone as well as mixture of red mud and effluent
mud were carried. Samples are being examined by x-ray diffraction as well as
by water leaching.

6. Chemical Milling of Beryllium Components for M/s. Hughes
Space and Communication Centre, USA

ANTARIKSHA which is a part of Indian Space Research Organisation (ISRO),
entered into an agreement with M/s. Hughes Space and communication Centre,
USA to supply 20 sets of beryllium shafts and flange assemblies conforming to
their design drawings and specifications. These assemblies were produced by
precision machining at BMF. The final components were given a critical finishing
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touch, at Powder Metallurgy Division, by chemical milling to uniformly remove
50 - 60 nm of surface layer. This step is essential to remove the sub-surface
damage induced during machining and restore the mechanical properties of the
material.

7. Vacuum Hot Pressed (VHP) Beryllium Blocks

For a critical nuclear physics experiment a large number of tiny beryllium
buttons were required. For this 10$ x 10 long pellets were produced by muti-
cavity die vacuum hot pressing technique. These pellets were precision
machined the specified dimensioned. Similarly 80 nos. of During this period
11.85 kg Vacuum Hot Pressed beryllium blocks were produced. 8 nos. 18.00 ±
0.03 OD x 14.4 ± ID and 20 mm height beryllium sleeves were produced at the
request of l ight Water Reactor Division (LWRD), BARC. The sleeves were semi-
finished at PMD and final precision machining was done at BMF.

Against a request from Solid State Physics Division, BARC, for beryllium pieces
for use as a filter in Neutron Spectrometer at Dhruva, 1 no. 100 x 50 x 50 mm and
2 nos. of 50 x 50 x50 mm carboid / cubes were produced at PMD and after final
machining at BMF were handed over to the user.

Publications:

1. Saha, S., Sokjel Method of Low Temperature Synthesis of Mulllte and Its
Characterisation, Metals Materials and Processses, Meshap Science,
Mumbai, India, 1998, Vol. 10, No.2,159-166.

2. Saha, S., Isolation and Characterisation of a Complex Formed in Water
Defluoridation, Industrial Products Finder, Business Press Publications,
Mumbai, India, 1998, Vol. 27, No.3, 216-219.
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PREFRE PLANT, TARAPUR

Major Achievements

Following completion of MAPS ;spent fuel reprocessing campaign, internal and

external decontamination of cell equipment was accomplished to make the cells amenable

for incorporating innovations in high active liquid transfer systems and also to carry out

'Contact Maintenance'. Canned motor pumps are planned to be installed for transferring

dissolver product solution after Chop-Leach process at the Head End of the plant.

An anion exchanger has been installed in series with existing cation bed for spent

fuel pool water polishing system.

A new Hold Up Tank to handle low level liquid streams from PREFRE has been

constructed and commissioned.

The consol of CCTV Surveillance system has been replaced with state of the art

control desk consisting of video sequential switches, quad system and video monitor.

The heads of thermocouples have been modified for easy maintenance.

PREFRE plant has completed over 1650 days of accident free work by end of

December 1998.

The work related to R&D was continued as follows :

• AMP granules have been prepared using PVC as binder for selective removal of Cs

137 from low level acidic liquid waste.

• A method has been developed to separate U and Pu from phosphate bearing analytical

waste using PC-88-A impregnated on XAD-7.

• Studies have been carried out for the separation of Pu using supported liquid

membrane technique with supports like fibrous ion exchangers, hollow fibres, polymer

sheets etc. impregnated with solvents like trilauryl amine, tri-iso-octyl amines,

Adogen-464, Aliquot 336, Cyanex 923 etc.
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PROCESS ENGINEERING &
SYSTEMS DEVELOPMENT DIVISION

Major Achievements

1. PROCESS DEVELOPMENT FOR HIGH LEVEL WASTE MANAGEMENT

1.1. Joule Heated Ceramic Melter (JHCM)

Regular round the clock operation of the inactive JHCM Vitrification Facility
commissioned earlier was continued and acquisition of data and their analysis were
carried out in pursuance of the efforts towards development of improved
technologies for treatment of high level wastes. The JHCM has now clocked 22
months of operation during the course of which valuable operational feedback was
obtained. After establishing the reliability of product withdrawal through bottom
freeze valve and resistance heated airlift assisted side drain, efforts were
concentrated on slurry feeding of the furnace. The high level waste was simulated
with iron and cerium. The glass forming slurry was prepared with technical grade
glass former in the form of nitrates and silica powder and alternatively with 200
mesh formulated additive sintered powder. Optimisation of feed rates for single
stream feeding for waste and chemicals separately had been carried out. In either of
the cases homogeneity of glass was satisfactory. During the trials with alternate feed
forms like sintered powder of glass forming additives it was observed that feed rate
could be increased to at least one and half-fold compared to slurry feeding in the
form of nitrates. Off gas load and carryover were also reduced. It is further
presumed that feed in the form of granules of sintered powder wil( further reduce the
carryover. Work in this direction is continued.

1.2. Rotary Calciner Demonstration Facility

A Rotary Calciner Demonstration Facility designed for detailed studies on the
calcination of radiochemicals present in high level waste was installed and
commissioned The calciner was operated at various speeds upto 1S rpm. Dry test
runs upto 1000 °C have been carried out. Operation of the facility is being
continued to test process design features, instrumentation and various associated
systems. Related experimental work was also carried out in the laboratory to study
weight loss for the nitrates of cesium, strontium, zirconium, cerium and chromium
as function of temperature and duration of heating using DTA-TGA-EGA
techniques.
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1.3. Development of Vitreous and SYNROC Matrices

Most of the physico-chemical properties of glass developed for sulphate bearing
high level Trombay waste have been determined. Volatilization of sulphates in glass
forming temperature range has been studied. These studies indicate that the extent
of volatility is low at glass pour temperature (950-1000 °C).

In continuation of laboratory work, formation of zirconolite phase of SYNROC was
achieved by heating at 800 °C for 5 hours co-precipitated hydroxides of calcium,
titanium and zirconium.

1.4. Actinide Partitioning

For optimization of partitioning process for long-lived actinides from high level
waste using TBP and CMPO, efforts were directed towards generation of minimum
volume of secondary waste. These studies were aimed at eliminating radiolytic and
hydrolytic degradation products affecting stripping of americium. Studies with
regard to management of CMPO are also underway. For this, CMPO has to be
stripped of all residual alpha activity and suitable strippants are under investigation.

2. PROCESS FOR TREATMENT OF INTERMEDIATE LEVEL WASTE

An effective treatment scheme has been worked out for alkaline intermediate level
waste stored in Waste Tank Farm of Plutonium Plant, Trombay. The major
radionuclide present in this waste is n7Cs and the process is mainly based on
efficient removal of l37Cs using an indigenously developed Resorcinol
Formaldehyde Polycondensate Resin (RFPR). The resin is used in the loading-
elution-regeneration mode. The process aims at decontamination of the waste to the
extent that column effluent can be eventually discharged. The spent ion exchange
columns after final regeneration will be disposed of as solid waste. Facilities are
being set up for bulk production of the resin. It is planned to treat nearly 600 M3 of
intermediate level waste using this process in the near future.

3. ZEOLITE BASED PROCESS FOR TREATMENT OF LOW LEVEL WASTE

A once-through fixed-bed ion exchange process based on synthetic zeolite was
developed for decontamination of nearly 700 M3 of low level aqueous waste stored
in basement of old evaporation plant at PP Complex, Trombay. The activity of the
waste is expected to be brought down from about lxlO'2 u.Ci/mL to lxlO"4 nCi/mL
before discharge. The use of a 50 L bed of zeolite is envisaged for this purpose. The
process is based on detailed batch and column studies carried out in the laboratory
using actual waste solution. A range of synthetic zeolite samples were tested and the
best one selected on the basis of high sorption of both l37Cs and ^Sr radionuclides.
Sufficient quantity of the suitable zeolite has been procured and processed for use in
the above application
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4 MANAGEMENT OF ORGANIC WASTES

4.1. Alkaline Hydrolysis Treatment Plant for Spent Reprocessing Solvent

The plant is in advanced stages of'construction. Most of the fabrication jobs were
completed. The detailed proposal, which was put up to the Safety Review
Committee earlier, was discussed and additional requirements with regard to safety
analysis scenarios involving process excursions, interlock details were incorporated.
Based on the discussion and clarification, clearances were given for inactive and
active commissioning for an initial batch of 2000 L of spent solvent.

4.2. Incineration Facility

Under the MOU signed between BARC and BHEL, organic waste incineration
facility is being developed and erected at ETP, Trombay. The design and fabrication
of the main incinerator was completed. Integration of this incinerator with waste
receipt system and flue gas cooling system was also finalized. Fabrication of
equipment like primary and secondary heat exchangers, cooling towers, tanks,
valves, etc. is nearly complete. Provision of independent area ventilation has been
provided to this alpha facility and all the fans, ducting etc have been erected and are
under testing. Computer aided control and automation is being planned using a data
acquisition system which is under procurement from ECIL, Hyderabad.

4.3. Management of Spent Ion Exchange Resins

As an alternative to direct fixation in polymer matrices for spent ion exchange
resins, a strategy involving a combination of oxidation processes for complete
destruction of spent ion exchange resins has evolved as part of an IAEA CRP
programme on "Combined methods for treatment of liquid radioactive waste" and
the same was presented during the CRP meeting. This scheme involves partial
oxidation of ion exchange resins using hydrogen peroxide followed by
photochemical destruction. These advanced methods are not only environment
friendly but also lead to substantial volume reduction with complete conversion of
organic to inorganic matter. Further investigations are underway.

4.4. Immobilization of Plutonium Contaminated Oil

Laboratory scale investigations were continued for immobilization of plutonium
contaminated oil in cement matrix. Blocks made upto 1 L scale showed that
additives such as NaOH and reactive silica fumes help to make the oil compatible
with cement. Full scale trials on 200 L scale were conducted using active pump oil
from Plutonium Plant, Trombay. Investigation after curing showed no free oil on the
block. The block however took prolonged time for achieving desirable hardness and
cured differentially.

374



5 DEVELOPMENT OF SELECTIVE SORBENTS/ION EXCHANGERS

5.1. Composite Sorbents for Cesium Removal from Acidic Solutions

Work on composite sorbents consisting of silica and Cu/Co/Ni-hexacyanoferrates
developed earlier for removal of cesium from acidic solutions was continued.
Granular and column-usable (0.40-0.85 mm) samples containing upto 70% by
weight of hexacyanoferrates were prepared. Studies on kinetics of cesium uptake
showed that in neutral solutions rates were considerably affected by granulation in
case of Co- and Ni-based composites while there was hardly any effect for Cu-based
sorbent. In 3.0 M nitric acid, uptake of cesium was found to have decreased to some
extent (91% against 98% in 30 min). Quantitative recovery of cesium using nitric
acid was confirmed with Cu-based sorbent in several cycles of batchwise sorption
and desorption operations.

5.2. Synthetic Zeolite for Removal of Cesium from Acidic Waste

The usefulness of synthetic zeolite AR-l(H) for removal of radiocesium from
effluent arising in the extraction chromatographic partitioning of actinides from
actual high level waste using CMPO-TBP was demonstrated in the laboratory.
Complete removal of cesium was achieved by passing the feed, adjusted to 0.5 M
acidity, through a small column containing 3 g of zeolite at 10 bed volumes per
hour. More than 90% of the sorbed cesium was eluted in 25 ml of 5M NH4NO3
solution.

6.0 RADIATION SHIELDING WINDOWS (RSWs)

Carbon steel housings were designed and fabricated for assembly of RSWs for
which glass slabs had been procured for CIRUS, DHRUVA and Isotope Division.
Arrangements for lead wool, lead sheets and gaskets were also made. Strict quality
control was maintained at all stages of manufacture of the components.

An exclusive RSW assembly shop was set up at WIP, Trombay where the present
and future lots of RSWs required by BARC will be assembied. The shop consists of
two areas: one for preparatory work and the other for clean assembly operations. A
10 Te capacity hydraulic lift trolley was designed and procured for
movement/positioning of the aperture in the housing with respect.to the glass
slabs.The assembly room is also provided with a 1 Te capacity monorail hoist
essentially for positioning of the glass blocks. Assembly of the RSWs required by
Isotope Division has been completed and work on CIRUS window has been taken
up.

Consolidated requirement of RSWs for future BARC projects was prepared by
interacting closely with the project authorities/ design teams of the other Groups and
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Divisions of BARC and IGCAR. Sizing of the RSWs was worked out and glass
slabs required for each were selected in an optimal fashion considering both
effectiveness and costs . Efforts are on hand to procure these glasses.

On the indigenisation front one of the major achievements has been development of
an optical quality light parrafin oil for use in oil filled RSWs. Based on our
suggestions a commercially available antioxidant-"IONOL" was mixed with the oil
up to 100 ppm level and tested for radiation resistance at the Isotope Division. The
oil showed quantum improvement in keeping the optical clarity in radiation up to an
absorbed dose of 45 Mrad. Development of indigenous sources for high quality
antireflection coating on glass blocks is also being pursued. Interactions with Central
Glass and Ceramic Research Institute, Calcutta continued for development of high
density (5.2 gm/cc) glass under a BRNS project and they have already made some
samples which have been subjected to irradiation studies. The stabilised version of
the glass showed good resistance up to 1 Mrad. Proposal for another BRNS project
by CGCRI for antireflection treatment of glass surfaces by chemical etching method
is under consideration of BARC.

7 0 COMPONENT DECONTAMINATION AND CONDITIONING FACILITY,
TROMBAY (PROJECT-CPCFT)

7.1. Civil Works

Civil works of the project registered considerable progress during the year. About
50% work on the main civil structure has been completed while the hot cell
construction is in full swing. Fabrication of almost 90% of the embedded parts for
cells has been completed and handed over to the construction agencies. Target date
for completion is end of 1999. An under water cutting pool has been included as an
extension to cater to the needs of developmental works undertaken by the division
under the IX th plan.

7.2. Electrical and Ventilation Systems

A contract has been awarded for installation of electrical systems of the facility.
Detailed technical specifications have been worked out for the ventilation system
taking into account the functional requirements and the tender is ready for release.

7.3. Process and Mechanical Works

A metal arc disintegrating machine has been installed and commissioned. Tenders
are ready for EOT cranes and other material handling equipment. Procurement
action for specific decontamination equipment has been initiated. A high pressure
and high temperature autoclave is being procured for developmental studies.
Technical specifications have been drawn and procurement action initiated for ultra-
sonic cleaner, chemical soaking bath and electro-polishing tank..
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8 EQUIPMENT/PROCESSES RELATED TO REPROCESSING PLANTS

A new type of passive pump, viz., Air Pulse Pump (APP), was developed for transfer
of radioactive solutions. APP is simple, economical and very reliable. Computer-
aided design model has been developed and validated. Prototype for special
applications has been fabricated and evaluated. Several innovations were made in
airlifts to provide fail-safe and remote recovery features and also direct on-line
flowrate monitoring. A simplified non-metering airlift was developed offering
significant savings in material/installation costs and in eventual decommissioning
and waste handling costs. The CALmsu contactors (seven modules having 42 stages)
fabricated earlier for FUS facility were exhaustively tested off-site and also in-situ.
A vacuum distillation process is in development for recovery of solvent extraction
diluent.

9 MANAGEMENT OF TOXIC WASTES FROM BERYLIUM PLANT

All the necessary clearances for transportation and disposal of stored berylium toxic
waste have been obtained. As per AERB requirements for establishing safe disposal
of waste at gamma garden, migration modelling was carried out. The results show
that migration of berylium will be much below acceptable limits. Detailed scheme
and layout involving processing and conditioning of future berylium wastes were
reviewed. In this context, cementation and vitrification were considered and
detailed investigations were undertaken. Investigations on 20-30 Kg scale using
actual berylium waste have shown that the waste can be vitrified and the leach rates
are very low, justifying their disposal in earth trenches.

10 TECHNICAL SERVICES

Differential Thermal and Thermogravimetric Analysis (DTA-TGA) of 70 samples
received from different Divisions of BARC were carried out at different heating
rates and temperatures using the ULVAC SINKU-RIKO Model RH-7000 Thermal
Analysis Facility available in the Division

11 BRNS PROGRAMME

Satisfactory progress was achieved in the collaborative work with UDCT, Mumbai
on BRNS aided programme entitled "Hydrodynamic and Mass Transfer Studies in
Liquid Emulsion Membranes as Applied to Ore Extraction and Value Recovery from
Secondary Sources with Emphasis on Nuclear Materials". The Progress Report was
prepared.
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RADIATION BIOLOGY DIVISION

Major Achievements

Studies on Radiomodifiers:

Development of effective and non-toxic radioprotective agents is of considerable interest in
improvement of radiotherapy of cancer, protection of occupational workers, radiation accidents and
other nuclear emergencies. Caffeine (1,3,7-trimethylxanthine), a major component of coffee, has been
found to be a potent radioprotector to mice against lethal dose of CO60 y -whole-body irradiation. The
radioprotective effect of this compound has, therefore, been studied further. From the toxicity studies
on the survival of Swiss mice, the maximum non-toxic dose of caffeine has been found to be 365-
mg/kg body weight. The LD-50 and LD-100 values for caffeine in these animals were 290 nig/kg and
310 mg/kg respectively. Administration of caffeine to mice at doses of 80 or 100 mg/kg I hr. prior to
whole-body y -irradiation (9 Gy) significantly enhanced the post-irradiation survival of these animals
compared to those exposed to radiation alone.
Mechanistic studies on the radioprotective effect of caffeine in mice have shown that administration of
caffeine to animals at a dose of 80 mg/kg before whole-body irradiation with 7.5 Gy of CO60 yrays
resulted in significant enhancement of total erythrocyte and leucocyte count as well as haemoglobin
content compared to radiation alone when assessed at time intervals varying from 0-25 days after
treatment.

Studies on Anticancer Agents :

Thymidylate synthase (TS), coupled with dihydrofolate reductase (DHFR), provide precursors for
DNA synthesis through de novo pathway. TS and DHFR are, therefore, key targets for cancer
chemotherapy. Both TS and DHFR activities are elevated 35-60 fold in the leukocytes of cancer
patients with acute lymphoblastic leukemia (ALL)) (n=10), chronic lymphoblastic leukemia (n=!2) and
metastatic solid tumours (MST) (n=6). There was a good correlation of the patients' response to
therapy (as seen from their leukocyte/blast counts) and the biochemical strategy of two predictor
enzymes. Biological evaluation of the Indian medicinal plant alkaloids pergularinine (PGL) and
tylophorimdine (TPD) isolated from Pergularia pallida and deoxytubulosine (DTB) from Alanguim
lamarckii, as evident from the cytotoxicity (microbial cells) and enzyme inhibition kinetic studies,
revealed that all the three alkaloids inhibit cell growth as well as TS and DHFR activities. Our results
show that these alkaloids are potential antimicrobial and antitumour agents. In addition, another novel
TS inhibitor with anti-tumour potential viz., Vitamin B6 (pyridoxal 5'-phosphate) lias also been
demonstrated for the first time.

Radiation Induced DNA Damage and Repair:

Following whole body y - irradiation, an increase in the two crucial enzymes in signal transduction
was observed, namely, protein kinase c and tyrosine kinase. However, the response was found to be
different for both the parameters. Tyrosine kinase was found to respond to very low doses of gamma
•irradiation (lOcGy) whereas PKC did not. PKC was found to be increased only at 3Gy at 1 hr after y
irradiation. Inhibitors of PKC were found to induce apoptosis in stress-induced animals.

The levels of superoxide dismutase (SOD) and calalse of hepatic mitochondria an post mitochondria!
supernatant (PMS) were found to be increased at 24h following whole body irradiation at 2 and 5 Gy.
Likewise, the hepaptic microsomal lipid peroxidation was also found to be increased at this time.
Catalase activity, however, was found to be decreased at 5 Gy.
In yeast, short exposure to nonnuitagcnic stress (alkali and/or H2 O2) enhances their survival when
challenged with UV radiation. The two stresses given simultaneously, did not lave an additive effect.
This seems to be mediated by enliancement in nucleotide excision repair and both the stresses follow
the same mechanism of induction. In another study, reconstitution of enzymatically linearised pUC 18
by human lymphocyte cell free extract revealed that the formation of biologically active form of
plasmid was dependent on concentration of the substrate DNA, protein and ATP in the incubation
medium. Presence of optimum levels of ATP is essential for the formation of covalently closed
circular products.
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Analysis of genomic sequences of//, mediterranei:

A contiguous stretch of 6360 base pairs length of Haloferax mediterranie genome spanning the diuiK
locus obtained by sequencing the clones of halobacterial DNA was analysed. The sequence was
submitted to GenBank and it has been granted the accession number Blankit200674.. AFO69527 by
the GenBank. Analyses of this sequence have led to the identification of the tliree major heat shock
proteins, DnaK , DnaJ and GrpE. These heat shock proteins, have been studied extensively at
biochemical and genetic level in eubacteria and eukaryotes and are known to function in concert as
cellular chaperons , which assist in protein folding/renaturation during stress and also under normal
growth. The analysis of this stretch of genomic DNA of Haloferax medilerranie at the dnaK locus was
found to encompass the genbcs grpE, dnaK, dnaJ, acs, mdh47 and gdh. The gdh gene was on the
intergenic region between grpE and dnaK on the complementary strand. The occurrence of
overlapping genes in the same coding regions in complementary strands is very uncommon in bacterial
systems.

Radiation induced alterations in subccllular organdies:

Effects of whole body y-irradiation on functional attributes of cellular and subcellular organelles and
possible protection by naturally occurring anu'oxidants were examined. Animals exposed to 10 Gy
Gamma-radiation showed decrease in the liver mitochondria! cytochrome oxidase activity. There was
also alteration in lipid peroxidation levels in subcellular organelles from liver. Fe2+/ascorbate induced
lipid peroxidation also showed time dependent increase in irradiated animals compared to control mice.

Alterations in mitochondrial functions in murine tumours following exposure to gamma
radiation and after administration of the hynoxic radiosensitizer AK2123:

Cytochrome oxidase levels in mitochondria isolated from nuirine fibrosarcoma tissues were found to be
considerably elevated following exposure of tumour bearing animals to 6 Gy gamma-radiation. Effect
of AK 2123 on initochondrial enzymes succinale oxidase and cytocliroine oxidase were studied in
tumour and normal tissue of mice. Mitochondrial fraction was isolated one hour after intraperiloniul
administration of AK 2123 (50 mg/kg body weight). Succinate oxidase level in liver mitochondria
showed an increase of 3 to 3.5 fold, one hour after iniraperitoneal injection of AK 2123. In
mitochondria isolated from fibrosarcoma, there was no change in succinate oxidase activity. Levels of
cytochrome oxidase showed an increase of 30% after AK 2123 administration in liver mitochondria
and 40% increase in mitochrondria from fibrosarcoma.

Studies on DNA recombination repair:

Studies were continued on the in vitro recombination system developed from the cell free extracts of
tumour cells. The ampicilin resistant (pAR) and tetracyclin resistant (pTR) plastnids were recombined
in vitro in presence of cell free extracts from mice fibrosarcoma tumours as described earlier. The
ampicilin and tetracylin resistant plasmid obtained after the recombination was analysed by digesting
the plasmid DNA with restriction enzymes Bam H I and Puv 1. Upon digestion the plasmids pAR and
pTR gave single band while the recombinant plasmid gave two bands corresponding to those of
pBR322. This would suggest tltat the recombination has occurred at the site of deletion and the
original restriction sites were restored by recombination.

Cellular responses to hepatocarcinogeneis:

Administration of hepatocarcinogen NDEA to male rats continuously for a period of 60 days through
drinking water was found to result in single strand break in DNA. Maximum DNA damage occurred
after 3 weeks of feeding and there was a tendency to return normal by 5U| week of feeding indicating
either reversal of damage or the proliferation of newly formed tumour DNA.

Organcllar response to hepatocurcinogen :

Presence and alteration of an independent plioshalidyl inositol signal transduction parthway in mouse
mitochondria in response to aflatoxin B1 was identified similar to rat liver system. Dietary factors like
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curcuniin, ellagic acid and rutin were found to decrease the aflatoxin induced increased turnover of
phosphoinositides.

Radiation induced damage in Liposomes:

Liposomes of egg yolk lacithin and DPPC were prepared by thin film hydration method.
Measurements by the light scattering method revealed that lacithin liposomes yielded multilamcllar
vesicles (MLVs) of mean diameter 675 nm. The liposomes obtained from DPPC were predominantly
MLVs with mean diameter of 1450 nm. In some experiments cholesterol was also added with DPPC
(molar ratio 3:7). The size of MLVs was found to be 2000-3000 nm and that of unilamellar vesicles
(U/LVS) 140 nm. To study the radiation effects, the liposomes were labeled with the fluorescence
probe DPH and exposed to gamma radiation dose of 0.2 to 1.0 KGy at 4°C. The DPH fluorescence
showed two components of 1.23 ns and 3.94 ns. The shorter components was found to be related to the
radiation dose.

Radiosensitivity of EA tumour cells by elcctroproration :

The Ehrlich Ascites (EA) cells from mice were washed and suspended in phosphate buffer. The
gamma irradiation was carried out for doses upto IK Gy. In some experiments the irradiated cells were
given electroporation treatment. The viability of cell was determined by dye exclusion method. Post
irradiation incubation of cells at 37° C revealed a radiation dose dependent cell killing. It was further
found that viability of electric pulse treatment of gamma-irradiated cells was dependent on the time gap
after radiation treatment.

Fluorescence detection of radiation damage to thymocytes:

Cell suspension prepared in DMEM (+10% FCS) from thymus excised asepetically from 4-5 weeks
old mice was irradiated at 25° C for doses of 1 to 100 Gy of gamma irradiation. Viability of control
and irradiated cells was determined at 25° C after 30 mins. Incubation by measuring FDSA
fluorescence and Trypan blue dye-exclusion. A correction was found to exist between fluorescence
and dye exclusion method of viability evaluation.

Radioprotection in cancer theraphy:

The potential of whole body hyperthermia (WBH) as radioprotector in cancer radiotheraphy was
ascertained by using fibrosarcoma, a solid tumor transplanted on leg of Swiss mice.' The treatment of
tumor bearing mice with mild WBH 20 h. prior to local irradiation (LIR) of tumor did not protect
transplanted tumor against radiotheraphy. either with single dose of 20 Gy or fractioned dose of
radiation equivalent theraphy (RET) 20 Gy. However, prior WBH treatment enlianced the effect of
radiotheraphy with fractioned doses resulting in greater reduction in tumor growth and therefsore better
mean survival time, compared to LIR alone. The radioprjtective effect observed in normal mice with
prior WBH treatment, diminished significantly in tumor bearing mice, and was totally abolished when
tumour reached 7-8 mm diameter in size.
The studies have been initiated to elucidate the various possible mechanisms underlying the
hyperthermia induced radioprotection and to ascertain the role of cytokines in it. The studies to
ascertain Uie radioprotective effect of WBH in other strains of mice and Wistar rats are also
undertaken.

Protection against toxicity of chemotherapcutic agents:

The studies have been initiated to examine whether WBH treatment could also be effective in
preventing toxic effects of drugs in animals. The N-methyl-N' -nilro-N-nitrosoguaiu'dine (MNNG), a
radiomimetic compound lias been chosed for these studies. The preliminary results indicated
significant increase in survival of mice treated with WBH 24 h, prior to MNNG feeding tlirough
drinking water (ling/ml) for one week, compared to untreated controls. This could be correlated to loss
in body weight.
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Role of biogenic amines in radiation injury :

In response to stress, biogeiuc, amines such as tyramine. tryptamine, histamiue, serotonin, adrenalin
etc., in higher living system, undergo rapid alterations in their litres, and induce clianges in biochemical
pathways, leading to pathological conditions. Ionising radiation is known to cause several types of
metabolic perturbations, in which the involvement of such amines are implicated. Work has been
initiated to identify the nature of amines that are generated in living systems in response to radiation
injury, which acts as stress factor. Experiments carried out with rats exposed to radon gas (180
KGq/m) have indicated that there is an increase in the activity of hepatic tryptophan decarboxlase, (he
enzyme involved in the elaboration of serotonin. The significance of this finding needs to be
examined.

Decidualization in whole body irradiated animals:

A study lias been initiated to investigate the effects of whole body irradiation on morphogenesis of
deciduaJ cells. Decidual cells play a pivotal role in the process of implantation of foetus. Experiments
carried out with rats show that radiation exposure prior to implantation (day 4 of pregnancy), does not
inhibit the process of decidualization, though it leads to foetal mortality.

Prevention of ethylene glycol induced oxalosis :

Accidental ingestion of ethelene glycol (EG), depending on dosage, can be fatal or cause severe
injuries to renal, cardiac and central nervous system. This is due to the fact thai it gets metabolised to
oxalate leading to oxalosis and renal necrosis. Nicotinamide (NA), B3 vitamin, lias been shown to
liave the potential to induce or suppress the activities of drug metabolising enzymes, including
microsomal mixed function oxidase system and therefore its efficacy to prevent the oxidation of EG
under in vivo condition has been evaluaated. In rats administered EG, (he activities of oxalate
elaborating enzymes such as LDH and GAO in liver and kidney tissues were found to be enhanced
significantly, indicating their role in metabolizing glycolate-> glyoxylate->oxalate. The oxidation of
EG to oxalate was found to deplete NAD+, resulting in the inhibition of the citric acid cycle and
accumulation of lactic acid. The elevated levels was observed, there by indicating an acute oxidative
stress in the cells. Production of oxalate from glycolate also resulted in the production of H2O2 which
in turn was found to trigger the formation of lipid hydropcroxides. Concurrent with these, changes, a
marked increase in the levels of lipid peroxjdation in liver as well as in kidneys of EG fed animals was
observed. Such clianges could affect the integrity of membrane, nucleic acid, proteins and alter their
function. Administration of NA inhibited EG induced lipid peroxidation and brought the values closed
to control values.

Studies on the effect of D2O on lipids and one-carbon metabolism :

Feeding D2O -depleted water to AKR strain mice showed an increase in atherogenic factors such as
triglycerides. These trends were however reversed when the mice were fed D2O (300 PPM) through
drinking water for 8 weeks, indicating a beneficial effect of small amounts of D2O. Studies on the
effect of D2O on one-carbon metabolism showed that when Lactobacillus casei were grown in D2O-
free media, the more coenzymatically active polygiutainylfolates were elevated by 3-4 fold as
compared to cells cultivated in the natural abundance of D2O (150 PPM). The physiological
significance of the high turnover of polyglutamylfolates is not quiet clear but might indicate a process
of adaption of the cells to the new environment. Studies on the D2O effect on the membrane transport
of folates and the enzymes involved are also underway.

Dietary polyglutamylfolates luive to be hydrolysed to suitable monoglutamyl forms by the enzyme
folyl conjugase- a requisite prior to intestinal absorprion. Folyl conjugase was induced almost 2-fold
higher in pancreas of experimental diabetic animals on dietary folate ingestion. This also reflected in
quite a high level of luminal folyl conjugase activity. This ensured an efficient luminal hydrolysis and
hence absorption of dietary folates in diabetes. An enhanced intestinal transport and physiological
absorption of dietary folates were observed in diabetic animals probably indicating an increased
requirement of the vitamin in such conditions. The possible mechanisms that lead to increased
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intestinal folate absorption in diabetes might include changes in membrane fluidity or enhanced
transport carriers.

Folic Acid as Antiatherogenic Factor:

The vitamin folic acid lias also been shown to have an antiatherogenic role in lowering the athcrogenic
factors in diabetes. In other experiments with C57BL/6 mice fed with an atherogenic diet, the elevated
atherogenic factors such as total cholestrol (TC), low-density lipoprotein cholesterol (LDL-C) and very
low density lipoprotein cholesterol (VLDL) were lowered to a significant extent on folate
supplementation. The two folate enzymes methylenetetrahydrofolate reductase (MTHFR) and
methionine synthase (MS) involved in inethionine synthesis from homocysteine were observed to be
adversely altered leading to an elevation of homocysteinewhich is atherogenic. Folic acid attenuates
the homocysteine levels and this is possibly through the modulation of MTHFR and MS activities.
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P.A. Inamdar, M.M. Bapat, S.M. Kelkar and TPA Devasagayam.
Proceedings of Trombay Symposium on Radiation. and photochemistry (TSRP-98), Mumbai,
1998.

32. Determination of antidiabetic activity in Allum cepa (Onion) tissue cultures
S.M. Kelkar, G.S. Kaklij, V.A. Bapat and P.S. Rao
Int. J. Phannognosy (Communicated)

33. Whole body hyperthermia in cancer radiotheraphy.
Asifa K. Zaidi, M.S. Patil, M.B. Bhalt, R.S. Bagewadikar, M. Subramanian, R. Rajan, G.S. Kaklij
and B.B.Singh.
Int. J. Hyperthennia. (Communicated)

Abstracts in Symposia / Conferences
1. S. A. Hebbar and K.C. George

Inhibition of radiation-induced lipid peroxidation by AK-2123.
Abstract submitted to International Conference on Radiation Biiology: DNA damage. Repair
and Carcinogenesis and Indo-German Satellite Symposium on Molecular Biology of
Radiation Damage and Repair. Shi Hong, April 7-10, 1998.

2. S. A. Hebbar and K.C. George
Modification of radiation-induced lipid peroxidation by Chlorpromazine on a mouse
fibrosarcoma.
Abstract submitted to International Conference on Radiation Biology: DNA damage. Repair
and Carcinogenesis and Indo-Gennan Satellite Symposium on Molecular Biology of
Radiation Damage and Repair. Slullong, April 7-10, 1998.

3. S. A. Hebbar and K.C. George
Mechanistic aspects of radiosensitization by chlorpromazine and AK-2123 on a mouse
fibrosarcoma.
Symposium on Hyperthermia and Radiomodifiers 7-9 February 1998, Puri, India.

4. Narasimha Rao, R.K. Bhattacharya & S.R. Venkatachalam
Inhibition of cell growth and thymidylate synthase-dihydrofolate reductasc activities by the
plant alkaloids deoxytubulosine, pergularinine and tylophorinidine: Their patential
antimicrobial and antitumor activities.
International Symposium on Biology in the 21" Century & XIU All India Cell Biology
Conference, Symposia Proceedings, Bangalore, 0-8, pp. 31, (1998)

5. K. Narasimha Rao, R.K. Bhaltacluuya & S.R. Venkatachalam
Thymidylate synthase and dihydrofolate reductase activities in leukocytes of leukemia and
solid tymor patients, and their potential inhibition by-certain plant alkaloids.
5th International Union of Biochemistry and Molecular Biology (IUBMB) Conference on the
Biochemistry of Healthand Diseases, Jerusalem, Israel, 0-112, (1998).

6. K. Narasimha Rao & S.R. Venkatachalam
Elevated levels of thyinidylate synthase and coupled enzyme dihydrofolate reductase in
leukocytes of leukemia and solid tumor patients: Inhibition jof these enzymes by the plant
alkaloids jpergularinine, tylophorinidineand deoxytubulosine.
25th Annual National Conference of the Association of Clinical Biochemists of India (ACBI),
Pune, abstract submitted, (1998).
Modulation of stress induced apoptosis by natural modulators.

7. R. Webster, M. Krislma, S. Choudhury and R.K. Bliattacharya (1998)
XXX All India cell Biology Conference, IISc, Bangalore, Mar. 21-23.

8. Occurrence of signal transduction pathway in rat liver mitochondria. (1998).
XXI All India Cell Biology Conference, IISc, Bangalore, Mar. 21-23.

9. Halophilic Archaebacteria
S.E. D'souza
39th Annual Conference of Association of Microbiologists of India. Fisheries College of
Mangalore, Dec. 5-7, 1998.

10. Haiobacteris - an overview of these organism with specific reference to halobactcrial proteins
- their purification and properties - S. E. D'souza.
Invited lecture, Deptt. Of Biosciences, Sardar Patcl University, Gujarat, Jan. 1998.
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11. Genetics of Halobacteris - S. E. D'souza
Invited Lecture, Deptt. Of Biosciences, Sardar Patel University, Gujarat. Jan. 1998.

12. DN A repair and evolutionary conservtion of stress response genes in archaebacteria.
C.K.K Nair.R. Rajagopalaji, and A.S. Kazi
Kyoto University International Conference on "The Role of Radiation in the Origin and
Evolution of Life", Joint meeting with the 23'a Annual Meeting of the SSOEL, Japan, March
1-5, 1998, Osaka, Japan. - Invited Talk

13. Studies on a lu'trotriazole-spermidine conjugate as DNA selective radiosensitizcr Nair C.K.K..
R. Mathew , S. Kapoor, S.R.Venkatachalam ,N.G. Huilgol ,C. Gopinathan and B.B. Singh .
International Symposium on Hyperthennia and tadiomodifiers, 7-9 February 1998, Puri, India.
Invited Talk

14. Unusual features of heat shock protein genes in archaebacteris
C.K.K.Nair
Symposium on Recent Advances in Biochemical Sciences, M.S. University of Baroda,
Vadodara, Nov. I, 1998. - Invited Talk

15. Pulse and gamma radiolytic studies on a novel target selective hypoxic radiosensitizer.
R.Malhew ,S. Kapoor ,S.R. Venkatachalam ,C.K.K. Nair ,N.G. Huilgol ,C. Gopinathan and
B.B.Singh
TSRP - 98 symposia, Jan. 1998.

16. Intravenous plasma distribution of the radiosensitizer, sanasole (AK-2123) in cancer patients -
a phannacokinetic modeling and analysis
C.K.ICNair ,R. MaUiew ,N.G. Huilgol and B.B. Singh
Tenth International Conference on Chemical Modifiers of Cancer Treatment, to be held at
Florida, USA, Jan. 28-31, 1998.

17. Pharmacological aspects of intra arterial administration of sanazole (AK2123) as an adjuvant
to re-irradiation for enhanced tumour delivery and belter sensitization
R.Mathew ,N.G. Huilgol ,A. Soni, C.K.K. Nair and B.B. Singh
Tenth International Conference on Chemical Modifiers of Cancer Treatment, to be held at
Florida, USA, Jan. 28-31, 1998.

18. . Monitoring DNA recombination repair efficiency of tumours by an in vitro cell free system
R.Rajagopalan, K.M. Malhew and C.K.K. Nair
National Conference on Molecular Diagnostics, Dept. Biochemistry, University of Kerala,
Trivandrum, 27-29 June, 1998.

19. Phosphotidylinositol signal transduction pathway in rat liver mitochondria Krishna M.,
K.Pasupathy and R.K. Bhattacharya
XXI All India Cell Biology Conference at HSc. Bangalore, March 21-23, 1998.

20. Response of the signal transduction pathway to whole body irradiation
K.Pasupathy, M. Krishna, J.G. Satav and R.K. Bhattacltarya
International Conf. Radiation Niology: DNA damage, repair and carcinogenesis and Indo-
German Satellite Synip. Molecular Biology of Radiation Damage and Repair, NEHU,
Shillong, April 7-10, 1998.

21. Changes in DNA repair/replication enzyme activities following hepatocarcinogen
administration to rats
K.Pasupathy and R.K. Bhattacharya
Ibid

22. Effect of lindane, an korganochlorine pesticide on aflatoxin B1 metabolism
U.V.Gopalaswamy and R.K. Bhattacharya
XXIII Annual Conference on Environmental Mutagens and Carcinogens, EMSI, University of
Mysore, March 18-20, 1998.

23. Public debate on consultative document on ethical guidelines on Biomedical Research
involving Human subjects sponsored by Institute for Research in Reproduction, Parel and
Indian Council of Medical Research, New Delhi
C.K.K. Nair - Invited as Moderator for the session on Human Genetics.
Mumbai 400 012, September 20, 1998.

24. B.N.Pandey, and K.P. Mishra
Fluorescence studies on gamma irradiated egg lecithin liposomal membrane
National Symposium on Radiation mid Molecular Biophysics, BARC & TIFR, Mumbai, Jan.
21-24, 1998.
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25. B.Hazra, B.N. Pandey and K.P. Mislira
Studies on liposoinal encapsulation and c>1otoxicily of Diospyrin to Enrich Asciles tumor
cells
National Symposium on Radiation and molecular Biophysics, B ARC & TIFR, Muinbai, Jan.
21-24, 19%.

26. S.D.Sharma, B.N. Pandey , K.P. Mislira and S. Sivakami
Nonenzymatic glycation of 'bovine serum albumin in vitro with different sugars: A
comparative st udy
National Symposium on Radiation and Molecular Biophysics, BARC & TIFR, Muinbai, Jan.
21-24, 1998.

27. K.P.Mishra
Cliallenges and prospects of drug delivery using engineered liposomes (Invited talk)
National Seminar on Current Trends and Future Challenges in Pharmaceutics, University
Institute of Pharmaceutical Sciences, Pimjab University, Chandigarh, March 6-7, 1998.

28. K.P.Mishra
New strategies in liposomal drug delivery for improved treatment of cancer (Invited talk)
National Symposium on Current Trends in Liposome Research: Dream to Reality, Department
of Pharmaceutical Sciences, Harisingh Gaur Vishvavidyalaya, Sagar, March 23-25, 1998.

29. K.P.Mishra
Role of membrane oxidative damage in cellular apoptotic response to ionizing radiation
(Invited talk)
International Symposium on Apoptosis, Department of Biophysics, Panjab University,
Chandigarh, October 30-31, 1998.

30. K.P.Mishra
Enhanced incorporation of DXR in Ehrlich Ascites tumor Cells in suspension following
electroporalion
Institute of Medical Radiobiology, PSI, Zuriclu Switzerland, March 19, 1998.

31. K.P.Mishra
Electroporation Based New Strategies for Improvement of Cancer Radiotherapy
Cancer Research Institute, Parel, Muinbai, May 22, 1998.

32. K.P.Mishra
Molecular Machinery of ATP enzyme and discovery of Na-K ATP
Nobel Prize: To Whom and Why, Nobel Prize Review Lecture, BARC, Trombay, Mumbai,
April, 1998.

33. Whole body hyperthennia (WBH) in cancer therapy and radioprotection.
M.S. Paul, Asifa K. Zaidi, M.B. Bhall, R.S. Bagewadikar, M. Subramaiuan, R. Rajan. G.S.
Kaklij and B.B. Singh.
Symposium on hyperthermia and radiomodifiers (ShaRN-98), Puri, (Orissa) India, Feb. 7-9
1998

34. Whole body hyperthennia (WBH) in cancer radiotherapy.
Asifa K. Zaidi, M.S. Patil, M.B. Blum. R.S. Bagewadikar; M. Subramanian, R. Rajan, G.S.
Kaklij and B.B. Singh.
International Conference on Radiation Biology: DNA damage, Repair and carcinogenesis and
Indo-German Satellite Symposium on Molecular Biology of Radiation Damage and Repair,
Shilong, April 7-10, 1998.

35. Effect of whole body hyperthennia on radiotherapy of transplanted fibrosarcoma.
Asifa K. Zaidi, M.S. Patil, MB. Bhatt, R.S. Bagewadikar, M. Subramanian, R. Rajan, G.S.
Kaklij and B.B. Singh.
Second Congress of Asian Society for Hyperlhennic Oncology (ASHO-98) and the 15th

Annual Meeting of the Japanese Society of Hyperthennic Oncology (JSHO-98), Tokyo. Japan
September 28-30, 1998.

36. Free radical damage induced by photosensitization in blood and other tissues during diabetics.
P. A. Inamdar, M.M. Bapat, S.M. KclkarandT.P.A. Devasagayam.
Trombay Symposium on Radiation and Photochemistry (TSRP-98) Mumbai, January 14-19.
1998.
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RADIATION MEDICINE CENTRE

Major Achievements

The Radiation Medicine Centre has been engaged in three major
areas of activities, namely diagnosis/treatment manpower training
and research and development. These activities have been
actively pursued during the year 1998.

PROGRESS RRPORT: Services

I. Diagnosis and Treatment

a) During the year, 26000 patients (new cases and follow up)
were referred to the Centre for thyroid function tests,
static and dynamic scintigraphy imaging studies, and
treatment of thyrotoxicosis and thyroid cancer. Some
patients were also treated for painful bone metastasis and
neural crest tumours A wide spectrum of clinical diagnostic
tests involving cardiology, neurology, pediatric oncology and
nephrourology studies were performed at the Centre.

b) 325 patients with thyroid Ca and 316 with thyrotoxico-
sis were treated with 1 3 1i . n patients were treated with
•̂ •"•I-mlBG for neural crest tumours while 6 patients were
treated for painful bone metastatis with ^ P . Diagnostic
dose of l^1! w a s g i v e n to 463 patients.

2) Radiophormaceuticals used routinely for the diagnosis.

a) About 75000 mCi amounts of 14 different types of 9 9 m Tc
radiopharmaceuticals were dispensed as intravenous
injectables for 5600 patients during the year. The more
important ones were 99mTc-MDP, 9 mTc0 4,

 9 9 mc (III) DMSA and
99mTc-S-collold for the the bone, MUGA aerosol kidney (GFR +
renogram and renal morphology) and liver (RES) studies
respectively.

b) Neuroendocrine radiodiagnostics: About 200 mCi amounts of
* 3*I- mlBG injectable were prepared in house in 16 batches
and dispensed throughout the year for Neuroendocrine
radiodiagnosis.
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c) Neuroendocrine radiotherapeutlcs : About 1280 mCi
amounts of 131I-mIBG injectable at high specific activities
of > 25 mCi/mg were specially prepared in-house at regular
intervals to treat 12 patients with Neuroendocrine disorders.

3) In-vitro studies :

a) Thyroid function studies were carried out in the serum
samples of 7436 patients.

b) 2200 serum samples were analysed for serum
thyroglobulin determination and 2037 samples were estimated
for Antithyroglobulin and antimicrosomal antibodies.

c) The detection of TB antigen and antibodies were
performed in 640 patients.

4) Animal House Facility:

a) Nude mice facility was commissioned, consiting of nude
mice room, sterile room , a clear corridor and bathing
facility. Special cabinet housing for keeping nude mice and
laminar clean work station have been installed, room has been
made airconditioned.

b) During the year, 1444 wistar rats, 149 C57 BL/6 mice, 67
nude mice and 80 rabbits were used for quality control of
Radiopharmaceutical, antibody preparation and research
purpose.

5) Revenue :

About Rs.26.0 lakhs of revenue was obtained from patients.
(The charges levied are highly subsidised versus private centres,
and number of patients receive. free consultation and are
offered free diagnostic and therapeutic procedures).

II) Man Power Ti»a 1 n 1 n^/Areademlc

1) 20 students are undergoing training for DRM/DMRIT
courses.
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2) Medical doctors and technologists availed of
specialised training in nuclear medicine technology.

3) Lectures and demonstrations were arranged for students
of DRP course, Biomedical engg. and RIA training course
for batches of 15-20 students in each discpline.

4) Educational material on nuclear medicine is made
available to the students on internet with knowledge update
on the newer techniques and clinical applications. An
interactive teaching programmes package on gamma camera
performance is also available for students training
programme.

5) 9 staff members of other institute underwent intensive
2 week hands on training programme in the treatment of
thyroid neuroendocrine cancer + palliative treatment of bone
metastasis.

6) Three IAEA fellow from Sudan, Ethiopia and Romania
underwent training in selected fields of nuclear medicine at
RMC.

Ill) RKRKAttfM AND DKVKT.nPMKHT

1) RADIOPHARMACEUTIALS

a) Another analog of EDTMP labelled with 1 5 3 Sm Viz. 153Sm
PDTMP formulated in the Isotope Division was evaluated in
animals. The initial preparations showed higher liver
uptake. Later on the methodology was modified to afford an
agent that had high bones uptake similar to 1 5 3 Sm EDTMP.

b) 1 8 6 Ro(V) DMSA (formulated at the Isotope Division) was
also evaluated in rats. There was 5% renal uptake at all the
time periods studied. Injection of L-lyeine prior to
administration of the agent did not decrease the renal
uptake. The renal contribution sort of restricts/precludes
its utility for radiotherapy.

c) aam Tc-nitroimidazole has been labelled using Sn-cyclam
and Sn-glucaric acid respectively. The excretion of the
former was more by the renal route, while the other had
an extent of biliary contribution. The blood clearance
was fast in both the cases. These were tested in rats
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having experimentally induced myocardial infarcts. The
heart: blood ratios were not high in both the cases.

Photodynamic therapy : The new photosensitizer 5,10,15,20
tetrakis { 4-bie (carboxymethyene-oxy) pheny} synthesized at
IIT Powai and patented by us has been tried out in
experimental mice bearing fibrosarcoma. The animals were then
subjected to irradiation of light using a Cu vapour. (c/o
CAT, Indore). The fluence rates studied were 10,20 and 100
mW/cm2. The 20 mW/cm2 irradiation resulted in extensive
necrosis of the tumour. 3o far no cutaneous skin
phototoxicity has been observed. In this respect this differs
from the Thotofrin' the photosensitizer that is available in
the commercial market. These are preliminary results.

3. Drug delivery systems:

a) Liposome encapsulated 9 9 m Tc-DTPA: Positive MLV, neutral
MLV and SUV's could be used to target drugs to liver,
lung andkidney respectively.

b) Liposome encapsulated Nitrilotriacetic acid : This has
been tried out to reduce hyperferraemia (iron overload in
liver) in patients of thalessaemia,etc. The. encapsulated
agent has been found to be non-toxic as well.

4. Aqueous Sn(II) ligaad kits: Pursuant to the sanctions/embargo
imposed by USA on BARC following Pokhran II, we could not
obtain the requisite spares/accessories for our lyophilizer.
To \tide over the impasse we have adopted alternate
technologies-successfully experimented, in-house prepared and
used aqueous kits instead of freeze-dried ones. The shelf
life of the kits has been extended > 150 days by storing
them at -45°C. Five of such 'kits* have been regularly used
to prepare the more commonly used 9 9 m Tc-radiagnoetics for
patient8.

5) Sc inigraphy:

a. CYCLOTRON-PET SYSTEMS: Efforts were initiated to procure
a state-of-the-art in-house medical cyclotron for the
production of very short-lived radionuclides of physiological
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Interest, viz.18F, 1 1C, 1 3N, 1 50 with half lives of 110,20,2
min. respectively during the IX Five Year Plan period. It is
envisaged that associated computer-driven, remote-controlled,
shielded and automated chemistry reaction modules would be
installed for the rapid syntheses of large amounts of
Physiological active biomolecules like 18F-2 Fluorodeoxyglu-
cose. 11C-methionine.13N-NH4 +, 150 substrates, etc.
employing the above radionuclides. The detection of the
positron emitting radionuclides in the human body would be
achieved using Positron Emission Tomographic (PET) systems.
The use of these is likely to have a far reaching impact on
patient management (diagnosis, prognosis and treatment) in
the field of oncology, neurology, cardiology, infection, etc.
The facility would be first of its kind in the country and
perhaps in S.E. Asia. The 'turn key' project is in an
advanced stage of planing.

b. The division also acquired a sophisticated dual-headed,
variable angle SPECT gamma camera with fan beam collimator.
The instrument has advanced capabilities, and would help to
obtain two view of patients at one time and thus speed up the
throughput of patients. Further, it has a facility for
networking, and would be a great boon to patients.

c. An old General Electric analog camera was upgraded to
digital one by using indigenous P.C. based technology-single
layer acquisition card facility for on-line energy,linearity
and uniformity correction, as well as SPECT acquisition and
analysis.

6. PC based software for processing and analyses of Gamma
Camera studies.

a) PC-gama camera interface ANUGAMIP has been installed at
Institute of Nuclear medicine and Allied Sciences (INMAS)
Delhi. INMAS staff asked for our help in reconstruction of
3-D SPECT.

b) All India Institute of Medical Science (AIIMS) had
purchased ANUGAMI-s interface card from IAEA and Institute
requested us to supply them the ANUGAMI-s interface and the
processing software developed by electronics division and
validated at R.M.C.

c) The operation manual for PC-based software for gamma
camera image processing and analysis has been prepared.
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9. In vitro Studies :

a) Procedure for coating antibodies to polystyrene tubes has
been standardized and validated. These tubes can be used for
assaying FT4/ total T4 by changing the protocol. A pipetting
station has been acquired, which will be of great help in the
larger preperation of antibody coated tubes, and would
increase the throughput of RIA assays.

b) A T3 uptake assay using anti T3 ab coated on magnetic
particles has been standardized. This assay is superior to
the T3 uptake assay using charcoal/other non specific
adsorbents. This work is in collaboration with BRIT.

c) RIA kit for T4 using antibody coated magnetic particle
separation has been formulated for BRIT.

d) An immunoradiometric assay for serum Tg estimation using
B10 IV monoclonal antibodies has been standardized and
validated.

e) An inhouse solid phase assaey has been standardized for
detection of antithyroglobulin antibodies which corelated
very well wiht the existing radioassay method.

f) The use of magnetic particles offer great convenience
in RIA as it eliminates centrifugation. Magnetic particle
coated system has been introduced successfully in the RIA of
Tg as a result reports could be given early and assay
characteristics improved.

g) RIA kit for microalbuminunia especially forthe early
detection of diabetic nephropathy has been extensively
tested.

h) A user-friendly single-step immunological essay for the
diagnosis of tuberculosis has been developed.

i) Different types of tests for the diagnosis of
tuberculosis at small health care centres/hospital based
immunological assays sensitive and specific PCR assays have
been validated. An IAEA sponsored programme on molecular
typing of mycobacterial strains in multidrug resistant
tuberculosis is under way. The ultimate aim is to develop
PcR based tests that wil not only diagnose the presence of
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tuberculosis but also give information about the drug
resistance status of the organism so that appropriate
treatment can be initiated at the earliest possible time.

10) Animal House Facility:

a. A nude mice housing facility has been established at RMC.
This would facilitate the development of experimental models
of various types of tumours of human origin and would be
useful for the study of agents that could be targettted to
issue and to help the development of diagnostic/therapeutic
agents.

b. Veterinary nuclear medicine:

i) Cases were referred to RMC from Veterinary College
Hospital for scintigraphy procedure.

Bone scan was done in 3 cases (dog) of which one case was
with osteosarcoma of mild shaft of tibiafibula which was
operated. Two cases of road accidents with injury at lumbar
region. Transcolonic portal scintigraphy was done in one
case of 4 years old pomerian with chronic ascites suspected
for portosystemic shunt.

ii) One gamma camera was fully dedicated to animal
scintigraphy studies.

11) Protective effect of tumeric extract

Protetive effect of turmeric extract has been observed on
radiation damage in rats as well as on drug induced hepatitis in
rats. The thyroid hormones have also been shown to play a role
in the protective effect of turmeric extract in D-galactosamine-
HC1 induced hepatitis injury in rats.

12) Thyroid hormones and fetal development.

Experiments with radioactive triodothyronine (12^I-T3 ) and
thyroxine (^^I-T^ administration to pregnant rate at 14 days
gestation (before the development of fetal thyroid) have shown
that the actual transfer of T 3 was significantly higher as
compared to that of T4 at a given time of interval after the
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administration of radioactive hormone. This is attributed to the
presence of nuclear T3 receptor during the same period.

13) Bioavailability of calcium from different calcium
formulations :

Ca(Ca*" ) is the fifth most abundent element in the human
body, with nearly all of its occuring in the skeleton as a solid,
mostly in the chemical form of calcium phosphate. It is also a
major circulating divalent cation in our interior milieu playing
an important role in several metabolic processes such as
fertilization, blood coagulation, enzymic cofactor, rlease and
synthesis of hrtnone, maintainance of skeletal integrity.

Due to considerable rise in the public awareness regarding
beneficial effects of Ca 2 + intake various commercial preparations
of Ca 2 + are getting Introduced in the market. Besides beneficial
effects, there are certain risk factors associated with it such
as inhibition in iron absorption, development of hypercalcemia,
kidney stone formation, Hence .physician should be well aware of
these risk factors.

Of the three salts e.g. calcium carbonate, calcium lactate
and calcium studied.it was observed that though all the salts
contributed to similar amount of the elemental Ca2+, there is
significant difference in their utilization by the in-vivo system
In all animal. Ca 2 + in the form of calcium phosphate has better
availability as compared to other two salts.

Although these Ca salts are in clinical use from time to
time, this is probably the only study which has demonstrated for
the first time, the remarkable availability in the biological
system and could provide useful guidelines for extra Ca 2 +

supplementation in the concerned population.
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MTTKTTMflS ATTTOfnKn/RTgMTMARS PABTICIPATKn

1. Dr.(Mrs) A.M.Samuel attended the National Seminar on "Update
on Iodine Deficiency Disorders-Current Status and Future
challenges" at S.V.T. College of Home Science. SNDT
University in Mumbai on Jan.24,1998 and participated in the
Panel Discussion on "Update on Iodine Nutrition"

2. Dr.G.D.Nadkarni attended the Conference on "Advance in
Clinical Pharmacology" in Mumbai on 1st and 2nd Feb.1998 in
Mumbai

3. Dr. G.V.Kadival attended the First RCM on the IAEA Project
"Molecular Typing of Multiple drug resistant TB in India" at
Vienna from Feb.17-19,1998.

4. Dr. (Mrs.) A.M.Samuel attended the "IAEA Inter-Regional Group
Training on Radiation Protection and Safety in Medicine " on
27th Feb.1998 at Trombay and delivered special talk.

5. Dr.(Mrs.) A.M.Samuel hosted the National Co-ordinators
meeting of IAEA on "Thematic Programme on Health Care" (Asia-
Pacific Region) as a National Co-ordinator for India, during
16-20 March 1998 at Mumbai.

6. Dr. O.P.D. Noronha attended International Symposium on
Modern Trends in RAdiopharmaceuticals for Diagnosis and
Therapy, held under the auspices of the IAEA -Vienna, at
Lisbon, Portugal, March 30-April 3, 1998 and presented three
papers and chaired one session.

7. Dr. (Mrs) A.M.Samuel attended the Nuclear Medicine Seminar
and delivered a talk on Paediatric Nuclear Medicine, India at
Jaipur, on April 27, 1998

8. Dr. M.G.R.Rajan attended on Orientation Programme on
"Technoloyg Transfer and Management", conducted by Technology
Centre , DAE, on June 7, 1998.

9. A workshop, for the students of radiobiology Orientation
Course (Training School in applications of Ionising
Radiations" was conducted at RMC during June 8-11, 1998 in
which lectures and laboratory practicals in RIA were arranged
by the staff.
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10. Dr(Mrs) A.M.Samuel attended the CRROAS Steering Committee
Meeting held on 29.7.98 at Cancer Institute, Adayar, Madras

11. Visited Manipal academy of Higher Education (MAHE) Manipal as
a Convernor of a Committee along with the members of the
Committee on 17.9.98 to hold discussions regarding BRNS
finding on a Project Proposal submitted by Dr. V.D.Kartha of
MAHE.

12. Dr.(Mrs.) A.M. Samuel gave a Presidential address at a
function - Awareness Programme on Safe Blood-Save Life
organised by Medical Division, BARC and DAE Sports and
Cultural Council on Saturday 19.9.98 at Multi Purpose Hall,
Traing School Hostel, Anushaktinagar, Mumbal

13. Dr.(Mrs.) A.M. Samuel Presided over the inauguration function
of the one week Communication Workshop for Para-Medical staff
of BARC Hospital and other Hospitals of DAE units at DAE Trg.
Hall, V.S.Bhavan, Anushaktinagar on Sept.21, 1998 organised
by DAE under it Human Resources Development Programme.

14. Dr.(Mrs.) A.M. Samuel gave a Talk on: Nuclear Medicine in
Paediatric Dilemma on 21.9.98 during Nuclear Medicine Week
celebrations held at Dept. of Medicine, Grant Medical College
(J.J.Hospital), Mumbai.

15. Dr.(Mrs.) A.M. Samuel was invited to Talk on: Role of
Nuclear Medicine in Nephro-urology on 22.9.98. During
Nuclear Medicine Week celebrations (21-27th Sept.1998) held
at T.N.Medical college and B.Y.L. Nair ch. hospital Nuclear
Medicine Unlt-Dept. of Pharmacology, Mumbai.

16. As part of Nuclear Medicine Week a Talk on: Paediatric Tumor
and Thyroid Cancer was given at Tata Memorial Hospital on
26.9.98 by Dr.(Mrs.) A.M. Samuel.

17. Dr.(Mrs.) A.M. Samuel gave a Talk on : Nuclear Medicine
Paediatrics on 25.9.98 during Nuclear Medicine Week
Celebrations held at KEM hospital, Mumbai

18. Dr.(Mrs.) A.M. Samuel Attended the 9th Co-ordiation commitee
Meeting of Regional Radiation Medicine (VECC) Calcutta on
24.9.98
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19. Dr. O.P.D. Narohna was deputed by IAEA as expert to CNESTEN
and University of Morocia, Addis Ababa, ethiopia for short
term.

20. Planning meeting for Tuberculosis diagnostic kits-dBT
sponsored. New Delhi-August 21, 1998 attended by
Dr.G.V.Kadival.

21. Dr(Mrs.) A.M. Samuel was Chief Guest at the Annual Function
and Seminar on "Cancer : Hope for Cure" of the Jagannath
Cancer Aid Foundation held on 2.10.98 at 11.00 a.m. at Amar
Gyan Grover Auditorium Haji Ali, Mumbai.

22. Dr.(Mrs.) A.M. Samuel chaired and conducted a session on
"Bio-medical sciences' on 11.10.98 during the Silver Jubilee
International Conferences of women in science held at ICICI
multipurpose hall, Vashi, Navi Mumbai from 8-11 October, 1998
- organised by Indian Women Scientists Assoc.

23. Dr.(Mrs.) A.M. Samuel attended CRROAS Steering Committee
Meeting held at DAE, Mumbai on 16.10.98.

24. Dr.(Mrs.) A.M. Samuel attended Parliament Consultative
Committee Meeting held at New Delhi on 23.10.98.

25. Dr.(Mrs.) A.M. Samuel had an IAEA Expert assignment to
participate as a Lecturer in the REgional Workshop on
Treatment of Thyroid Cancer with 1-131 held at Institute of
Nuclear Medicine and Oncology (INMOL), Lahore, Pakistan from
26th October, 1998 30th October, 1998.

26. Dr.(Mrs.) A.M. Samuel Attended the 2nd Review Committee
meeting of Regional Radiation Medicine Centre, Calcutta held
on 7.11.98.

27. Dr.(Mrs.) A.M. Samuel visited as a part of Poton
Implementation Committee at the Photon Irradiation Project
Site, Nasik (M.S.) on 9.11.98.

28. Dr.(Mrs.) A.M. Samuel attended the National Symposium on
Development of Microbial Pestisides and Insect Pest Injection
held at Hotel Pride, Pune on 11.11.1998.

29. Dr.(Mrs.) A.M. Samuel attended RTAC, BRNS - Advisory
Committee Meeting following TADM held at AERB, Niyamak
Bhavan, Mumbai on November 16-17, 1998.
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30. Dr.(Mrs.) A.M. Samuel attended the 30th Annual Conference of
SNM India held on 2.12.98-6.12.98 at AFMC, Pune.

31. Dr.(Mrs.) A.M. Samuel attended the 12th (special) meeting of
BRIT held on 11.12.98 to consider the recommendation in the
Report submitted by the Review Committee on Applications of
Radiation & Isotopes constituted by DAE at BARC, Trombay,
Mumbai-400 085.

32. Dr. M.G.R. Raj an Thyroid function and Free Thyroid Hormone
Assays : Related Facts and Artefacts. Brig. Mazumdar Memorial
Oraton. 30th Annual Confernce of the Society of Nuclear
Medicine India and Symposium by the Indo-American Society of
Nuclear Medicine held at Bharadwaja Auditorium, Armed Forces
Medical College (AFMC), Pune Cantonment, Pune 411 040 from
Dec. 3-5, 1998.

33. Dr. D.N. Pahuja Calcium : An Insurance Cover Against Chronic
Diseases : Dr. P.N. Shah Memorial Oration, bestowed in the
Memory of the Founder Member, Endocrine Society of India.
28th Annual Conference, Banaras Hindu University, Varanasi,
Dec. 14-16, 1998.

34. O.P.D.Noronha Radiopharmaceutical development in the next
decade: A need for a change instance-from physicochemical to
biochemical physiology.

35. Radionuclide Bone Scan : Sensitive tool for diagnosis and
management of canine bone disorders
P.R. Chaudhari, B.L. Malpani, A.M. Samuel
presented at 22nd Annual Congress of Indian Society for
Veterinary Surgery and National Symposium on Advances on Pre
& Past Operative management of Patient in veterinary
practice, held at College of Veterinary Science and Animal
Husbandary, Orissa, Agriculture University; Bhubaneswar on
5th & 7th Nov. 1998.

"This paper was awarded as "Young Surgon Award" of the Indian
Society for Veterinary Surgery for the Year 1998.
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The following papers were Presented at the. 30th Annaul Conference
of SooiQty of Nuclear Medicine. India held at AFMC Pune from Dec.

3-5. iaaa i.

36) Supine and prone Myocardial SPECT with 2 0 1T1 and 9 9 mTc-
Tetroformin.
N. Nair, T.P. Unnikrishnan, R.V. Parameswaran and B. Singh.

37) Defective organification of Iodine in Clinically euthyroid
patients with Thyroiditie Hypothyroid and values of Tu and
Tsn : Importance of perchlorate discharge test :
N. Nair and B.P. Tiwarl.

38) Effect of salt iodization on the outcome of 1 3 1I Therapy for
Thyrotoxicosis.
V. Rangarajan, Sunil Kumar, N. Nair, B.R. Rao and
A.M. Samuel

39) Quantification of Parto-systemic shunt by means of
9 9 mTc0 4~ - rectal scintigraphy.
B.L. Malpani, A. Banerjee, A.M. Samuel, B.S. Shetye.

40) 99mTc-Tetrofo8min uptake by peripheral Neurodermal Tumor
(PNET) and Ewings differentiate one from other.
N. Nair, P.B. Patel and C.N. Nair.

41) Localization of 99mTc-Tetrofo8min in Lymphomae.
N. Nair, B.P. Tiwari, R. Krishnakumar, K.B. Makhdomi, Sonal
Mistry, R. Gopal, P. Parikh.

42) Role of 99mTc-Tetrofosmin Mammoscintigraphy in Evaluation of
Palpable Breast tumors.
N. Nair, R.B. Patel, S. Pathak, R. Badme and I. Mittra.

43) Poor correlationship between GFR (calculated by Gates
method) and Actual GFR estimated by Blood sampling Method.
B.S. Shetye, B.L. Malpani, V. Rangarajan, A.M. Samuel, P.
Tambe & Uma Ali.

44) Retrospective Analysis to Study the Effect Pyeloplasty in
PUJ Obstruction on the Recovery of Function and Drainage :
V. Rangarajan, Johny Joseph and A.M. Samuel
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45) Chrono-and Pyro-Pharmaceutice (Stability) of Aqueous 131j_
MIBG Injectable
O.P.D. Noronha and G.A. Sonawane

46) Preparation of i.v. 99mTc Radiopharmaceuticala from Spent
Moly 99Mo
O.P.D. Noronha

47) Biologic, Environmental, Radiation Protection, Health and
Safety Norms Adopted during the Production of Rx )single
dosage) and Dx (multidosage) forms of 131I-mIBG in a Non-
dedicated Hospital Facility
O.P.D. Noronha and G.A. Sonawane

48) Comparative Evaluations Study of Newer Tumor Seeking
Compound in Experimental Tumor bearing Animal Model
S. Murugeean, O.P.D. Noronha and A.M. Samuel

49) Evaluation of 99mTc-nitroimidazole in Animal of Myocardial
Necrosis
H.H. Shimpi, S. Mahapatra and O.P.D. Noronha

50) Labelling of Insulin with 99mTc and its Evaluation in
Rabbits
A. Bhelose, R. George, A. Rijju, P.S. Soni and N. Ramamoorthy

51) Comparison of Antibody Detection by RIA and PCR in the
Diagnosis of Tuberculosis Meningitis
G.V. Kadival, M. Kameswaran, S.P. Kulkarni and A.M. Samuel

52) Model for Derivation of Left Ventricle TAC and Selection of
Algorithm for Estimation of Velocity Based Parameters
B. Singh, S.H. Moghe, U.N. Nayak and A.M. Samuel

53) Validation of Cardiac Cycle Based MUGA Numeric Phantom with
Hardware and Patient Data
B. Singh, S.H. Moghe, N.S. Baghel, P.S. Soni, U.N. Nayak and
A.M. Samuel

54) Formulation of Algorithm for Estimating Left Ventricle Time
Activity Curve (TAC) from Multigated Acquisition (MUGA) Study
B. Singh, S.H. Moghe, U.N. Nayak and A.M. Samuel

55) Scintigraphic Evaluation of 9 9 mTc Labeled Liposomal
Dispersion Containing Tropicamide for Ocular Delivery
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25th Annual National Conference of Association of Biochemists pf
India hsld &£ AFMC-Pune.

56) Calcium Supplimentation Inducing iron deficiency ?
U.N. Patwardhan, D.N. Pahuja, A.M. Samuel

57) Polymerase chain reaction in the diagnosis of extra
pulmonary Tuberculosis.
G.V. Kadival, S.P. Kulkarni and A.M. Samuel

58) Placental transfer of Radio lodinated thyroxine (125I-T4)
from mother to fetus before and after development of Fetal
Thyroid Gland.
B.N. Khemani, U.R. Thakare, A.M. Samuel

59) Estimation of Serum Thyroglobulin (Tg) in thyroid cancer
patients by Immunoradiometric assay using In House Developed
Monoclonal Antibody.
Archana A. Damle, Sujith Kumar P.G. and A.A. Narkar.

60) Dr.(Mrs) A.M. Samuel
Invited by the Indian College of Nuclear Medicine and

delivered during the 30th Annual Conference of the Society of
Nuclear Medicine India, held at Armed Forces Med. College,
Pune.

AHflignmenta:

Dr. 0.P.D.Noronha undertook a 10 working day I.A.E.A.
assignment to upgrade radiopharmacy in the Nuclear Medicine Unit,
Dept. of Internal Medicine, Faculty of Medicine, University of
Addis Ababa,

Deputation:

Shri S. Murugesan was deputed for a month from Nov.1998 to
Medical Laser Applications Section of Centre for Advanced
Technology, DAE, Indore to study the effect of short-time laser
irradiation on ;mice bearing fibrosarcoma. The mice were treated
with a photosensitiser before the irradiation. Preliminary
studies showed neurosis around the tumour site (with Dr.
P.K.Gupta, CAT)
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Publications:

1. Indian J. of Nuclear Medicine Vol. 13 (1998) was compiled and

published by R.M.C.

2. Radioimmunoassays for free Thyroxine in serum, present Satus
and expectationa.
M.G.R.RaJan, IJNM 13(2), 75-78, 1998

3. Radioimmunoassay for Thyroxine Binding Globulin (TBG)-can it
be used as a Marker for Liver Tumours?
B.N.Khemani, U.R.Thakare, and A.M.Samuel, IJNM 13(2):66:98

4. Radioimmunoassay and other Immunodiagnostic Techniques for
Tuberculosis-Past and Present. Is there a future? Gururad
Kadival, 13 (2) :69:98

5. G.D.Nadkarni and B.U.Sawant
Role of antioxidant defence in renal pathophysiology:
Primacy of glutathione peroxidase
Indian J.Exp. Biol.(accepted)

6. Swapna J. Nabar and G.D.Nadkarni
Effect of size and change of liposomes on biodistribution of
encapsulated 9 9 m Tc-DTPA in rats.
Indian J.Pharmacology (accepted), Vol.30, June 1998

7. G.D.Nadkarni and B.U.Sawant
Role of antioxidant defence in renal pathophysiology:
Primacy of glutathione peroxidase
Indian J.Exp. Biol.(accepted) 36: 615-617 June 1998

8. G.V.Kadival, C.D.Dsouza, M.Kameswaran and A.M.Samual
N.Tuberculosis 38 KDA ant1gent and its encoding gene-
experience in diagnostic appplication. Indian J. Clin.
Biochem. 12 (Suppl.) pp 68-71, 1997. M.G.R.RaJan, IJNM 13(2),
75-78, 1998

9. M.G.R. Rajan et al. Comparative evaluation of immunochemical
methods for estimation of albumin in microalbuminuria for
Liver Tumours?
Indian J. Biochem, Biophys April 1998
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10. L.J.Joseph, K.B.Desai, H.J.Mehta, M.N.Mehta, A.F.Almeida,
V.N.Acharya and A.M.Samuel. Serial concentrations of thyroid
hormones in blood after successful kidney transplanation.
Dialysis. Transplant Vol.27, May 1998

11. Placental transfer of radiolabelled thyroid hormones from
mother to fetus before the development of fetal thyroid
gland. B.N.Khemani, U.R.Thakre and A.M.Samuel
Medical, Science Research, 26:803-1999.

12. Protective effect of turmeric (Curcuma Longa L.) extract on
carbon tetrachioride induced liver damage in rate
U.R.Deshpande, S.U.Gadre, A.S.Raste, D.Pillai, S.V.Bhide,
A.M.Samuellndian J.Exptl. Biology: 36 573:98

13. Hepatobiliary clearance of **9m mebrofenin in d-galactosamine
HCl-induced hepatitis in rate. Protective effect of
turmeric (curcuma longa).U.R.Deshpande, L.J.Joseph and
A.M.Samuel Paper accepted for publication in Int. J.of Nucl.
Med and Biology.

14. The role of thyroid hormones in the protective effect of
turmeric extract in D-galactosamine-HCl induced hepatic
injury in rats. L.J.Joseph, U.R.Deshpande, A.M.Samuel. Paper
accepted for publication in Thyroidology, Clin. and
experimental.

15. Radioiodine: A.Boon and a Bane. Emergency Preparedness during
its Accidental Release D.N.PahuJa BARC Newsletter, BARC,
Founder's day-Special Issue No.177 p.33-0ct.1998.

16. Radiostrontium : An effective counter measure to curtail
radiostrontium uptake by Bone-A preliminary Report-
D.N.Pahuja:Ibid.p.39

17. O.P.D.Noronha A blue print (proposal) for the development of
radiopharmacy (and nuclear medicine) in Ethiopia-Vision 2010
A.d. A technical working paper submitted to Commissioner,
Ethiopian science and Technology Commission ( and also to
I.A.E.A) pp.10, Dec.1998
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18. O.P.D. Noronha Upgrading the radiopharmacy laboratory in
Ethiopia: The need for supportive technologies.Technical
Cooperation Experts end-of-mission report to the I.A.E.A.,
Vienna, pp.41 Dec.1998

19. Is the rental damage after administration of 3 2 P for
palliation of pain from Skeletal Metastases. Primacy of
glutathione peroxidase. Indian J.Exp. Bio1.(accepted)
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RADIATION SAFETY SYSTEMS DIVISION

Major Achievements

I. RESEARCH AND DEVELOPMENT ACTIVITIES

1) Analysis of the results obtained during participation in international image
analysis intercom pa rison: The Image Analysis System was evaluated by
participating in Intercomparison exercise. The CR-39 detectors sent by the
organizers were already irradiated by i) different (n,a) and (n,p) converters in a
reference Pu-Be neutron field enriched with thermal and epithermal neutrons with
small fast neutron contributions, ii) in high radqn concentration and iii) with
different alpha sources, at their lab in Budapest, Hungary. The feedback from the
organizers indicates that our results were matching well with their master values at a
number of points. Some of the results are indicated below:

Table: Comparison of some parametric mean values of circular tracks

Det
No.

0

1

2

3

4

5

Values

B.A.R.C.
Ref. Labs.

B.A.R.C.
Ref. Labs.
B.A.R.C.
Ref. Labs.
B.A.R.C.
Ref. Labs.
B.A.R.C.
Kef. Labs.
B.A.R.C.
Ref. Labs.

Track Area

(urn)2

11.58
9.82

8.67
9.60
37.50
43.82
90.07
81.80
48.70
51.28
50.85
50.70

Equivalent
Diameter

(um)
3.76
3.54

3.25
3.51
6.76
7.47
10.08
10.21
7.75
8.08
7.90
8.04

Minor
Axis
(urn)
3.55
3.12

3.06
3.03
6.08
7.52
9.54
9.60
7.09
7.80
7.26
8.14

Major
Axis
(urn)
3.99
3.71

3.47
3.70
7.39
7.90
10.54
10.22
8.27
8.21
8.46
8.55

Perimeter

(um)
12.49
12.59

10.83
12.17
23.56

34.75
33.60
26.67

27.37
26.47

The experience gained in the exercise will be utilized for automatic counting of
tracks and/or their parameters from the regular samples generated in the SSNTD lab in
place of conventional method of manual counting. The system was set up with the help of
Electronic Systems Division.

2) Measurements of neutron fluxes in the cave at the Apsara shielding corner
using SSNTD and activation techniques: Flux measurements were carried out in
the cave at the shielding corner of Apsara using SSNTD and gold activation
techniques at the scaled down power level of 400W, to get an idea of neutron fluxes
that would be available in the cave at normal power. The thermal fluxes (<0.5 eV)
assessed by SSNTD and activation techniques were 1.31xlO6± 9%and 1.63 x 106 +
6.1% n/cmVsec respectively. These experiments were carried out in collaboration
with RPNE Section of RSMD, BARC.
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3) Role of SSNTD in three step method for total assay of alpha activity in air
effluents: Filter paper samples, which showed background values (alpha counter
bkg = 1 cpm), were investigated using SSNTD in the present work for assaying the
hitherto unreported fractions. The activities thus estimated using SSNTD were in the
range from 1.38 x 10"6 Bq/m3 to 36.41 x 10"6 Bq/m3 for detector exposure periods of
21 to 30 days.

4) The microprocessor based prototype Pu-in-air monitor based on alpha to beta
activity ratio method was employed at RChD/FCD Labs to finalise the software
for the system incorporating alarms and display of monitoring parameters.

5) Alanine dosimetric system was employed to calibrate in PANBIT facility a test
Chamber called Synergism Chamber fabricated by RSD. Other materials such as
lithium carbonate and surf powder are being investigated to check their suitability
as postaccident dosimeter employing ESR technique.

6) A prototype liquid effluent monitor was developed and calibrated in laboratory
with samples of effluent of various concentrations of P-y activity. It is proposed to
field test this device on the discharge pipe of ETP, BARC.

7) Methodology for preparation of thin films (-20 u.m thick) of water soluble dyes
has been developed. These films will be studied for use as dosimeters for gamma
and electron radiations.

8) A thin NaI(Tl) (2 mm x 25 mm dia) detector system has been developed for
measuring I in thyroid of the staff members at BRIT. The follow-up studies on
certain subjects at BRIT Complex Vashi have indicated that the highest effective
dose to a single individual worked out to be only 1% of the average annual dose.

9) Shielding calculations were performed for multioverpack waste transfer cask,
intermediate Level conditioned waste drum transfer cask & dissolver sub-cell
(ROP).

10) The shield evaluations and design safety aspects were carried out for the
accelerator and gamma irradiator facilities. A summary of these activities is given
below.

Theoretical studies: At Indus-1, using the following three experiments, theoretical
evaluation of the contribution to doses from electrons and bremsstrahlung
radiation was arrived at. The 20 MeV electron beam from microtron was dumped
on accelerator tube of S.S. material by switching off bending magnet and resulting
electron and bremsstrahlung dose rates were measured at various angles with
respect to incident beam and compared with estimated values using EGS4 Monte
Carlo Code. The 20 MeV electron beam from microtron was dumped on 3 mm and
6 mm thick Cu targets and dose rates at various angles with respect to beam
direction from the target were analysed for the electron and bremsstrahlung
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components. For the high energy bremsstrahlung beam, the thickness of buildup
material required for charged particle equilibrium for TLD and chemical dosimeters
was analysed.

11) Development of Aerial Gamma Spectrometry System under IX plan. An
Industrial PC based compact system being designed as add-on PCB is under
advanced stage of development. The two add-on PCBs one each for 10 bit ADC
and a data acquisition card with dual port RAMS have been fabricated. The
window based environmental system software is currently being developed for the
system.

12) Laundry Waste Monitor for RMC. A uP based laundry waste monitor for
installation at RMC has been completed. The unit monitors the radioactive laundry
waste, e.g. patients' clothing, vials, rubber gloves etc. packed in a standard package.
The unit is currently being installed at RMC.

13) Environmental Radiation Monitor with Remote Reading Capability. The
Environmental Radiation Monitor has been upgraded by including remote reading
capability using infra-red transceivers. The provision of remote reading has been
included for use in the patient room at RMC.

14) Microprocessor Based New System for Radiological Control of Vehicle Loads
of scrap. Work on Plastic Scintillators based detector boxes with associated
pulse processing electronics have been completed to monitor the scrap carrying
truck for any inadvertent presence of radioactivity. The data processing and
control are provided by a remotely located PC.

15) A microprocessor based mobile contamination monitor to scan floor for
contamination: Its various subsystems are ready & are being integrated into a
remote controlled vehicle. The system will use a gas flow type/or pancake type
detector at the bottom of the vehicle to monitor the contamination. The top of the
vehicle will house fix infra-red sensors to receive movement control commands
from a hand held portable unit.

16) A modified version of a 256 channel portable MCA using a compact 80C535
microcontroller card and detachable probe with Nal(Tl) detector has been designed.
The software for the spectral data processing in the assembly language of the
microcontroller is currently being developed.

17) Comparative study of Lyoluminescence (LL) of some organic solids viz
aminoacids and disaccharides has been carried out using an 8051 based upgraded
version of LL measurement system. The study showed that the Lactose, penta
erythritol, threonine and glutamine are usable in the dose range 1-104 Gy while
tris' showed a dosimetric range of 0.1-200 Gy.
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18) A prototype Tritium In-Water Monitor with sample conditioner. The detector
consists of plastic scintillator flow cell coupled to two EMI-9635 P.M. tubes
connected in coincidence mode. The sensitivity of the system is 1 nCi/ml. With the
new sample conditioner, the life span of the detector is around 20 days. This system
will be useful for detecting the heavy water leak to the process water. It has been
installed at RAPS.

19) Tritium In Air Monitor developed for NAPS was field tested at Dhruva and is
ready for installation. This monitor can measure tritium activity in air in presence of
interfering radioactive noble gases.

20) A GAMMA-LOGGER was developed for measurements of activities over surface,
underground and underwater, with a cable delivery system of 200 - 300 meters and
covering a wide y-dose rate range from 10 u.R/h to 107 R/h. A variety of detectors
like (PM+Scintillator), (Photovoltaic cell + Scintillator), a family of ionisation
chambers, silicon rectifier diodes, etc. were evaluated for their suitability. The
cable delivery system is effected by a winch which gives an indication of cable
length at which the measurements are done. The instruments were calibrated using
chemical dosimeters. Gamma dose-rates inside coolant Channels at RAPS and
MAPS were measured by tested detectors. During actual operations, results
matched within ±10% of the standard fricke dosimeter. This instrument was also
used in in-situ radiation mapping of CIRUS incore reactor components and the
measurements were in good agreement with TLD measurements.

21) Tritium lab: a) Permeability studies of tritium through different plastic suit
materials with precalibrated ionisation chamber of HPD. b) Tritium enrichment
studies by distillation column at HWD/Hall-2. c) Study of tritium at natural level in
ground water, coconut water with electrolytic enrichment, d) Tritium analysis of sea
water from Kalpakkam coast for proposed desalination plant.

22) Electret Development & Applications: 80 electrets prepared by Thermo-electret
technique and 12 electrets prepared by Ion-Implantation technique were used
for following applications, a) Environmental Electret Dosemeter System being
used to assess performance evaluation of environmental gamma dose measurements
in BARC complex, b) Preliminary measurement of Radon with electret dosemeter
and Inter comparison with SSNTD results being carried out. c) X-ray measurement
by Electret Personal Dosemeter. d) Development of a technique of electret
formation by ionisation produced in air.

23) Multiport Gross Alpha Counting System: A compact (50 x 30 x 5 cms) gross
alpha counting system using gas flow detectors and conventional modular
electronics was developed. The unit can count five air filter paper samples
simultaneously. Good effeciency (> 30%), low background (~0.5 cpm) low
operational cost (uses commercially available. Argon at <10 cc/min. flow rate), good
operating plateau (-150 V) are the salient features of the system. Electronics
consists of modular bin and power supply, EHT module and multi scalar/timer unit.
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This system can effectively substitute conventional [PMT + ZnS(Ag)] five units,
used for this type of application. Present system is fully indigenous, cost effective
and saves lot of counting time if number of samples to be counted are large. One
such system is installed at Radiometallurgy labs, and is working satisfactorily.

24) Research and Development (Accelerator Safety) at RHC Unit, VECC: a)
Radiation transport b) Estimation of Neutron Yield Distributions i) experimental ii)
theoretical.

H. OPERATIONAL RADIATION PROTECTION ACTIVITIES

The Division continued the ongoing programme of providing radiological
protection services appropriate to operations carried out at all the plants/facilities in
BARC and other units of DAE in Mumbai, Indore and Calcutta. Special attention was
paid to non-routine operations including those requiring continuous monitoring of
workplace, equipment and personnel. Some of the areas involving ALARA applications
are effluent control and discharge monitoring, waste monitoring and transport,
handling of radioactive PHWR components in certain Divisions in BARC etc. The
collective radiation exposure at all the plants covered by RSSD are comparable to those
in previous five years. In some cases average individual dose and the collective dose
show at a declining trend.

Some of the important operations which called for extensive RHC coverage
during the year were as under:

i) Radiological operations at Cirus during long shutdown and associated with
refurbishing activities were continued. Some of the areas/structures were surveyed
for the first time, as they are inaccessible during reactor operation conditions,
generating useful data of radiological significance.

ii) Extensive sampling and monitoring of tritium-in-air to detect source of tritium in
Cirus control room during state of total ventilation shutdown. Based on these
results, ROMG-ORC is considering certain modifications in the ventilation
system.

iii) Stagewise radiation mapping of shielded neutron guide tubes in Dhruva prior to
obtaining permission for regular neutron transmission. Radiological support
during O& M activities associated with reactor operations.

iv) Modifications and equipment installation in Process cells of Plutonium Plant,
Trombay required extensive efforts at dose control and personnel deployment.
Similarly, close radiological surveillance was provided during engineering
installation for uranium separation in Process cell in Evaporation Plant Building
ofFRD.
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v) Radiological surveillance during fuel fabrication activities and PIE of certain
PHWR components at RMD, the latter showing radiation levels upto 10.0 Gy/h.
Some of the wastes originating in hot cells also showed radiation levels upto
10.0 Gy/h.

vi) Radiological surveillance during fabrication and transport of high active Co-
dO, lr-192 sources in Isotope Division ISOMED, FIPLY, PANBIT and HIRUP
as also during dispatch of large number of routine radioactive consignments
from BRIT facilities.

vii) Radiological surveillance during the commissioning of 500 keV electron beam
industrial accelerator for low current and low energy run. The target showed a
contact dose rate of 0.5 to 1.0 mGy/h under these conditions.

viii) Radiation Safety surveillance was provided for radioactive operations in
various divisions at Mod. Labs., Engineering Halls and DPS. Radionuclides
handled were 60Co, l4C, 32P, 3H, 59Fe, 51Cr, 6Xxx, 24Na, l2JI, 129I, m I , U-Nat,
233U, 233U, Th-Nat and 99Tc.

ix) Radiation protection coverage was provided for carrying out therapeutic
procedures involving oral administration of 131I to thyroid cancer patients and
also during diagnostic administration to patients at RMC. Activity levels ranged
from kBq - GBq. The number of patients who were administered radioactivity for
various therapeutic purposes added upto 1100.

x) Inactive Scrap Monitoring Programme: During the period, 178 truck loads of
scraps were monitored. One incident of contamination was located in the
inactive scrap. Maximum dose rate of the activity mixed with the scrap from
Mod. Labs., Engg. Halls & Central Stores was 0.2 mGy/h.

xi) Site Emergency Control Centre at BARC carried out regular site surveys and
participated actively in the Emergency drills carried out during the year 1998.
A radiological impact assessment on the Trombay site due to release of41Ar
from Dhruva/Cirus was carried out. The study shows that the complex site of
BARC reduces the impact by a factor of 5 compared to a plain topography.

xii) Radiation Protection Supervision during Operation and Maintenance of Cyclotron
in VECC Unit.

xiii) Dose Analysis for the year 1998 for the facilities for which RHC coverage was
provided by our Division: (FIG. 1)

Collective dose
No. of persons
Average Dose

2.95 person Sv
4156
0.71 mSv
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HI. INDUSTRIAL HYGIENE & SAFETY ACTIVITIES

1. Under the Accident Prevention Programme, a total of 267 injury cases that
occurred in BARC Units and DPS in the year 1998 were analysed for different
agencies causing injuries, part of body affected, unsafe conditions and unsafe acts
and a database was created. There were 50 disabling injuries during the year and a
total loss of 936 man-days resulted.

2. Industrial hygiene surveys were conducted at Central Workshops (to estimate
nickel concentration in air), Beryllium Plant (to estimate beryllium in air) and
Cirus (to estimate oxygen percentage in air in the Ball Tank Area). An
illumination survey was conducted at Central Workshops and a ventilation survey
was conducted at Beryllium Machining Facility, Vashi Complex. Noise level
surveys were carried out at Central Workshops, Dhruva, Heavy Water Division
and Indian Rare Earth Plants (at Udyogamandal, Chavara, Manavalakurichi and
OSCOM). To assess the quality of the compressed air meant for respirable purpose
at the Advanced Fuel Fabrication Facility (AFFF), Tarapur, air samples were
checked for CO, oil mist and paniculate matter.

3. A two-day workshop on Safety Legislation was organised at BARC where 80
Safety Coordinators from the various Divisions of the Centre participated in the
deliberations. The workshop was inaugurated by Director, BARC. The main
emphasis of the workshop was on Atomic Energy (Factories) Rules, 1996. While
inagurating the workshop, Director emphasized the prime importance of safety
considerations in the centre and adopting all the rules which augment safe
operations in the centre, and said that most of these rules have originated from vast
experience gained both within our country and countries abroad and hence have
acquired the status of universal acceptance and application in all workplaces.

4. On the National Safety Day, i.e. March 4, a safety exhibition was arranged at the
CC auditorium. On this occasion, a safety slogan contest was conducted and
safety films were also screened as part of educative efforts.

This Centre was awarded the AERB Safety Award for 1997 for the best safety
performance among R & D units of the DAE.

5. Members of the Division participated in the deliberations of the following
Committees: Cosmetic Maintenance Committee, BARC Traffic Safety Committee,
Safety Committee for Heavy Water Plants in Operation, Advanced Powder
Metallurgy Programme, Reactor Design and Development Group Safety
Committee, Safety Committee for Metallurgical Operations, Modular Laboratories
Safety Committee, Engineering Hall Safety Committee.
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267
50
936

1.7
33
0.06

271
35
658

1.2
23
0.03

6. A few members participated in the Workshop on Fire Hazard Analysis,
housekeeping shield awarding Committee constituted by the CMD, ERE Plants, a
Meet of Regulatory Agencies and Safety Professionals from the Maharashtra State
organised by Council of Industrial Safety, Fire Mutual Aid Meeting for the
Chembur Area. International Conference on Fire Safety organised by the DAE.

7. Summary of Accident Analysis for the year 1998
(for BARC Units and DPS - FIG. 2 & 3)

1998 1997

Total No. of Injuries
Total No. of Disabling Injuries
Total No. of Man-days Lost

Frequency Rate (FR)
Severity Rate (SR)
Injury Index (II)

IV. TRAINING

1) The IAEA Regional Basic Professional Training Course on Radiation Protection
was organized during Oct. 26 to Dec. 18, 1998. The purpose of the course was to
provide training and building professional competency in the young radiation
workers who are called upon to take up positions in the field of radiation protection
in their respective countries. The course was financially supported by the
International Atomic Energy Agency, Vienna and all necessary infrastructure was
provided by the Bhabha Atomic Research Centre. A total of 21 nominees and 7
observers from 10 member states from South-East Asia attended the course.

The course consisted of 15 lecture modules designed and based on the
'IAEA Standard Syllabus' covering a total of 102 lectures delivered by 55 faculty
members out of whom 52 were from BARC. The lectures covered all topics related
to Radiation Protection, Radiation Emergency Preparedness aspects and Industrial
Safety and Hygiene.

The detailed lecture notes (102) were published in a bound volume of 1250
pages and distributed to the participants prior to the start of the course. Ten
practical experiments were arranged on the usage and calibration of various
radiation safety equipments. Sufficient time was allotted for "each practical to
ensure direct hands-on experience by individual participant. Three demonstrations
on 'Regulatory Authority Information system' (RAIS), 'Computer Analysis of
gamma spectrum' and 'Usage of Health Physics Instruments' were arranged. The
five groups of the participants prepared the project report and all the participants
participated in the presentation of the project work in the last week of the course.
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For giving brief ideas to the participants of other aspects of nuclear
industry, five special lectures were arranged in the evening sessions. Eminent
scientists of Department of Atomic Energy, India, gave the lectures. Four
Technical visits as study tours were arranged to Kakrapar Atomic Power Station,
Radiation Medicine Centre, ISOMED (An Radiation Plant for Sterilization of
Medical Products) and Nuclear Reactors within BARC Complex (Dhruva and
Apsara).

An examination committee, constituted for the course, conducted 14 exams
covering all the modules. The examinations consisted of multiple choice questions
on each lecture. On an average the participants secured 70% marks.

2) At RMC Parel, lectures, practicals and apprentice programme were arranged and
conducted for DRM and DRMIT students of Bombay University. Lectures were
also given to the students of Dip. RP, Biomedical Engineering and Research
Fellows of CRI.

3) Members of the Division delivered lectures on Health Physics to 41st and 42nd
batch Engineering trainees of HRD Centre, Training Division BARC Lectures
were also delivered to Health Physics Trainees of NPCIL, and defence
personnel at CME, Pune. Lectures on radiation safety are delivered periodically
to new entrants/plant personnel and as a part of Qualification/Licensing/
Authroisation scheme in plants/facilities covered under this scheme.

4) Under the training programme, a two-day course on industrial hygiene and safety
was conducted at Tarapur for the staff members of Advanced Fuel Fabrication
Facility. Lectures on industrial hygiene and safety were delivered to the Trainees of
BARC Training School and stipendiary trainees of other Divisions. Lectures were
delivered on Noise Pollution for the students of M.Sc. Environmental Science at
University of Mysore and on Environment, Health, and Safety Management
aspects for the students of M.Sc. Applied Chemistry at University of Mangalore,
respectively.

5) Arranged practicals and demonstrations of alpha & gamma spectrometry for M.Sc.
students of Mangalore University.

6) A 20 hour lecture course on radiation protection was conducted at S.P. University,
Vallabh Vidya Nagar (Gujrat) for the students of Master's degree course in
Industrial Hygiene, during May 1998.

V. APPLICATIONS & SERVICES

1) In Dhruva a new version of radiation dose management software written in Visual
Foxpro 5.0 was implemented.
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2) One unit of continuous alpha-air-monitor (CAAM) utilising size separation
technique by impaction for discrimination of plutonium particles against
daughters of radon and thoron is being field tested in one of the laboratories
ofRMD.

3) Radiological surveillance was provided for the following tracer experiments
conducted by Isotope Division, BARC a) Study of dilution and dispersion
characteristics of pollutant in Thane creek using Br-82 as tracer, b) Study of
sediment movement in Hoogly river at Haldia Port Trust using Sc-46 glass powder
as tracer.

4) Automatic Radioactive Package Monitoring System developed by RSSD &
DRHR is being run on trial basis satisfactorily at the BRIT Labs, in Vashi.
The system monitors all the surfaces of the package and prints the maximum
dose rate and Transport Index automatically on the container.

5) Environmental Radiation Monitor: The monitor developed earlier and integrated
with a navigational aid was used for natural background survey along Mumbai -
Ratnagiri route by deploying it in a Guard's cabin. It will help generate natural
radiation background map of India.

6) The Dose Control software based on Visual Foxpro was installed in RAPS,
MAPS, KAPS and NAPS with the fine tuning of the programme done as per the
local requirements at site. Software is now put into use for on-line DRD
issue/return governed by the controls built in the package to verify the various
Reference Levels of radiation dose for individuals. Two programmers from each
power plant were invited to Trombay for in-depth training in Visual Foxpro and the
Dose Control Package to enable them to generate queries, reports and forms
required in addition to those already incorporated in the package. Two persons
from Kaiga Plant have been fully trained and the software has been installed at
Kaiga. A programme for internal dose management in Indian Rare Earths, Alwaye
was developed using Visual Foxpro DBMS package and is in use there now.

7) Radiation Safety Information Network was maintained under Novell Netware and
kept in operating condition during the working hours using additional nodes and
LINUX Server. Peer-to-peer network using WINDOWs-95 was setup for file and
print sharing between the computers.

8) Radioactivity measurement facilities: a) Analysis of Pa-231, Rr-85, Au-198 and
fission product activities in different type of samples, b) Influence of Ar-41 in low
level gamma spectrum, c) Revaluation of branching intensity data of Pa-234. d)
Analysis of Thorium and Cerium in Bioassay samples using NAA techniques, e)
Study of background activities in potable and nonpotable water, f) Streamlining the
bulk waste monitor for WMD.
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9) Members of the Division attended a workshop on criticality calculations at HASL,
Kalpakkam. Criticality calculations were carried out for certain processes/systems
of FRD & NFC by a member of RHC Unit at PP.

10) As a part of specifying activity content in drums containing assorted waste,
generation of a data library of different categories of waste specific to Plutonium
Plant, Trombay was completed.

11) Members of the Division participated actively in various Safety Committees
including those appointed by SARCOP & AERB. Some members also served
on various committees/Task Groups constituted by AERB on various projects/
preparations of various documents.

12) Regular Deployment and maintenance of area monitors on all entry/exit points
of the BARC site is provided. Currently 37 such monitors are operational within
BARC and BRIT, Vashi.

13) Accelerator and Gamma Irradiator Safety: Indus-1 and Indus-2: The synchrotron
radiation source facilities at Centre for Advanced Technology (CAT), INDORE,
consist of a microtron (20 MeV, 20 mA) booster synchrotron (450 MeV/700
MeV, 28 m circumference) (SRS), storage ring (450 MeV, 100 mA and 19 m
circumference) and a proposed booster-cum storage ring (2 GeV, 300 mA and
170 m circumference) (SRS-2). The Medical and Industrial Accelerator (MIA)
facility consists of the electron accelerators i) medical microtron (20 MeV), ii)
1 MeV DC accelerator and iii) 10 MeV linac. Indus-1 is under commissioning
stage. Dose measurements around the ring and transport line in this facility are
being carried out for checking shield effectiveness. Project Safety Review
Committee for particle accelerators (PSRCPA)of AERB has been provided inputs
for safety features of Indus-1, Indus-2 and MIA accelerators.

14)FOTIA and Pelletron: Using the revised source terms as a result of experiment
conducted at Pelletron, constraints on current have been suggested. Few
experiments to measure neutron dose rates from targets bombarded by heavy ions
were conducted at Pelletron, TIFR.

15)500 keV accelerator: This is a 500 keV, 20 mA (DC) electron accelerator under
commissioning at BRIT, Vashi. Radiation dose mapping for this accelerator was
done for low energy of 200 keV and low current of 5 mA.

16) Electron Beam Centre: The accelerator facilities at Electron Beam Centre (EBC),
at Kharghar, consists of 10 MeV, 10 kW RF electron Linac and 3 MeV, 30 kW
DC electron accelerator. Preliminary shield design and safety evaluations for
both of these accelerators have been completed.
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17) Medical Cyclotron: Shield design evaluations for cyclotron machines from four
manufacturers, GE, EBCO, Siemens and IB A were completed and a report
prepared for approval of S&EC of Technical Proposal (Part 1).

18) i) Radioactivity measurement facility: Providing analysis services to RSSD, HPD
and other divisions of the group for gross alpha, gross beta and alpha, gamma
spectrometry. Providing counting facilities for water, filter paper, resin, ore etc.
using gamma spectrometry. ii) Tritium Lab: Providing Tritium analysis services
using Packard LSS 4530, a) Tritium samples of tracer experiment from Bio-
Sciences Group, environmental and bioassay samples from HPD, b) Tritium
samples from DHRUVA, CIRUS and WMFT, c) Surveillance for tritium
experiments of HWD and WEP. Providing tritium studies with Quantulus LSS 1220
(BARC hospital) for low level environmental samples around Mumbai and outside
BARC campus and sea water samples from Mumbai coast from HPD, fresh heavy
water samples from HWD.

19) Analysis of Radioactivity Content in Food Product at VECC unit.

20) Radiological Safety Design of New Projects, a) K-500 Superconducting Cyclotron
b) Radioactive Ion Beam (RIB) facility i) shielding ii) ventillation iii) induced
activity in VECC unit.

21) In addition to the above, food and other samples have been analysed at RHC Unit,
VECC for their radioactivity content and certificates issued in a revenue earning
process.

No. of samples analysed (in 1998) : 3524
No. of chargeable samples analysed (in 1998) : 3380
Total revenue earned (in 1998) : Rs. 67,60,000=000 (Rupees Sixty seven

lakhs and sixty thousand only)

VL UNUSUAL OCCURRENCES

1. While servicing the beam holes in Cirus with fuel and other in-core
components completely removed, a beam hole plug dropped on the floor, leading
to alpha contamination of the reactor hall and outside passage also getting partly
affected. Immediate action taken resulted in normalization of the reactor hall.
Measurements did not show any case of internal contamination.

2. Glove changing operation in the glove boxes in RMD resulted- in the air-borne
Pu activity upto 500 DAC and heavy localised contamination on two occasions.
Bioassay and whole body counting of the involved personnel did not show any
internal contamination.

3. Part of the wooden roof support of the salt storage godown, shed S-31 (thorium
plant, IRE) collapsed. Incident ascribed due to age related deterioration of matter
and was discussed in the Local Safety Committee. No persons were injured.
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4 Hydrogen explosion occurred at UMP when the HF furnace was opened for
maintenance. Incident resulted in minor burns and UF4 spillage on the face of one
individual. Person was hospitalised for a week.

VD. PUBLICATIONS

1) Safety aspects and shield design of POTON irradiator1. S.K. Mehta, B.R.
Bongirwar, A.R. Nayak, R.K. Modi and M.S. Ramkumar, ICARID-98 conference,
Feb. 4-6, 1998, at Mumbai.

2) Methodology for Quick Assessment of Deposited Radioactivity on Ground in a
Radiation Emergency, K.S. Pradeep Kumar, G. Krishnamachari and M.S. Kale.
Radiation Protection and Environment, Vol. 21, No. 1, pp5-12, Jan.-March, 1998.

3) Design of a Compact Aerial Gamma Spectrometry Sytem G. Krishnamachari, N.
Raman, D.N. Sharma, Anand Raman, M.S. Kale, M.M.K. Suri, Probal Chaudhury,
K.S. Pradeep Kumar and M. Harikumar. Radiation Protection and Environment, Vol.
21, No. 1, pp 21-27, Jan.-March, 1998.

4) Preparation of Electret by Ionizing Radiation in Air: S.V. Malvankar, P.C. Gupta and
N.S. Kubal, Radiation Protection and Environment, Vol. 21, pp 94-97, April-June,
1998.

5) Ghosh D.K.: Characterisation and Evaluation of Airborne Dust Associated with the
Mining Operations, Indian Journal of Occupational and Environmental Medicine,
Vol. 2, No. 2, pp 92-95, June 1998.

6) Soundararajan S, Narayan S., and Menon P.G.G.: Health and Safety Concepts and
Practice: Comparison between Radiological and Conventional Hazards, Indian
Journal of Occupational and Environmental Medicine, Vol. 2, No. 3, pp. 161-67,
September 1998.

7) A.M.Bhagwat,Invited talk on "Low Level Activity Measurements Using SSNTDs", at
XI Nat. Symp. On SSNTDs, Oct 12-14, 1998, Amritsar.

8) A.M.Bhagwat, H.K.Dravid and R.V.Kolekar,"Measurements of neutron Fluxes in the
cave at the Apsara Shielding Corner Using SSNTD and Activation Techniques", XI
Nat. Symp. On SSNTDs, Oct 12-14,1998,Amritsar.

9) D.P.Bhanti, V.B.Joshi, A.M.Bhagwat, Y.V.Rao, S. Kar, Valli Kumar, D.G.Joshi and
V.K.Chadda, "An Image Analysis System (IAS) for parametric studies of nuclear
tracks ",XI NAT. Symp. SSNTDs oct 12-14, 1998, Amritsar.

418



10)V.B.Joshi, D.P.Bhanti, A.M.Bhagwat and R.V.Kolekar,"Parametric Analysis of
Nuclear Tracks using Computer based Image Analysis System",Xl Nat. Symp. on
SSNTDs, Oct 12-14,1998, Amritsar.

ll)R.V.Kolekar, V.B.Joshi, D.P.Bhanti and A.M.Bhagwat, "Role of SSNTD Technique
in Three-Step for Total Assay of Alpha Activity in Air Effluents", XI Nat. Symp. on
SSNTDs, Oct 12-14,1998, Amritsar.

12) Pulmonary metastases in children and adoloscents from well differentiated thyroid
cancer : A retrospective analysis. A.M. Samuel, B. Rajasekharrao and D. H. Saha.
Journal of Nuclear Medicine, 39, pp 1531-1536, 1998.

13)Processing of complex gamma ray spectra by M.C. Abani, Paper published in IAEA-
TECDOC-1049 (1998).

14) J. Halton and P.K. Sarkar, "Increasing the efficiency of radiation shielding
calculations by using antithetic varietes". - Mathematics & computers in Simulation,
47, pp 309-318, 1998.

15)N. Chakraborty, P.K. Sarkar, M. Nandy and S. Ghosh, "Excitation function
measurement and reaction mechanism analysis for alpha induced reactions on I97Au".
-Journal of Physics G. 24, pp 151-166, 1998.

16)M. Nandy, S. Ghosh, and P.K. Sarkar, "Angular distribution of pre-equilibrium
nucleons in heavy ion reactions" - Proc. Of DAE. symposium on Nuclear Physics,
pp 138-139, 1998.

17) G. Prabhakar Rao and P.K. Sarkar, "Estimation and analysis of neutron skyshine at
particle accelerators". - Report:BARC/1998/E/003.

18) G. Prabhakar Rao, "Neutron Dosimetry in the Accelerator Environment", M.Sc.
Thesis, University of Mumbai, 1998.

19)R. Ravishankar, "Computer Aided Radiation Treatment Planning". M.Sc. Thesis,
University of Mumbai, 1998.

20)R.V. Kolekar, "Measurement of Low-levels of uranium/plutonium activity by solid
state nuclear track detection (SSNTD)", M.Sc. Thesis, University of Mumbai, 1998.

419



FIGURE- 1

Collective Dose (1989-1998)

1989 1990 1991 1992 _ . 1993 1994 1995 1996 1997 1998

Per Caput Dose

w

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

4 20



FIGURE-2

PERCENTAGE OF DISABLING INJURIES AND
MAN-DAYS LOST DUE TO PART OF BODY AFFECTED
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FIGURE-3

PERCENTAGE OF DISABLING INJURIES - AGENCYWISE (1998)
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RADIATION STANDARDS &
INSTRUMENTATION DIVISION

Major Achievements

1. DC PLAN PROJECTS

(i) Development of Devices & Instruments for Personnel Monitoring

Digital Pocket Radiation Dosimeter (DIGIDOSE)

A pocket radiation dosimeter (Digidose) has been developed. It is a semiconductor
detector based, low cost digital radiation dosimeter. It provides continuous digital readout over a
wide range(l uSv to 999999 uSv). It works on a pair of coin type Lithium battery cells (CR2032)
with the battery life exceeding one month if used for 8 hrs a day in a lOuSv/hr radiation field.

The detector module consists of a silicon diode and a charge-Sensitive amplifier based on
a locally available CMOS IC. The amplifier has a sensitivity of 250 mV/Mev. With the discrimi-
nator bias adjusted to obtain a background of 1 uSv equivalent in 30 minutes, the detection
threshold is 40 kev. The module is provided with electromagnetic shielding,energy compensation
filter and anti vibration foam. It is powered by a regulated low voltage supply of 4.2V. The power
consumption of the module is low, about 1 mA when subjected to a radiation field of lmSv/hr.

The energy response of the unit is within ±20 % from 60 kev to 1.2 Mev. It has a
sensitivity of 1 count per uSv. Battery low condition is indicated by the glow of a decimal point.
Doserate response is linear within ± 5 % up to 5 Sv/hr.

Wired PC boards for the 100 units are being tested.

( i i ) Upgradation of Calibration facilities

In connection with the upgradation of calibration facilities under the 9th Five Year Plan
project, the specifications of the component systems were finalised. Procurement of the items is
initiated. These include a detector positioning system using a PC controlled movement to locate
the detector accurately at a predetermined position and a multiple radiation source head to
provide radiation fields from 0.5 uSv/hr to 1 Sv/hr.

2. BASIC RESEARCH

A. Calibration & Dose Records section

(i) Study of effect of phosphor grain size on the peak height ratio of CaSO4:Dy - batch to
batch variation:

Batch to batch variation in glow peak height ratio of main glow peak and lower temperature
satellite peaks of CaSO4:Dy was found to vary by more than a factor of 4 while the TL
sensitivity was found to vary seldom by more than 20 %, for the identical and standardised
preparation procedures. The variation of glow peak height ratio with grain size was more
pronounced in some batches while no significant change was observed in some other batches. This
was attributed to the variation in the extent of diffusion of impurities into the lattice during
preparation of phosphor. Testing of each phosphor batch in the grain size range as close as
possible to the actual use was found to be crucial and necessary parameter for maintaining the
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uniformity of essential dosimetric characteristics of TLDs to be used in large scale personnel
monitoring.

(ii) UV Dosimetric Studies:

Luminescence (photo & thermoluminescence) studies on lamp phosphors Ce, Mg,
AD, 07 (Eu, Tb) card calcium halophosphates Ca5(Po4)3 (F,Cl):Mn,Sb and work on UV
induced photo and thermally stipulated luminescence of CaS04:Eu has also been completed.
Characteristics of ThO2:Tb3+ phosphor have been examined for UV and irradiations with a view
to examine its TL kinetics/mechanism. Work on CaF2:Tb, CaF2:Eu & CaF2:Dy is in progress.

3. APPLIED RESEARCH & ENGINEERING DEVELOPMENT

A. Calibration & Dose Records Section

(i) Calibration of TLD badge to photons of energies above 6 MeV

Response of CaS04.Dy Teflon TLD discs based TLD badge has been evaluated for
radiation fields having photons of energy above 6 MeV, often encountered in nuclear power
plants. Gamma ray response of the TLD disc under metal filter in the badge (used for evaluation
of gamma ray doses) was found to increase by about 10% to photons above 6 MeV as compared
to the response for reference calibration to Co-60 gamma rays. Response of discs under the open
window and the plastic filter was found to be only 40 to 60% of that under metal filter. Thus,
while measurements of whole body dose is not affected seriously, the estimation of beta dose in
the mixed fields of high energy gamma rays and beta rays could be in serious error and aspects of
personal dosimetry need attention.

(ii) Software Development work:

(1) Modification in the existing SW:- The SW for immediate display of lifetime cumulative dose
data for individual person is further modified to incorporate the display of break-up of each
annual dose record for the working years after 1984. Also, details of break-up of annual
Internal dose, neutron dose, beta dose and wrist dose are available for display. Thus, complete
individual dose records is covered in two to three screen-display.

(2) NEW SW for new number list & overexposure list:- (a). New Number List: For
preparation of printout of the list of personal numbers allotted to NEW radiation workers in the
institutions covered by the respective P.M. units a program is compiled and tested. The input is
taken from the NEWCOR file created while allotment of new numbers. Periodic preparation of
the list would help to keep the P.M.Units updated, (b). Over-Exposure List: A SW is prepared
to generate the list of over-exposure cases during the Five Year Block from the updated lifetime
cumulative dose master file. The list would include details of all the doses received during the
block-years. Earlier the list was prepared by screening the cases above the dose limit in the
individual annual master files using LIMIT program.
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B. Instruments for Radiation Protection

(i) A microcontroller based multiprobe radiation monitor

A microcontroller based multiprobe radiation monitor is being developed for measuring
radiation levels. The main electronic circuit of the unit is centered around a single chip
microcontroller 87C51. The measured radiation levels are displayed on a 16 digit alphanumeric
dot matrix LCD display. The entire operation of the unit is done through four front panel keys
viz., 'SET', 'START/STOP', ' INC and 'DEC. The different detectors used in the multiprobes
are G.M.counter, ion chamber and scintillation detector. Each probe consists of an EEPROM
which stores detector information like, type of detector, polarising potential to be applied to the
detector, calibration factor, etc.. The pulses from the detector are shaped by a pulse shaper
circuit and are fed to the internal counter of the processor. The polarising potential can be set to
any value using a programmable EHT, variable from OV to 1200V.

(ii) Smart area monitor

A microcontroller based area monitor has been developed using a single chip
microcontroller 87C51 for monitoring gamma radiation levels outside gamma source containers
calibration rooms etc.. The monitor uses a halogen quenched, energy compensated G.M.tube as
the radiation detector. The unit also contains a measuring circuit and an LCD display. Exposure
rates reading with current time are displayed on the 16 digit dot matrix LCD display after every
minute. The pulses from the G.M.tube are counted for one minute duration and are compared
with the preset counts for alarming purposes.

Two 9 pin D type connectors and a press type Recall key are provided on the front panel.
First 9 pin D type connector is used for connecting a memory card to the monitor. This memory
card can store average reading of one minute dose rates after every 30 minutes with time,date and
month data upto a maximum of 30 days when operated continuously. Second 9 pin D type
connector is used to connect a IBM compatible PC to the monitor, in RS232 serial interface
mode. Through PC key board, current time, date, month and chip number is loaded into the area

(iii) A PC based Dual Channel Ion Chamber Dosimeter

This is a PC based dual channel dose measurement system, developed to measure dose
and doserate from ionizing radiation with high accuracy. Ionization chambers of different volumes
are used to cover a wide dynamic range of {Tew uGy/hr to kGy/hr) exposure rates, encountered
in radiotherapy. The dosemeter is compatible with smart ionisation chamber which contains a
EEPROM memory to store data like chamber type, sensitivity, range and required polarising
voltage. The dosemeter reads the chamber data and automatically selects the range of
measurement and required polarising voltage.

The main electronic circuit is centered around a 87C51 microcontroller which is used for
range selection and communicating with the PC through an RS-232 serial interface. A high preci-
sion electrometer amplifier (OPA128) is used to measure charge and current from the ion
chamber in the low and high range. A 12 bit ADC (7109) is used for interfacing the electrometer
output to the microprocessor. The entire operation of the unit is controlled by a dedicated person-
al computer.

The dosemeter can measure charge from lpC to 0. luC and current from lpA to 0. luA in six
ranges with 31/2 digit full scale resolution, using 0.4cc, 4cc, 40cc and 400cc air equivalent ion
chambers. A d.c. motor controlled high insulation bandswitch is used for changing the ranges.

(iv) Development of PC interface and software for dose estimation for Postal Dose TLD
Intercomparison
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A software package in 'C language has been developed for postal dose TLD
intercomparison undertaken by RSSection. For this, a Hewlett Packard Multimeter is used .for
collecting the TL signal from the TL Reader setup available in the RSSection. The multimeter is
connected to the PC using an RS-232 serial interface and the glow curve signal is transmitted to
the PC every 500ms. The glow curve is plotted on line on monitor and stored in
a user defined file in the floppy/hard disk. Software is written for evaluating and estimating the
dose corresponding to the TL signal after normalizing the reading and applying drift correction.
The software is working satisfactorily. The software is installed in RSSection ahd the concerned
staff members are trained in the use of software.

(v) TLD Reader for Research Applications

Single chip micro controller (89C51 & 89C2051) based TLD Reader for research is being
developed. The electronic hardware consists of four PCBs, one EHT module, two 16 characters
alpha numeric displays and a front panel key board. The wiring of the PCBs and the assembly of
the unit has been completed. Software development and debugging is in progress. Work on two
such Readers is in progress

(vi) An interface unit based on 89C51 microprocessor has been developed for converting the IEE
488 bus output from a Keithley Nanovoltmeter to RS232 output for connecting to a PC. The
nanovoltmeter with PC interface will be used for development of Chemical Dosimetric standards
using calorimetry.

C. Radiation Standards Section

(i) The Radiation Standards Section continued its efforts in updating its standards and
ensuring their conformity with those of other countries, providing calibration services for
protection & therapy level detector systems used in various institutions and supply of
radionuclide standards. Besides, the section has also carried out exercises for the assessment
of dosimetry accuracy and radioactivity assay in medical centres and actively participated in the
various training programmes conducted by the Health, Safety and Environment Group.

(ii) In the Indirect intercomparisons carried out with ADC labs. (USA) and KFD labs.
(South Korea) for the measurement of the quantity air kerma rate at Cobalt-60 and
Caesium photon energies using transfer standards an agreement in the range 0.5 to 2.0 % has
been obtained. The results of the intercomparison with the International Bureau of Weights &
Measures (BIPM) for the same are awaited. The section has participated in the SIR
programme organised by BIPM using the radionuclide Iron-59 and conducted the 8th national
intercomparison of Iodine-131 assay wherein 18 nuclear medicine departments participated.

(iii) The Section has participated in the IAEA TLD audit and the results showed an
agreement of 2 % . In the Inter EAG (External Audit Group) comparisons using TLDs, MINT,
Malaysia showed an agreement within 1 % whereas with CNEA, Argentina a deviation of 7.5 %
was observed. Out of about 200 Cobalt-60 teletherapy machines in the country, 103 units
were audited using mailed TLDs in which dosimetry accuracy within acceptable limit of 5 %
was observed for 77 machines. In the case of 10 units which have shown a deviation in excess of
10 %, the success of corrective measures initiated was confirmed by a repeat TLD audit.
Three institutions which have shown consistent good dosimetry accuracy have been chosen for
TLD audit under non-standard conditions. A TLD run is planned wherein about 20 high energy
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machines will also be covered. To achieve the traceability of radiation measurements to
national standards, the radiation fields used in the calibration of personal monitoring TLD badges
at MAPP & NAPP site TLD units were calibrated using a reference standard and similar
exercise is planned for other centres.

(iv) To evaluate the air kerma to directional dose equivalent conversion factors (defined by
ICRU) for the reference diagnostic x-ray beam qualities ranging between 40 to 125 kV, MCNP
code was used. The results obtained for back scatter factor for a standard phantom agreed
well with those published in literature. New values for fluence to ambient dose equivalent
conversion factors were calculated for various radioactive neutron sources used in calibration of
radiation monitors. The sources' spectral distribution data was obtained from the IAEA
compendium and the radiation weighting factors used are the ones recommended in ICRP-60.
The values of effective energies for these sources were also computed.

(v) A spectrophotometric readout method was developed in the dose range of 1 Gy to 500 Gy
using threonine amino acid. This dosimeter has good post irradiation stability and linear dose
response and is very useful for food irradiation dosimetry.

(vi) Locally manufactured 250 |im thick Garfilm-EM polyester film was evaluated
spectrophotometricaly to determine its suitability as a high dose dosimeter. Film had good clarity
and consistent thickness. Radiation induced absorbance was reproducible within ± 2% throughout
the dose range. Films had good post irradiation stability and a linear dose - absorbance
relationship in the dose range 20 -200 kGy. These films can be used as dosimeter in radiation
processing using electron accelerators. A paper presented on this work in International
Conference on Application of Radioisotopes in Industrial Development-( ICARID-98) held at
Mumbai, was adjudged as the Best Contributory Paper of the conference.

(vii) A Research contract (8532/R1/RB) 'Use of Spectrophotometric readout method for free
radical dosimetry in radiation processing including low energy electrons and Bremsstrahlung' was
renewed with IAEA, Vienna.

(viii) A dose intercomparison experiment was done with Riso National Laboratory, Denmark
using the glutamine dosimeter both for ^Co and 10 MeV electron accelerator. Doses of about 10,
20 and 30 kGy were used for the irradiations. There was an agreement within 1% between the
dose measured by glutamine dosimeter and the dose given by Riso.

4. SERVICES

A. Calibration & Dose records section

(i) TLD Monitoring Service in Nuclear Power Reactors:

Power reactor personnel (TAPS-1200, MAPS-1080, RAPS-1328, NAPS-1600,
KAPS-1100) are monitored for external radiation exposures by the TLD units and reports are
provided to the stations for ensuring dose control at the station. Monitoring service also covered
PREFRE and TWMF at Tarapur (total persons-450) IGCAR (810 persons) at Kalpakkam.
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(ii) Quality Assurance Check of TLD Personnel Monitoring Service

One cycle of Quality Assurance check of TLD Personnel Monitoring Service was conducted.
Performance of the all the stations meets the ANSI criteria. Minor steps to improve the
performance were further initiated.

(iii) Update of Dose Data and Personal Data Records

Periodic routine updating of annual dose data master and personal data master was continued.
Institutionwise data receipt status was conveyed to respective PM Units in a printout so as to
expedite the processing of the dose data files for preparation of final 5-year block dose reports by
the end of March 1999. A total of 42 new institutions were allotted, new institution numbers and
2400 new persons were registered as radiation workers and allotted personal numbers. About
2000 records in the name/personal data file are updated as per the information received from the
institutions. For restarting TLD Personnel Monitoring service to defence medical institution,
necessary updated name and address files were provided.

B. Personnel Monitoring services

(i) The Section conducted countrywide personnel monitoring for 31500 radiation workers from
industrial, medical, research and DAE institutions using CaSCV.dy TLD and Agfa-Gevaert films.
About 1250 radiation workers are provided fast neutron monitoring service using Kodak NTA
nuclear emulsion and CR-39 SSNTD. About 400 criticalhy accident dosimetry badges are also
issued to various DAE units. During the year, about 134 cases of exposure exceeding 10 mSv
were reported. Eight persons were called for CA Test. About 153 cases were investigated by the
Overexposure Investigation Committee during this period and follow-up measures were
recommended. AERB Radiation Exposure Review Committee reviewed 41 cases from DAE and
25 cases from non-DAE institutions who exceeded 20 mSv during 1997. The process of shifting
TLD unit from INMAS, Delhi to Defence Laboratory, Jodhpur has been almost completed and
the unit has started monitoring of about 850 defence personnel from January, 1999 on quarterly
basis. The Section earned a revenue of Rs.1.2 Crores for personnel monitoring of non-DAE
institutions.

(ii) The Personnel Monitoring Section has put into service three Semi-automatic TLD Badge
Readers, developed in the Division as part of introduction of automation in the routine personnel
monitoring services and they are performing satisfactorily.

C. Radiation Standards Section

(i) For various users in DAE and non-DAE units, calibration service was provided for 90 nos.
of different types of gamma and neutron monitors. 29 nos. of secondary standard dosimeters
were calibrated for various therapy centres and 50 nos. different radionuclide standards were
supplied to various users.
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(ii) A simplified method for the measurement of average dose-rate received by natural rubber
latex plant at Kottayam was evolved during the dosimetry of the plant using glutamine and alanine
free radical dosimeters (spectrophotometric read out).

(Hi) Average dose-rate, dose uniformity and over dose ratio in a box used for rat irradiation with
cobalt-60 teletherapy machine was measured using FBX dosimeter for Radiation Biology and
Biochemistry Division, BARC.

(iv) A NORDION ELITE research irradiator, Gamma cell-1000, used for irradiating blood
samples by All India Institute of Medical Sciences, New Delhi was calibrated using FBX
dosimeter.

(v) Glutamine dosimeters received from Shriram Institute for Industrial Research, Delhi were
irradiated to different doses in order to make a calibration graph for food irradiation dosimetry at
SARC plant. The spectrophotometric measurements done at SARC on these irradiated dosimeters
were analysed. A dose intercomparison is now planned at SARC for licensing purpose.

D. Radiation Protection Instrumentation Section

(i) The entire electronic circuit of a Universal Dosimeter was redesigned and new PCBs were
wired and tested. The dosimeter was handed over to Defence.Laboratories, Jodhpur after it was
calibrated by Radiation Standards Section.

(ii) 40 Manual TLD Badge Readers, three Clinical Dosimeters and six Secondary Standard
dosimeters were repaired during this period.

(iii) The supporting services group of the Instrumentation Section has taken up the production of
12 semi-automatic TLD Badge Readers and ion chambers of different volumes like 0.4cc, 4cc,
40cc and 400c for Ionex type dosemeter. It has already fabricated six no.s of ionisation chambers
of 0.6cc for the Beam Therapy Dosimeter.

5. MANPOWER TRAINING & DEVELOPMENT

(I) The staff members of the Division delivered lectures and took experiments for the various
training courses, viz., IAEA Regional Basic Professional training Course on Radiation Protection,
One year Post-Graduate Diploma Course on Radiological Physics, NPCJL Health Physicists
Training course , Level - 2 Radoigrapher's Course and Radiation Safety Aspects of nucleonic
Gauges conducted by different Divisions of Health, safety and Environment group.

(ii) An IAEA trainee from Myammar was given training in Personnel Monitoring Section during
this'period.

(iii) Shri I.J. Britto of Rubber Board Kottayam was trained for two weeks in chemical dosimetry
techniques for radiation processing.

(iv) Students of one year Diploma course in Radiological Physics conducted by Radiological
Physics and Advisory Division were trained in the use of FBX and Fricke dosimeters for
calibration of teletherapy source and Gamma chambers.
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(v) The Radiation Standards Section had arranged and conducted practicals for the post-graduate
students of various universities and briefed them about radiation standards and calibration
techniques.

6.SEMINARS/MEETINGS

Shri S.Chakrabarti and Dr.O.P.Massand attended the ICARID-98 conference held in
Mumbai during Feb.4-6, 1998. Dr.O.P.Massand attended the Project Review Committee Meeting
of Department of Science and Industrial Research for Development of Nuclear Density and
Moisture Gauge held at CRRJ, New Delhi on 27th Aug. 1998. Smt.J.M.Mahajan and
Smt.M.P.Dhairyawan attended the second International Conference of Women in Science held at
Navi Mumbai during Oct.8-11, 1998. Dr. A.S.Pradhan, O.P.Massand and Shri M.S.Kulkarni
attended the International Conference on Medical Physics (ICMP-98) held at AIIMS, New Delhi
during Nov.5-8, 1998.

Shri A.K.Bakshi of this Division has participated in IAEA Regional Basic Professional
Training course on Radiation Protection conducted by IAEA and B.A.R.C. held at B.A.R.C.
during Oct.26- dec. i 8, 1998.

7. PUBLICATIONS/AWARDS/PATENTS

1. Evaluation of Locally Manufactured Polyester Film - Garfilm-EM as a Dosimeter in
Radiation Processing. R.M.Bhat, U.R.Kini and B.L.Gupta , Proc. Int. Conf. on Applications
of Radioisotopes and Radiation in Industrial Development- ICARID 98, Mumbai (1998) 505.

2. Traceability of High Radiation Dose National Standards to International Standards,
G.R.Narayan, S.R.Nilekani , R.M.Bhat and B.L.Gupta, Proc. Int. Conf. on Applications of
Radioisotopes and Radiation in Industrial Development- ICARID 98, Mumbai (1998) 509.

3. Ferrous ion oxidation by H, OH and H2O2 in aerated FBX dosimetry system. B.L.Gupta and
S.R.Nilekani, Radiation Physics and Chemistry, 53_(1998) 643.

4. Development of chemical dosimeters at BARC. B.L. Gupta, ISRAPS Bulletin 9(3), (1998) 3.

5. Chemical dosimeters for pulse radiolysis. R.M. Bhat and B.L. Gupta, ISRAPS Bulletin 9(3)
(1998) 17.

6. Radiometry and actinometry. G.R. Narayan, S.R. Nilekani and B.L. Gupta, ISRAPS Bulletin
9(3), (1998) 19.

7. Effect of bonding between benzoic acid (BA), ferric ions and xylenol orange (XO) on
radiolytic reactions in FBX system. B.L.Gupta and S.R.Nilekani, Proc. TSRP-98, (1998) 251.

8. Dose intercomparison between BARC (India) and NPL (UK) using glutamine
(spectrophotometric readout) and dichromate dosimeters. B.L. Gupta, R.M. Bhat, G.R.
Narayan, S.R. Nilekani, P.H.G. Sharpe and D.L. Crossley, Radiat. Phys. Chem. (in press).
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9. Fluorescence of xylenol orange in aqueous acidic media. B.L. Gupta, Proc. ISRAPS National
Symposium on Radiation and Photochemistry, Sambalpur (1999).

10. A PC based Dual Channel Ion Chmber Dosemeter, M.S.Kulkarni, S.S.Tambe and S.Kannan,
Nineteenth AMPI Annual Conference on Medical Physics, New Delhi, Nov.6-9, 1999 _

11. Microcontroller based Solid State Clinical Dosimeters, S. S.Pente, K.C.Bajaj and S.Kannan,
Nineteenth AMPI Annual Conference on Medical Physics, New Delhi, Nov.6-9, 1999

12. Evaluation of a Locally Manufactured Polyster Film (Garfilm EM) as a dosimeter in
Radiation Processing, R.M.Bhat, U.R.Kini and B.L.Gupta, Proceedings of ICARID-98,
Mumbai, Feb. 4-6, 1998 pp 505-508.

13. IAEA/RCA External Dosimetry Intercomparison (1995-1997), O.P.Massand, U.R.Kini,
K.L.Popli and S.P.Gambhir. Report No.BARC/1998/E/033, 1998.

14. Theory of Radiation Detectors - Neutron Detectors. O.P.Massand, Lecture Notes, IAEA
Regional Basic Professional Training Course on Radiation Protection, Oct.26 - Dec. 18,
1998, BARC, Mumbai, pp 329-336.

15. Fast Neutron Personnel Monitoring in India - Present Status, M.P.Dhairywan, Second
International Conference of Women in Science, Oct.8-11, 1998, Navi Mumbai.

16. Female Radiation Workers - Control of Doses during Pregnancy, J.M.Mahajan, Second
International Conference of Women in Science, Oct.8-11, 1998, Navi Mumbai.

17. Personnel Monitoring in India, O.P.Massand. Proceedings of the Seminar on
Radiation Protection in Nuclear Medicine held at New Delhi in Feb. 1997, published
August 1998.

18. Radiation Protection Service for a Nucleonic Control system of Continuous Casting Plant
after events of Accident. S.Chakrabarti and O.P.Massand, ICARID-1998, Mumbai, Feb. 1998.

19. Radition Safety and Monitoring of Industrial Workers in Andhra Pradesh,
DR. Singh, A.Chandrashekara and K.S.Reddy, 9th Annual Conference of Indian
Nuclear Society, B.A.R.C., Mumbai, June 1998.

20. New values of Fluence to Ambient Dose Equivalent conversion factors and effective
energies of radio active neutron sources used in calibration. V.Sathian, U.V.Padnis and
P.S.Rao . Communicated for publication in journal of radition Protection and Environment.

21. Depth Dose Study of a High Activity Ir-192 source using Computer Controlled
3-dimensional Data Acquisition System, R.M. Nehru, A.S. Pradhan, A. Sankar and
D.D. Deshpande, Journal of Med. Phys., 22,4, (1997) p.p. 165-168.

22. Photon Energy Dependence of Thermoluminescence Dosimeters, A.S. Pradhan,
National Seminar on Luminescence Dosimetry Recent Developments, Techniques
& Applications, (IT01) Aug. 27-28, 1998, BARC, Mumbai.

431



23.Parameters of Large Scale Production of Personnel Monitoring TLD Cards
Based on CaSO4:Dy, AS. Pradhan and A.K. Bakshi, 12th International Conference
on Solid State Dosimetry, Abstract PER21, July 5-10, 1998, Burgos, Spain 4.
Luminescence Studies on Lamp Phosphors, J.S. Nagpal, S.V. Godbole, Geetha
Varadharajan and A.G. Page, Radiat. Prot. Dosim. (in Press).

24. Some Studies on Cobalt and Vanadium Self Powered Neutron Detectors developed
by ECIL. P.S.Rao, A.K.Mahant, Suresh Rao, S.M.Tripathi and S.C.Misra, Radiat.
Phys. Chem. Vol. 51, No4-6, pp 453-454, 1998.

25.New Values of Ambient Dose Equivalent Conversion Factors and Effective Energies
Neutron Sources used in Laboratory V.Sathian, U.V.Phadnis and P.S.Rao, J. Rad. Prot.
& Env. 20 (2), pp. 110-112, 1998.

26.Eigth National Intercomparison of Activity Measurements with Iodine-131, G.D.Khera,
Suresh Kumar B., Leena Joseph, R.Anuradha, R.Nathuram and S.C.Misra, Paper presented
at international Conference on Medical Physics & XlXth Conference of Association
of Medical Physicists of India, AIIMS, New Delhi, 6-9 Nov. 1998.

27. Thermolumonescence Dosimetry (TLD) and its application in Medical Physics (Invited Talk),
U.C.Mishra and A. S Pradhan, Presented in Nineteenth AMPI Annual Conference on Medical
Physics, New Delhi, Nov. 6-9, 1999.

28. TLD personnel monitoring in India- Requirement of accreditation of Laboratories (Invited
Talk), AS.Pradhan, S.C.Misra and U.C.Mishra, Presented in Nineteenth AMPI Annual
Conference on Medical Physics, New Delhi, Nov. 6-9, 1999.

29. Thermoluminescence Dosimetry (TLD) in Radiation Protection, AS.Pradhan, IAEA Regional
Basic Professional training course on radiation Prtotection, B.A.R.C., 1998, pp286-306.

30. Determination of activation energy of TL peaks of CaSO^Dy- S. Dorendrajit Singh,
R R Bihari and A S Pradhan, - Presented in the National Conference on Luminescence and
its Applications, 1998 (NCLA-98) held at Manipur University, Imphal, Dec. 15-17, 1998.

31. Effect of Phosphor Grain Size on the Peak Height Ratio of CaSO4:Dy - Batch to batch
Variation by AS. Pradhan, A.K. Bakshi, K. Srivastava and R.R. Bihari - Presented in
the National Conference on Luminescence and its Applications, 1998 (NCLA-98) held
at Manipur University, Imphal, Dec. 15-17, 1998.

32. Luminescence Studies on Lamp Phosphors, J.S. Nagpal, S.V. Godbole, G. Varadharajan
& A.G. Page - Radiation Protection Dosimetry, 80,4, 1998,417-422.

33. Study of ThC^Tb3* Phosphor for its Photo and Thermally Stimulated Luminescence
Characteristics - S.V. Godbole, A.G. Page and J.S. Nagpal - Invited Talk in National
Conference on Luminescence and its Applications, 1998 (NCLA-98) held at
Mardpur University, Imphal, Dec. 15-17, 1998.
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34. Intense X-ray Emission from a Passively Triggered Vaccum Spark - R.K. Rout,
S.K.H. Anluck, J.S. Nagpal and L.V.Kulkarni - Presented in 13th National Symposium
on Plasma Science and Technology, Saurashtra University, Rajkot, Oct. 27-30, 1998.

Degrees Awarded

Dr.A.Kannan was awarded Ph.D.degree for his thesis on " Investigations on dosimetry techniques
for photon beams used in Radiotherapy with a view to achieve improved accuracy" by Mumbai
University in 1998.
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RADIOCHEMISTRY DIVISION

Major Achievements

Radiochemistry Division is mainly engaged in R & D activitiy

in the areas of nuclear chemistry, development of non-destructive

assay techniques, actinide chemistry and actinide spectroscopy.

The highlights of work carried out in 1998 are given below. Major

part of this work has been published in the form of fifty paper

in international journals, a list of which given at the end.

1. Nuclear Chemistry

1.1 Nuclear Fission

Mass and charge distribution studies in the low and medium

energy fission continue to contribute to the understanding of

mechanism of nuclear fission. Formation cross sections of several

fission products in the 11B (55,60 and 72Mev) induced fission of

232 T n Were determined. Using derived charge distribution

parameters, extent of 7Li transfer induced fission (TF) could be

determined from the formation cross section data. It was observed

that TF decreased with increase in beam energy. Fractional

cumulative yields (FCY) for a large number of fission products in

the light mass region were determined in 2 2 9Th(n t n,f),
2 4 1Pu(n t hf) /

 245Cm(nth/f) and
 252Cf(sf). These data, along with

literature data were utilised to arrive at the following

correlations that shell closure proximity reflects in small 6z

and Sz oscillates with a period of 5 mass units indicating proton

paring effect. Fragment angular momenta were deduced from the

measured independent isomeric yields ratios in the low energy

fissioning systems which were useful in understanding single

particle effects.

1.2 Nuclear Reactions

In our earlier studies of measurement on excitation

functions and Recoil Range Distribution (RRDs) in the low and

heavy ion induced nuclear reactions of medium mass nuclei,

significant fraction of reaction cross section was attributed to

the incomplete fusion (ICF) reactions. For further understanding,
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measured RRD's in 12C+10BRh were analysed to arrive at the ICF

component and were found to be in good agreement with the PACE 2

code calculated values using the break up fusion theory of ICF

reactions. The angular momenta involved in these ICF reactions

were also deduced which are above the critical angular momenta

(LCR) for complete fusion. These studies are at present extended

to 28Si+93Nb,12C + 169Tm and 160 + 165Ho systems

1.3 Nuclear Spectroscopy

The half lives for the 50 and 162 keV states of 132I formed

in the decay of 132Te were determined by delayed r-r

coincidence technique. The transition probabilities deduced show

hindrance factors similar to that observed in the neighbouring

odd A iodine nuclei. EC decay rates of 7Be in different matrices

like Au, alumina and Zn were measured. Change in the decay rate

was perceptible, the rate in Au matrices being slower; which is

in agreement with LTMO calculations on the basis that electrons

(2S) have more affinity in gold compared to alumina.

1.4 Neutron activation analysis

Dolomites, dolerites and serpentine from the same mine

location in Cuddapah basin with varying amounts of serpentine

formulations were analysed using radioanalytical technique Ko NAA

from these studies it is concluded that mineralisation of

serpentines has contributions from both the host rock dolomites

(that is well known) and from the intrusive rock (not so well

known). Rare earth elements (REEs) from quartzites were

radiochemically determined. Radiochemically REEs were separated

from traces of uranium and other elements before subjecting to

NAA for the concentration determination. REEs in the deep sea

sediments from Indian ocean were determined by NAA and the

observed Ce anomaly is used to understand the nature of sediments

and sedimentation process.

2. Development of NDA techniques

2.1 Development of a Hull Monitor at KARP

A method based on the measurement of fission product gamma

435



rays from the leached hull has been developed for the estimation

of the fissile elements in the unleached hull. The concentration

of the fissile element is obtained by the ratio of the fission

product to the fissile element in the dissolver solution by

destructive analysis. The activity of a fission product such as
144Ce or 137Cs in hull is measured by positioning a HPGe detector

infront of the dissolver cell wall. The method was standardised

using a known amount of 1 2 4Sb in a simulated hull basket. A

leached hull was anlaysed using this method. The leached hull was

found to contain only 137Cs and it was found that approximately

2% of the total 137Cs remained sticking to the hull.

2.2 Development of Plutonium scanner for high Z matrix

A passive gamma ray scanner has been developed for the

estimation of Plutonium in both high and low Z matrices in

different concentration ranges. The scanner consists of a well

shielded and collimated 3' x3' Nal(Tl) detector coupled to a PC

based multichannel analyser. A 3 mm thick cadmium sheet is

interposed between the detector and the sample to reduce the

effect of pile up summation and distortion of the 210 KeV gamma

ray peak and 384 KeV complex due to strong 60 KeV gamma ray from

241Am. A rotating platform ( 10 rpm) supports the container

containing plutonium infront of the detector. The rotation

collimation technique is used to obtain flat response with

respect to plutonium distribution in the container.The system has

been designed to assay plutonium in the concentration range of

lOmg to 10 g. The system has been calibrated for 300mg to 2g

plutonium concentration range and for high Z matrix in the form

of powder.

3. Actinide Chemistry

3.2 Process chemistry

Various dialkyl amides with straight/ branched chain alkyl

groups were evaluated for U/Th separation from nitric acid

medium. It was observed that branching on the alpha position

adjacent to the carbonyl group improved the separation factor

(Dy/Drj.jj) significantly over the corresponding value for TBP.

Extraction behaviour of U(VI), Th(IV) and Pa(V) from nitric acid
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medium was investigated employing a typical branched chain

tertiary amide viz. di-2-ethylhexyl isobutyramide(D2EHIBA) in n-

dodecane. In connection with the actinide partitioning studies,

extraction behaviour of Am(III) from HNO3 medium using tetrabutyl

dodecyl malonamide was carried out. Work was also continued to

evaluate the use of commercially available reagent CYANEX 923 (a

mixture of trialkyl phosphine oxides) in this direction after

preferential extraction of uranium and nitric acid from synthetic

PHWR-HLW.

As an alternate extractant to TBP in nuclear fuel

reprocessing, di-n-hexyl octanamide (DHOA) was evaluated for its

extraction of Pu(IV), Am(III) and Zr(IV) under loading conditions

of uranium (-60 % U saturation) at 3M HNO3. Kg quatities of

dihexyl octanamide (DHOA) was synthesised for carrying out mixer-

settler studies. A four stage mixer-settler was installed and

tested for uranium extraction from 6-8 M HNO3 using 50% TBP-n-

dodecane as solvent.

3.3 Analytical studies using novel reagents

Extraction behaviour of 233Pa and 233u from HC1 medium was

investigated using di-isobutyl carbinol as extractant. Extraction

chromatographic materials were prepared by impregnating CYANEX

923 and DHDBTDMA on chromosorb W and were evaluated for their

separation behaviour of actinides. Carrier mediated transport of

Am(III) and nitric acid across a PTFE membrane using DMDBTDMA or

phenylbenzoyl isoxazolone and TOPO mixture were investigated. The

latter was also employed for the preferential separation of

Y(III) from a mixture of Y(lll) and Sr(II). Extraction

chromatographic studies on the separation of Y-90 / Sr-90

employing di-t-butylcyclohexano 18 crown 6 (DtBuCH18C6) coated on

XAD-7 were continued. An extraction chromatographic procedure was

developed for the removal of alpha activity from laboratory

washing wastes. Cyclic voltammetric studies were carried out to

determine nanomolar concentration of Sr2+ using polyaniline

impregnated with DtBuCH18C6 as the electrochemical sensor.

Laboratory studies were carried out to investigate the migration

behaviour of radionuclides (137Cs and 85'89Sr) in case of

eventualities of leaching of vitrified waste in deep geological

repositories. In this connection, studies related to the effect
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of pH, metal ion concentration and temperature on sorption of Cs

and Sr by bentonite (from Kutch) and pink granite (from

Rajasthan) using bore hole water from one of the candidate sites

were carried out. An electrooxidative method for the removal of

Pu from acidic reprocessing waste using Ce as catalyst was

developed. A procedure for the decontamination of alkaline

intermediate level liquid waste (ILLW) from Pu and Am using

hydrous iron oxide was standardised.

3.1 Basic studies

Complexes of U(VI) of the type UO2(NO3)2.2L (L=

DHHA/DHOA/DHDA) were isolated and characterised by their IR, PMR

and thermal behaviour. Synergistic solvent extraction behaviour

of U(VI) from H2SO4 medium by. alamine-3 36 and various oxodonors

was investigated. Extraction studies of Am(III) and Eu(III) from

various mineral acids were carried out employing phosphine oxides

viz. TOPO, CYANEX 925 and CMPO.

4. Actinide Spectroscopy

Electron Paramagnetic Resonance (EPR) studies were carried

out on 239Pu doped PVA film in which free radical -Pu chemical

bonding was observed. EPR studies were also conducted on gamma

irradiated alanine to develop high level radiation dosimetric

methods. These studies were used for calibrating humidity chamber

in PANBIT irradiator. EPR studies were also conducted to examine

the suitability of commonly used detergent for retrospective

dosimetry. The preliminary results are encouraging. Photo-EPR

studies were conducted on organic ferromagnets and evidence was

obtained that magnetic order in (NBu4)2Mn2[Cu(opba)]36DMSO.H2O

can be destroyed on illumination with copper vapour laser. EPR

studies on high temperature superconductor T12122 diluted in

A12O3 matrix were carried out to investigate the size effects on

magnetic properties. At high dilutions the signal exhibited

oscillatory behaviour characteristic of size induced phase

changes.

Thermally stimulated luminescence (TSL) and EPR correlation

studies were carried out on 237Np:BaCO3/ Gd3+NaYF4 and
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Eu3+:Th0F2. The parameters for e/h traps were determined. TSL

investigations on gamma irradiated and U.V. irradiated common

lamp phosphors were carried out for retrospective dosimetric

applications. U.V. induced TSL and fluorescence investigations

were carried out for CaSO4:Eu and ThO2:Tb phosphors for

applications in U.V. dosimetry. PAS, EPR and fluorescence studies

were conducted on Cr3+:A12O3 prepared by sol-gel route at

different stages of synthesis/heat treatment for optimizing the

conditions for synthesizing laser grade material.

Analytical methods based on atomic absorption/ emission

spectroscopic techniques were developed to characterize high

purity arsenic, nuclear grade Ca, Gd, Zr-Nb alloy and sulphide

samples from mid-Atlantic region. The solvent extraction methods

using Cyanex-923, Cyanex-272 and TEHP were developed for

quantitative separation of common metals and rare earths from

thorium and uranium solutions and subsequent determination by

ICP-AES. ETA-AAS investigations were conducted to understand

the atomization mechanism of Cs, Mn, Ni, Sr and Zn and matrix

effects (U/Th) thereon. The analysis of around 100 nuclear fuel

samples for the determination of 22 trace elements in each sample

was carried out by the section. In addition 60 miscellaneous

samples comprising of As, Stainless Steel, Water etc. were also

analyzed.

JOURNALS:

PUBLICATIONS

1. Study of incomplete fusion in 12C + 89Y by excitation

functions and recoil range distribution measurements. B.

Bindukumar, s. Mukherjee, s. Chakrabarty, B.S. Tomar, A.

Goswami and S.B. Manohar, Phys. Rev. C57, 743(1998).

2. Separation of carrier free arsenic from germanium, R.Guin,

S.K. Das and S.K. Saha J. Radioanal. Nucl. Chem. 227,

181(1998).

3. The anion exchange behaviour of Te and Sb, R. Guin, S.K. Das

and S.K. Saha J. Radioanal. Nucl. Chem 230, 269(1998).
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RADIOLOGICAL PHYSICS AND ADVISORY DIVISION

Major Achievements

General:

The Division pursued the activities relating to radiological safety in medical, industrial and
research institutions and related research and development and also education and training in the various
applications of radiation. The Division extended technical advisory service to all users of radiation
sources in India.

Medical Physics <fc Safety:

The following activities were carried out:

(1) Measurement traceabilhy in brachytherapy: The dosimetric characteristics of reference
standards used in the measurements and their calibration procedures were studied.

(2) Investigations on dosimetry of low energy electron beams using parallel plane ionization
chambers were carried out using LIF chips and CaS04 . Dy TLD discs in collaboration
wrth DR. Agashe's Nursing Home and M/s Gnyosis Consultants (India) Pvt. Ltd.

(3) Safety Analysis and type approval tests of five medical accelerators, a simulator, two
cobalt 60 units and two remote afterloading units were carried out.

(4) A comprehensive quality assurance protocol was developed to test varous parameters
which affect image quality in mammography. Implementation of these tests enhances the
usefulness of the radiographs and reduces unnecessary patient exposure.

(5) Studies were conducted for determining the suitability of radiochromic film for
radiotherapy dosimetry.

(6) A dosimetric protocol was established for the retirement of melanoma using eye plaque
incorporating X2i I seeds.

(7) Dosimetric and safety studies on stents incorporating M P / m Ir / U l Re were carried out
for evaluating their suitability for the treatment of resenosis following angioplasty.

(8) A study was undertaken to determine the radiation dose received by family members of
patients administered with m I for ablation of the thyroid gland.

(9) Teletherapy source loading operations were supervised. Over 110 plans of various types
of medical installations were studied for approval. Advice on planning for issued to 172
medical institutions. About 575 authorizations were issued for handling medical
radioisotopes. The number of new medical installations which were commissioned was
26.
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Industrial rwSoloeical safety:

The following activities were carried out:

(1) A computer program was developed to evaluate the collective dose resulting from the use
of nucleonic gauges.

(2) Work was continued on theoretical estimation of organ doses resulting from certain
activities in medical and industrial applications of radiation. A mathematical phantom
was developed, representing an average man.

(3) Samples of artificial diamond, zircon sand and zircosil, customs-confiscated luminous
powder and thoria catalyst were studied for detection and measurement of radioactive
contents.

(4) Safety analysis and type approval tests were carried out on colour and black & white TV
monitors, X-ray baggage inspection systems (ECIL make and Linescan make) and metal
halide lamps incorporating Kr and thorium frills.

(5) Passive monitoring in gas mantle industries for thoron and its daughter products using
SSNTD was carried out.

(6) Safety analysis and type approval tests were carried out in respect of two industrial
radiography X ray machines, nineteen models of nucleonic gauges and three consumer
products incorporating radioisotopes.

(7) Over 1700 No Objection Certificates were issued for the procurement and use of
radioactive materials for industrial radiography, nucleonic gauging purposes, consumer
products and unsealed sources used in industry.

(8) The total number of direct radiation surveillance inspections conducted was 130.

(9) Over 500 movements of industrial radiography sources were authorized and about S00
certificates for industrial radiographers and sit-in-charges were issued, 800 revalidated
and 600 industrial gamma radiography exposure devices were examined for safe
operation as a QA measure.

(10) Six instances of radiation emergencies involving industrial radiography and nucleonic
gauging sources were handled.

(11) One appraisal programme was conducted for the manufacturers and suppliers of
nucleonic gauges in India.

(12) Advisory service on safe transport of radioactive material included issuance of 130
transport certificates, 50 instances of advice on safe disposal and 800 clearances to
DGCA
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Radiation dosimetrv and theoretical studies:

(1) Electron-Gamma-Shower code system (EGS4) was used for calculations of total
bremmstrahlung yield, its differential with respect to energy and angle and the spectral
distributions emerging from the tungsten target of various thicknesses for a number of
electron energies. The data thus generated serve as input for calculating the leakage
radiation from the beam limiting devices of a 4 MeV medical linear accelerator.

(2) A comparative study of the thermalization distance distributions of low-energy electrons
in water in gas phase and solid phase was carried out by Monte Carlo simulation
considering various processes of energy loss at the molecular level. Electron energy
degradation behaviour in the liquid phases serves as a guide to the behaviour in the liquid
phase which is more relevant from microdosimetric point of view but difficult to study
due to lack of relevant cross-section data.

(3) Research activities in the area of cytogenesis were carried out with the objective of
validating the chromosomal aberration analysis. Post-irradiation treatment with caffeine
reduced the genotoxic effects, namely, cell lethality, gene conversion, aberrant colony
formation and back mutation. However, caffeine enhanced the frequency of mitotic
crossing over.

(4) Modification of radiation-induced cytogenic damage by hypothermia was studied.

(5) The number of training courses conducted for radiation protection professionals was
eleven. Over 300 persons were trained. One person from Myanmar underwent training in
the various aspects of radiological safety.

(6) Members of the Division served in the faculty of many training programmes including
the IAEA Group Training Programme on Radiation Protection and Safety in Medicine,
the IAEA Regional Basic Professional Course on Radiation Protection and the AERB
Appreciation programme for factory inspectors.

Publications and foreign assignments:

Fifteen papers were published or presented in conferences and two Ph.D. theses by members of
the Division.

Members of the Division participated in the following foreign assignments:

1) Workshop on Current Methodologies for HDR & LDR in Brachytherapy, USA

2) IAEA Expert Assignment on Radiation Protection & QA in Diagnostic Radiology and
Radiotherapy, South Korea.

3) IAEA Research Co-ordination Meeting on Quantification of Risk Associated with
Transport of Radioactive Material, Austria

4) IAEA Expert Workshop on Assistance in the case of Nuclear Accident or Radiological
Emergencies, China
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5) International Conference on the Safety of Radiation Sources and the Security of
Radioactive Materials, France.

6) IAEA RCA Meeting on Cytogenic dosimetry, Hungary.

7) IAEA/ RCA Training Workshop on Design, Calibration and Quality Control on
Nucleonic Gauges, Vietnam.



RADIOMETALLURGY DIVISION

Major Achievements

1. FBTR MARK II FUEL SUPPLY TO IGCAR:

Fuel sub-assembly of Mark I composition (30%UC-70%PuC) has successfully accumulated over

47000 MWDfl* bum up and the performance of mixed carbide fuel has been found to be

extremely satisfactory. Mixed carbide fuel pins of Mark II Core composition (45%UC-55% PuC)

was fabricated for making 5 FBTR fuel sub-assemblies and have been despatched to IGCAR.

The mixed carbide pellets were fabricated by powder-pellet route starting from UO2, PuOj. and

nuclear grade graphite powders. The powders were mixed in required proportion and ball milled

for making homogeneous lot These powders were consolidated into small tablets which were

then subjected to vacuum carbothermic reduction at 1465°C for the preparation of mixed carbide

clinkers. The clinkers were crushed into powders, ball milled with binder and admixed lubricants

and cold compacted into pellets corresponding to a green density of ~ 65% T.D. The green

pellets were sintered at 1650°C. The sintered pellets were subjected to various chemical and

physical inspections. The accepted pellets were used for fabrication of FBTR fuel pins by

improvised TIG welding technique. During this campaign 35 batches were processed for making

310 fuel pins.

Thermal diffusivity and hot hardness data of this fuel were also generated to calculate the

thermal conductivity and evaluate the creep data of the fuel. Thermal diffusivity was measured

from 600°C to 1500°C in vacuum by laser flash method and hot hardness was measured from

ambient to 1200°C using Vtcker's diamond pyramid indentor. Thermal diffusivity of mixed

(UOBPUO^C was also measured in the same temperature range to study the effect of *Pu*

content

2. LOW TEMPERATURE OXtDATWE SINTERING OF UO» IN CONTINUOUS SINTERING

FURNACE:

Indigenously designed controlled atmosphere three zone continuous sintering furnace was used

for fabrication of high density UO2 pellets from sol-gel derived microspheres. A successful

demonstration has been made for low temperature sintering of UO2 green pellets to 96% density

at a temperature of less than 1300°C. A large scale trial campaign of 500 Kg. UO2 pellet

fabrication by tow temperature oxidative sintering is under progress.
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3. EXPORT OF ThO, BUTTONS :

A second consignment of 500 high density sintered Thoria buttons have been exported to GE,

USA during the year 1998. BARC has earned valuable foreign exchange through this export.

4. FABRICATION OF ThOj PELLETS FOR PHWRS:

A second batch of 500 Kg. of centreless ground high density sintered ThO2 pellets have been

fabricated and delivered to NFC for making ThO2 fuel bundles for use in KAIGA-2 during its initial

startup.

5. THORIA BASED FUEL DEVELOPMENT:

As part of the fuel development programme of Thoria based fuels for AHWR and PHWRs, a large

number of ThO2-2%UO2 pellets have been fabricated by powder-pellet route and delivered to

various constituent divisions of "Thoria Task Force" for measurement of thermodynamic and

transport properties.

Basic microstructurai studies of sintered fuel samples have been carried out as the properties of

sintered Thoria and Thoria-Urania pellets are very sensitive to microstructurai features. The

samples prepared for the Task Force work were subjected to microstructurai characterisation like

pore size, pore shape, porosity distribution and fuel grain size. High temperature grain growth

studies are also being carried out on sintered pellets.

For evaluation of the ThOrbased fuels with UO2 content varying from 2 - 20% samples have

been sliced to around 3 mm thick for measurement of thermal diffusivity. Thermal diffusivity was

measured from 500°C to 1700°C by laser flash method. Thermal diffusivity was found to decrease

with increase in UO2 content and decreased with increase in temperature. Thermal conductivity

data are calculated using density and specific heat from literature.

Sintering studies in ThO2 and ThO2 - 4% CeCb (Ce added as Pu - simulator) doped with MgO,

Nt>20$ eta were carried out both in oxidative and reductive atmospheres. Although Nb^s acted

as an effective sintering aid for ThO2, it was ineffective in case of ThO2- CeO2 pellets.

6. THERMAL CONDUCTIVITY OF MIXED (U,Pu)O2 FUELS:

As part of PFBR fuel development programme, sintered pellets samples of mixed (U,Pu)O2 fuel

with PUO2 content varying from 21 to 40% were fabricated in the size and shape suitable for

measurement of thermal diffusivity. Thermal diffusivity was measured from 600°C to 1650°C by

laser flash method. Thermal conductivity was calculated from the thermal diffusivity data, density
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and specific heat of the mixed oxide from published data. Thermal conductivity data were found

to decrease with increase in PuO2 content and decreases with increase in temperature. More

measurements have been planned with additional samples to generate a large data base.

7. IN-CORE SCRAPE SAMPLE ANALYSIS OF PRESSURE TUBES FROM MAPS-1:

In-core scrape sampling was carried out on the pressure tubes 0-10 and A-09 of MAPS-1 from

four locations on each tube. Incorporation of shielding casks for the collection of the samples

necessitated modification of the scrape sample collecting method. The radiation field on contact

of the samples varied from 2 to 30 R/hr.The carrier of the cask was modified to fit into the

platform for proper placement The samples were inspected for their suitability for analysts ofH*,

by Differential Scanning Calorimeter (OSC).

Eight out of ten samples collected from four different locations of the two pressure tubes, by

in-situ scrapping, were found to be good metallic samples suitable for H*, analysis by OSC. The

samples containing oxide were trimmed and adequate samples were retrieved for analysis using

the procedure developed and standardised in-house.

8. HIGH TEMPERATURE TRANSVERSE TENSILE PROPERTY OF IRRADIATED PRESSURE

TUBES:

Pressure tubes of RAPS and MAPS reactors were evaluated for ascertaining the extent of

degradation in mechanical properties. The transverse tensile properties was determined by ring

tensile tests at various selected temperatures ranging from room temperature to 290°C. The

pressure tube (RAPS-2) had experienced a maximum of 8.25 EFPY (Effective Full Power Years

of operation) with 84 ppm of equivalent hydrogen content. Pressure tubes from MAPS-1 had

seen 6.25 EFPY with a maximum of 40 ppm of equivalent hydrogen content. The study

indicated that the material retained adequate ductility even after 8.25 EFPY.

9. FRACTURE TOUGHNESS AND CRITICAL CRACK LENGTH OF IRRADIATED PRESSURE

TUBES:

The fracture toughness data of irradiated pressure tubes were generated at various temperatures

by employing semi-empirical equation using the data generated by ring tensile tests. These

were then utilised to obtain critical crack length (CCL) values through standard relations. Using

the above acquired data, the operating envelopes for PHWRs were also prepared. The lower

bound CCL estimated was of the order of 60 mm at the reactor operating temperature and

pressure which is adequate enough for safe operation of the pressure tubes upto 8.5 EFPY.
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10. IRRADIATION GROWTH STUDIES ON SEAM WELDED AND SEAMLESS ZIRCALOY-2

CALANDRIA TUBE MATERIAL FOR 500 MWe REACTORS:

The use of seamless calandria tubes instead of seam welded calandria tubes in PHWRs has

advantages of improved mechanical strength. However, for seamless tubes to be used in the

reactor, their growth behaviour should be equivalent to that of seam welded tubes. To assess

irradiation behaviour, specimens made from both varieties of tubes were irradiated in

DHRUVA reactor for about 8 calendar years to achieve a neutron fluence of 2 x iO^n/cm 2

(E > 1 MeV). The lengths of specimens will be measured in the hot cells, and sent back to

DHRUVA reactor for re-irradiation. This exercise wiH be repeated at fluence levels of 3 x 1020

and 4 x 1020 n/cm2 (E > 1 Mev) to ascertain differences in their irradiation growth behaviour.

11. EVALUATION OF IRRADIATED GARTER SPRINGS:

Garter springs which had undergone Effective Full Power Years (EFPYs) of operation ranging

from 1.8 to 8.5 were subjected to detailed PIE studies. Till date twenty one such GSs from

RAPS. MAPS & NAPS were tested by stress relaxation test, stretch test, tension test and crush

test The study indicated that the GSs even after 8.5 EFPY showed good strength and ductility

much greater than what is required to retain their integrity in the reactor. The crush load was of

the order of 700 N/coil, which was more than one order of magnitude of the design level. The

hydrogen pick-up in the garter spring were very low. The garter springs had undergone

significant stress relaxation during service in reactor.

12. TAPS PRESSURE VESSEL SURVEILLANCE:

Addrtional surveillance impact specimens representative of base and weld locations were

evaluated to reassure the integrity of TAPS pressure vessel till end of life. The surveillance

samples were removed from the reactor after 13 EFPY and were used for generating the third

credible surveillance data set

The current evaluation of surveillance data along with two sets of surveillance data generated

earlier, as per the USNRC Regulatory Guide 1.99 (Revision 2) analysis has once again

confirmed the safety of the pressure vessel operation till EOL.

13. IAEA COORDINATED RESEARCH PROGRAMME ON REACTOR PRESSURE VESSEL

STEELS

State fracture toughness testing was carried out in accordance with Draft 13 of the ASTM "Test

method for the Determination of Reference Temperature, To, for Ferrrtic Steels in the Transition

Range". The test method was evaluated for using pre-cracked Charpy V-notch specimens.
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Pre-cracked Charpy V-notch specimens fabricated from Advanced Pressure Vessel Steels

(similar to TAPS pressure vessel) were subjected to fracture toughness testing at suitable

cryogenic temperatures in the range -70°C to -100°C, to obtain the reference temperature,

To. The intercomparison of To values from the participating laboratories helped in calibration of

the fracture toughness testing facility. Parametric study of the specimen variables and

procedure variables carried out by the laboratories provided the inputs for the draft report, which

is presently under preparation for subsequent review by the CRP participants.

14. DETERMINATION OF MICRO-MECHANICAL PARAMETERS OF PHT PIPING MATERIAL OF

PHWR:

The micro-mechanical parameters of the PHT piping material are carried out to determine three

parameters of this material namely, initial void volume fraction (fo), critical micro-void volume

fraction (fc) and micro-void volume fraction at fracture fr).

Initial void volume fraction (f0), was determined by measuring inclusion volume by quantitative

image analysis of photomicrographs taken on the as-polished surface. Micro-void

development in the material was studied by SEM on some portion of the specimens sectioned

from that subjected to uniaxial tension test. Six samples underwent interrupted test while three

were tested till fracture. The critical micro-void volume fraction (fe) and the micro-void volume

fraction at fracture (If) were estimated from the fracture surface of the tensile tested samples.

Data generated will be used for developing finite element model of ductile fracture in PHT piping

materials.

15. FRACTURE TOUGHNESS STUDIES ON SA333 STEEL:

Fracture toughness testing of SA333 steel material was carried out Ambient temperature

J-R curve of the material was obtained using four different types of specimens (side

grooved and non-side grooved compact tension specimen and three point bend

specimen of two different thickness) and two different orientations. Multi-specimen test

method in accordance with ASTM standard E813 procedure was used. The similarity of

J-R curves obtained from these four types of varying thickness specimens indicated that

the J-R curve could be representative of the actual component The results also

indicated the material property to be grossly isotropic and has significantly high toughness

to prevent the use of ASTM suggested blunting line equation for estimation of J c The

room temperature maximum load fracture toughness exhibited value exceeding 1000

kJ/m2.
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16. STANDARDISATION OF FATIGUE PRE-CRACKING PROCEDURES:

An interactive computer programme which accepts material properties and specimen

dimensions as programme input has been developed for fatigue pre-cracking of samples. For

developing the computer programme, data from a large number of tests on three point bend

(TPB) and compact tension (CT) specimens of Zircaloy-2, Zr-2.5%Nb and different steels have

been used

The programme helps in determining an optimum crack initiation load and a practical load step-

down sequence for fatigue pre-cracking as per the relevant ASTM standard for CT and TPB

specimens of any material.

17. WIGNER ENERGY RELEASE STUDIES ON CIRUS GRAPHITE REFLECTOR:

The Wigner energy release behaviour of the irradiated graphite reflector material of CIRUS was

evaluated by Differential Scanning Calorimetry technique (DSC). DSC scans were taken under

various linear heating programmes as well as step-heating programmes on samples from

different locations on the graphite plug removed from the east thermal column of CIRUS. The

investigation revealed that the Wigner energy release behaviour of graphite reflector is well

within safe acceptable limit

The activation energy for release of the Wigner energy stored in the graphite reflector was

estimated by Kissinger technique. The results indicated that the annealing process is bimodal

with one peak in the vicinity of 220°C and the other in the vicinity of 650°C with widely different

activation energies.

18. INVESTIGATION ON SS 347 CROSS-HEADER OF CIRUS:

During replacement of a Nordstrom valve in the cross headers of CIRUS reactor a crack was

noticed adjacent to the weld of the boss-head connecting the E25 raiser pipe. Insitu studies were

carried out to establish the nature of the failure and its implications so as to ensure safe

continued operation.

Visual examination revealed that there was a crack adjacent to the welded joint (E25) running

circumferencially on the cross header and The crack showed a major branch running parallel to

the weld region and in the axial direction. The microstructural observations during in-situ

metallography revealed that the area surrounding the crack were sensitized.

The E cross header was removed from the reactor to carry out detailed investigations on the

causes of failure. Insitu metallography was carried out on four locations near the welds and at

454



the cracked region of the pipe. Ail the thirteen welds and their heat affected zones were scanned

from three different angles, to detect defects, using ULTIMA Ultrasonic Imaging System

developed by Electronics Division, BARC.

Ultrasonic inspection of all the weld joints including the HAZ on the E cross header revealed that

other than the cracked E25 joint and a small UT signal < 10.1, at E 27 all other welds were found

to be free of defects. The failure at weld joint of E 25 was not generic in nature. The cross

header can be safely used after repair.

19. DEVELOPMENT OF A REAL TIME RADIOGRAPHY FACILITY:

An X-ray Real Time Radiography (RTR) System based on fluoroscopic screen-camera-TV has

been developed for the Nondestructive Evaluation of Aluminium-Uranium alloy nuclear fuel

plates and Al-alloy castings. A Charge Coupled Device (CCD) camera with a lens assembly and

a TV monitor has been used for the imaging. A minifocus x-ray unit with a 400 microns focal

spot size was used as the x-ray source and a locally available fluoroscopic screen (Zinc-

Cadmium Sulphide-Silver activated) was used for the imaging. A video cassette recorder has

been interfaced for storing and retrieval of the images. The RTR system was successfully used

for the NDE of Al-U alloy nuclear fuel plates and quality assurance (Q.A.) of FBTR fuel pins.

The utility of the system in the continuous motion radiography mode for the NDE of long fuel pins

and alloy fuel plates is being explored.

20. RADIOGRAPHIC EVALUATION OF PFBR REHEATER TUBE TO TUBE SHEET WELDS:

The feasibility of using a minifocus x-ray unit with 400 microns focal spot size has been explored

for the radiography of tube to tube-sheet welding of PFBR steam generator reheater. A

qualification test block with an array of 5 x 4 such welds fabricated by M/s. Larsen & Toubro

Limited, Mumbai was brought from IGCAR for the weld evaluation. This exploratory work

established the radiographic procedure, demonstrated the sensitivity and charted out a shooting

schedule to facilitate maximum radiographic coverage of the wleds. Suggestions were made for

the appropriate fabrication and inspection sequences. Limitations of using this technique as an

alternative to rod-anode microfocus radiography were also provided to the user.

21. IX PLAN PROJECTS:

A. FACILITY FOR RECOVERY OF PLUTONIUM FROM GLOVE BOX WASTE:

A facility for recovery of plutonium from the accumulated process waste is being set up under IX

Plan Project It is proposed to treat the alpha contaminated waste to recover major portion of

plutonium and monitoring, incineration of cellulosic waste, washing and/or acid digestion of plastic
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waste, decontamination and size reduction of non-combustible waste, stabilizing, packaging, and

disposal. In this connection glove box components, experimental washing system, cutting tools

etc. have been procured. Development studies on various processes like incineration, washing,

size reduction, etc. are in progress. Setting up of an interim storage facility for solid alpha waste

has also been planned. Commissioning of this facility will also solve the problem of long term

storage and disposal of alpha active waste.

B. CONSTRUCTION OF NEW HOT CELLS FACILITY:

A new state-of-the-art shielded hot cell facility is being constructed during the IX Plan period to

cater to the future PIE needs of nuclear fuels and reactor components.

The facility will consist of two large hot cells for examination of large radioactive components

from nuclear reactors and examination of irradiated MOX fuels. The facility will enable full

metallurgical investigation on all types of radioactive materials.

The geotechnical investigation of the site, architectural layout of the facility, design of ventilation

system, shielding and embedded parts have been completed. The site preparations like

relocation of underground services, workshop facility, stores are in progress. Civil works are

expected to commence by June 1999.

C. AUGMENTATION OF POST IRRADIATION EXAMINATION FACILITIES:

The existing facility is being augmented to cater to the growing needs of post irradiation

examination programme during the current IXth Plan period. Under this project, master slave

manipulators, various equipments for material handling, mechanical testing, non-destructive

testing, metallography and micro-metallurgical examination are being procured.

22. NATIONAL DISCUSSION MEETING ON HYDROGEN RELATED PROBLEMS IN ZIRCONIUM

ALLOYS:

A national discussion meeting on Hydrogen Related Problems in Zircounium Alloys was

organised in March, 1998. In the two day deliberation more than 180 delegates from different

DAE units and leading educational institutions, national laboratories, participated. Burning issues

on the topic were discussed in detail from various perspectives.
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RARE EARTHS DEVELOPMENT SECTION

Major Achievements

1. Phosphor Development
1.1 Yttrium vandate (europium activated) Phosphor. The phosphor was field tested by

Quartz & Halogen, Nashik. Test results confirmed that it meets international
specifications. About 5000 gm. of the phosphor was successfully produced and sold to
the lamp manufacturers at a competitive price. It has been planned to transfer the
phosphor technology to private manufacturers. 225g. batch production of the phosphor
was successfully demonstrated to the technology transfer committee of TTCD. Action
has also been taken for filing a patent application for the product and subsequently,
the matter has been taken up with the Government Patent Attorney. Preliminary R&D
tests show that further cost reduction of the phosphor is possible using rare earth raw
materials of lower order of purity. Laboratory scale tests for synthesis of rare earth tri-
chromatic lamp phosphors-Y2O3:Eu (red), CeTbMgAliiOi9 (green) - have also been
encouraging.

1.2 Phosphorfor LUCO-LED application: Synthesis of LUCO-LED phosphor Y3AI5O12
:Ce/Eu/Pr/Dy has been carried out and spectral characteristics evaluated. This

phosphor, capable of withstanding high energy electron and ion beam bombardment
without degradation, can be used in accelerator projects, where detection of beam and
geometry is a challenging task. Based on discussions at Variable Energy Cyclotron
Centre (Calcutta) and Accelerator project at Indore, R&D work has been taken up.

1.3 Phosphors for X-ray application: R&D work has been started on phosphors for this
application. These include Gd2O2S:Tb3+, La2O2S:Tb3+, LaOBr:Tb3+, Gd2Ga5Oi2:Tb3+

2. Rare Earths from Xenotime (iREX>)
The leach liquor generated during processing of xenotime with sulphuric acid

contained U, Th and rare earths besides yttrium. It also contains H3PO4 and unreacted
H2SO4. For the separation of Th and U, three alternate processes have been evaluated,
(a) A two stage counter current precipitation of thorium from leach solution was
studied using ammonia to maintain the pH of the solution at 1.5 in first stage and 1.9
in second stage. Over 23 cycles of operations showed that the results were steady and
thorium separation was >99% with negligible loss of Y. This process also helps in
upgrading Y by precipitating part of lighter rare earths along with Th.
(b)Pyrophosphate precipitation of Th was carried out in single step at pH 1.5. Various
parameters like amount of sodium pyrophosphate and ammonia were optimised. Th
separation was >99%. (c) Solvent extraction (PC 88A) was optimised for extraction
of U and Th and mathematical models were developed for this purpose. This
technique was found feasible but requires HF for stripping metals.

The rare earth oxide, free from U and Th, was dissolved in HC1 to get feed for
Y purification process. A solvent extraction process comprising of 4 stages of
extraction, 4 stages of scrubbing and 4 stages of stripping was carried out using PC
88A as extractant. The purity of Y was >97% w. r. t. Dy and 96% recovery. Y
product contained heavy rare earths which can be separated using Aliquat 336.
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3. Solvent Extraction Upgradation of Neodymium (iSUNf)

At the request of IRE, investigations for separation of >99% pure neodymium for
magnet application have been carried out. Using laboratory data in conjunction with
computer models, incorporating Artificial Neural Networks (ANN), a process has
been developed . Parameters optimised include acidity of scrub, neodymium
concentration in the scrub solution, extract loading, type of diluent, number of real
stages - taking cognisance of mixer and settler efficiencies, and phase ratio . Total
reflux conditions for 99.5% Nd2O3 were also finalised. Pure Nd prepared by the
BARC process, in tonnage quantities, has been tested by Japanese users and found to
be of international quality.

4. Phosphoric acid Upgradation by Rare Elements Separation ('PURE1)
Investigations are being carried out for rare materials recovery from phosphoric

acid. Di (nonyl phenyl) phosphoric acid (NPPA) was synthesised and mono and
diester were separated. Two solvent extraction systems, (a)mixture of diester of NPPA
and di butyl butyl phosphonate (DBBP) and (b) mixture of mono and diester of
NPPA, are being studied for separation from 5-8 M H3PO4.

5. Carboxylic Acid as an Extractsnt:
Comparison of extraction behaviour of U(VI), Th(IV) and rare earths (Y, Nd, Pr)

with neoheptanoic acid in xylene has been carried out. U and Nd gets extracted as
monomeric complexes. The pHi/2 difference for U(VI) and Nd(IH) was found to be
more than 2 units, indicating a clear cut separation when these elements will present
simultaneously in the solution.

6. Artificial Neural Network (ANN):
Simulation of solvent extraction was carried out for rare earths, base metals and

zirconium. Results were found to be superior to conventional models.

7. Zirconium Extraction and Uranium Separation ('ZEUS'):
Nuclear Fuel Complex is planning to set up New Zirconium Sponge Plant (NZSP) at
Palayakayal, Tamil Nadu The NZSP plant will be based on the amine solvent
extraction process developed at BARC. The process overcomes the problems of high
solvent degradation in the extraction cascade as observed in present practice at NFC,
Hyderabad. As per an expert committee, R&D for finalisation of process parameters
has been taken up at REDS, using computer models in conjunction with experimental
work.

8. Supported Liquid Membranes:
The extractability of uranium, was studied from: (a) 'Barren solution' from UCIL,

containing *0.06 gm U/l with »13 gm/1 of SO"2
4 ions. It has been found out that using

Alamine 336 as an extractant the transport flux is of the order of 10'7 moles/m2/s,
which is reasonably good, (b) Phosphoric acid : Using polyvinyledehe difluoride
membranes (pore size 0.22 nm), loaded with D2EHPA-TOPO, the flux is of the order
of 10*7 moles/m2/s. The transport of copper and neodymium ions over membrane
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loaded with D2EHPA was, studied as a function of the pH of the feed solution and acid
concentration of the strip solution

9. Services/Expertise Offered:
(a) On chargable basis to Hindustan Zinc Limited: Process Optimisation for cobalt

recovery as per the BARC-HZL MOU.: Rs 7.5 lakhs received.
(b) Services for mixer settler design provided to M/S Singhal Commodities.
(c) Laser size analysis of samples for UED, CTD, RRL-Bhubaneswar, AMD-Hyderabad,

Baroda University and private parties.
(d) Quantum Efficiency Measurements for Nagpur University and Baroda University.
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1. "Synthesis and Characterisation of Uranium Complex with Amine Phenol Ligand"; D.K.Singh,

H.Singh, M.R.A.Pillai, P.K. Tripathi and V.RJoshi; National Symp. And Workshop on
Thermal Analysis; Dept. of Chemistry; Jammu, March 2-5,1998

2. "Solvent Extraction Studies of Neodymium with Naphthenic Acid from Chloride Medium", D.
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REACTOR CONTROL DIVISION

Major Achievements

Development of Inspection Tools and Techniques for PHWRs

BARC Channel Inspection System BARCIS Mark-Ill

In-Service Inspection (1SI) of coolant channels of PHWRs is essential to provide assurance of continued
structural integrity of pressure tubes over reactor life- time. A channel inspection system known as BARC
Channel Inspection System (BARCIS Mark-Ill version) for ISI of NAPS coolant channels has been developed.
The system is designed with the objectives of minimising radiation exposure to inspection personnel and
completion of inspection with minimum reactor down time. The overall system consists of an inspection head, a
special sealing plug, a drive mechanism, a computerised control system, a CCTV system and inspection
equipments. The existing fuelling machine (FM) has been used to load/unload the assembly of special sealing
plug and inspection head into the coolant channel. This has resulted in substantial reduction in cost and
complexity of the system. The successful completion of indigenous channel inspection system marks the
development of critical technology and has resulted in substantial savings in foreign exchange. A prototype
version of the system was developed in 1992. The prototype system was used for ISI of about 200 coolant
channels of RAPS-2, MAPS-1 & MAPS-2. Based on the successful operation of the prototype system, NPC
had requested BARC to supply two improved Mark-I systems for MAPS and one Mark-Ill system for NAPS at
a total cost of Rs 5.50 crores. The first Mark-I improved system was supplied to MAPS in July, 97 (Ref. BARC
News Letter No. 159, April 1997). The system has been used for ISI of 78 coolant channels of MAPS-I during
Jan-March'98. Mark-HI system for NAPS has now been developed. The inspection head has been improved to
incorporate centering modules, load decoupler module, double universal joint and modular construction. These
features help in improving the accuracy of inspection parameters. The drive mechanism and control system are
designed to be industrially rugged for minimising maintenance requirements. A compact four axis drive
mechanism suitable for mounting on FM bridge has been developed. The four drives are X-drive, Y-drive(fine),
linear drive and rotary drive. Y-coarse drive of FM bridge shall be used for coarse alignment of drive tubes in
vertical direction. A windows based operator friendly control system has been developed and implemented. A
quad CCTV system is used for remotised alignment, remotised calibration checking of linear and rotary
displacements of inspection head and surveillance in FM vault during ISI. A dedicated computer compatible
eddy current instrument for gap measurement has been developed and incorporated. The sealing plug design has
been improved to accommodate higher size drive tube carrying additional signal cables. A facility for on-line
calibration checking of ultrasonic transducers has been developed and incorporated. Rotary mechanical stops to
eliminate chances of damaging the transducers cables are implemented. The system has been extensively tested
at full-scale mock-up test facility at Reactor Control Division.

Development of Computer based Advanced Control and Information
Systems for Forthcoming 220 Mwe PHWRs

The work on development of advanced microprocessor based control and information systems for nuclear power
plants was continued and several systems for Kaiga 1&2 and RAPP 3&4 were completed.

Dual Processor Hot Standby-Process Control System

It is a multi-computer fault tolerant system, which regulates PHT pressure, steam generator pressure, bleed
condenser level & pressure and fuelling machine D2O supply pressure in Kaiga-1&2 and RAPP-3&4.The
design and development of this system has been completed. The software has been tested on a prototype system.
The system hardware and software have been commissioned in Kaiga-2 station. The system is ready for use
during hot conditioning.

Dual Processor Hot Standby-Reactor Regulating System

The design and development of multi-computer fault tolerant system for Reactor power regulation for use in
Kaiga-1&2 and RAPP-3&4 has been completed. The system hardware is under installation in Kaiga-2 station.
The system is likely to be commissioned in Kaiga-2 station in March 1999.
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Electrical SCADA System for RAPP-3J

An Electrical SCADA System has been developed to monitor and control electrical equipment for RAPP-3&4.
The system SCADA computer configuration comprises five intelligent Remote Telemetry Units (RTUs)
connected on RTU - Server network to two Servers which are in turn connected on Seryer - Display network to
three Display stations. One Server acts as Master and the other as a hot standby. The RTUs are polled by the
Master deterministically. The system caters to approximately 2600 digital inputs, 400 analog inputs, and 256
digital outputs.

Software for Command Server module has been modified to incorporate additional equipments required to be
controlled. Software for Control Procedure editor module and for RTU has been modified to support longer
delays for checking operation feedbacks. Software for Data Manager and Configuration module has been
modified to incorporate additional functions required. Testing of all these functions has been completed.

Development of software for interlock editor is completed. Configuration of all mimics, and, interlock logic and
control procedures for 220 KV and for 6.6 KV systems is completed.

Development of software for RTUs and for ESRs has been completed. Fabrication and assembly of hardware for
all RTUs has been completed and each RTU has been tested individually with simulated inputs. Fabrication and
assembly of hardware for all ESRs has been completed and each ESR has been tested individually with
simulated inputs.

Software for all RTUs, ESRs, Servers and the Display stations has been loaded and tested. The ESRs have been
integrated with the corresponding RTUs, the RTUs have been integrated with the Server network, and. the
servers have been integrated into another network with the Display stations.

The integrated SCADA system has been integrated and tested for the specified functions of monitoring,
interlocks and control. Final acceptance tests, including functional tests and burn-in tests have been carried out
by the NPC Quality Surveillance team and the system has been approved. Installation of the system at site at
RAPP-3&4 Kota is in progress.

Channel Temperature Monitoring Systems for RAPP-3&4 & Kaiga-1&2

A Channel Temperature Monitoring System is being developed for RAPP-3&4 and Kaiga-1&2 power plants. In
addition to the normal monitoring functions, the CTM system generates setback when it detects temperatures
beyond limits at any channel outlet; it also generates outputs for flux tilt control. :

The system consists of one Alarm Unit, one Control Unit (CU) and an Operator Information Unit (OIU) for each
of the two installations. The Alarm Unit and the Control Unit are each connected to the OIU on RS-422 and RS-
232 serial communication links respectively. The AU acquires all the 306 RTD signals and the CU acquires the
boiler temperature signals and several digital signals from the field and communicate these to the OIU. The CU
also obtains all alarm information from the OIU and actuates the corresponding field relays.

Software for each of the two Alarm Units have been modified to incorporate additional functional requirements
of the hot pressurization mode, RS-232C communication capability with the Logging Units, interfacing the
COM_VME board to the Alarm Unit processors, and, lead and cable resistance values. Testing of revised
software is completed. The Control Unit software has been modified to incorporate station clock
synchronization. Software enhancements to the Data Manager and the Netcom modules in the Operator
Information Unit to establish RS-232C link with the Control Unit have been completed. Development and
testing of software for balancing functions during hot conditioning has been completed. Modifications to
Configuration module required for this system have been completed.

The Alarm Units and the Logging Unit have been integrated and tested in the lab. Acceptance testing, by NPC
engineers, of the system required for balancing during hot conditioning at Kaiga-2 has been completed on the
prototype.

The hardware for the Kaiga-2 system has been installed. The software for each of the two Alarm Units and the
Logging Unit has been installed and the complete system has been tested and commissioned at site as required
for balancing during hot conditioning. The hardware for the RAPP-3 system is under installation and will be
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commissioned for performing balancing functions during hot conditioning before March 1999. The hardware for
the RAPP-4 system has been installed at EC1L for complete system testing.

Digital Recording Systems for RAPP-3&4 & Kaiga-1&2

A Digital Recording System is being developed for RAPP-3&4 and Kaiga-1&2 power plants. The system
provides archival storage of data for 128 analog signals and for 448 digital signals.

The system consists of one Analog Front End Processor (FEP) for analog signals, one Digital Front End
Processor (FEP) for digital signals, and two Recording Units based on PCs. The configuration of the system has
been modified such that the Digital FEP will now feed all data to the Analog FEP which will feed the composite
data to the Recording Units.

Software for establishing the communication link between the Digital and Analog FEPs has been developed and
tested. Software for RS 422 communication developed earlier was modified for the revised configuration and
tested.

Software modifications for the Analog FEP to incorporate disturbance detection on set point crossing and for
interfacing the COM_VME board is completed. Software development for modifications in Data Storage, Data
Retrieval and History modules for handling disturbance and fast data is in progress.

Software for Operator Information Units

A universal application man machine interaction software package is being developed for use with various
information systems.

Development of software for a Security Manager module is completed. The module keeps record of all users,
their passwords, extent of their authorization, access rights etc. It also aids generation of configuration change
report. Development of software for screen display of Indicating Alarm Meters is completed. Development of
software for Print module has been commenced and several sub-modules for tabular trending of selected analog
/ digital / ESR signals, printing of signal configuration and digital alarms, and, printing of system files viz. error
log files, operator action files etc. have been developed and tested. Development of Configuration module using
standard RDBMS package MS ACCESS has been commenced. Software to read the data base and convert it to
the format required by the existing MMI packages has been developed and tested.

Disturbance Recording Systems for NAPS-1&2

Software modifications in Print and Plot modules to allow use of inkjet printers, in addition ttfconventional dot
matrix printers and multi-pen plotters, has been completed.

RAPP-4Programmable Digital Comparator System (PDCS)

The PDCS is class IA safety system that monitors 384 analog parameters in various reactor processes. The
system keeps scanning the parameters and should any deviation take place beyond predetermined set points
safety action is initiated through outputs. The PDCS has 768 relay contact outputs. The system is configured
with three independent Alarm Units (AUs) catering to triplicated instrumentation channel and two Display
Units (DUs) that serve as redundant operator status.

For the RAPP-4 PDCS hardware integration was done and software was integrated on all the five nodes. The
system was tested continuously uninterrupted for four months. The system was demonstrated to NPCIL and
RAPP-4 site engineers. Training was also given to ECIL team of engineers to carry out the system integration
at site and to troubleshoot and repair the system.

In Alarm Units (AUs) of RAPP-4 PDCS, earlier the core program of scanning was designed in C. The code
formed by licensed optimized compiler did not give compact and optimized code to meet the scanning, filtering
comparison and output response. Hence the design was changed to have assembly language to utilize its
instruction sets optimally. After the assembly programming the system response improved and the code
generated was optimized and was reliable. The changed system was put on continuous by run under harsh
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environment to check for reliable operation of the system. The software conforms to the 1EC 880 standard. All
the required documents are prepared as per IEEE standards. The software V&V review is under progress.

Kaiga-2 Programmable Digital Comparator System (PDCS)

PDCS for Kaiga-2 was commissioned at site. The system comprising of 209 boards was integrated at site and all
the 384 inputs were calibrated and outputs were checked. System along with Version 1.0 (42 EPROMs and
Floppies for MMI) software and maintenance test programs were handed over to O&M Section of Kaiga-2.

On-Power Refuelling Machine Control System

On-power refuelling machine control system for Kaiga-1&2 and RAPP-3&4 has been developed. Acceptance
testing of the control system has been carried out with the use of passive simulator (for i/o driving capability)
and PC based dynamic simulator (for extensive checking of interlocks and logic of operations). Cross-feedback
interlock signal exchange between two side microcpmputers has been checked for unison operation of two
fuelling on a selected reactor channel. The operator interface through PC monitor provides colours, reverse
video, underlined messages, flashing messages and messages with bell sound for various categories of
messages. It provides same signal legend in step logic equations as well as in rest of the messages originating
from execution of application software, on-line diagnostics and on-line software.

The control system software for semi-auto mode of operation as well as for full-auto mode of operation is
available for commissioning at reactor sites. Installation and commissioning manual has been prepared.
Preparation of design manuals titled, 'System architecture and on-line software', 'Microcomputer system
hardware' and 'Application software and off-line utilities' is in progress.

PHWR Fuel Handling System Training Simulator

Purchase order for 'Development of FHS training simulator for Kaiga-1 Phase-1 work' has been received from
NPCIL. Document on 'System requirements general specification for phase-1 work' has been finalised after
discussion with NPCIL. The simulator would be used for operator training leading to safe, reliable and efficient
operations of the fuel handling system. Manual operations soft panels have been developed. Work on
networking of PC's, under windows-NT operating system has been started.

Upgradation of Control System for Fuelling Machine Test Facility

Work on this new project has been initiated under ninth plan projects. Detail of work has been finalised and
procurement of various items has been started. 8086 Microcomputer system has been fully integrated, making
use of already available microcomputer boards. Detail of wiring for input and output signals has been prepared.

Software Engineering, Verification and Tools Development

Development of Programming Environment for Real Time Systems

The work on development of Programming Environment for Real Time Systems (PERTS) was continued. The
system is being developed to support specification, simulation and verification of reactive systems. The already
developed components of PERTS enable specification using graphical notation of Statecharts and allow syntax
checking. In order to incorporate limited simulation and formal verification features into PERTS, a tool called
STATEST was developed. The tool translates Statecharts into Esterel programs thus enabling the Esterel tools
to be used for simulation and verification using either automata reduction or using model checker.

Development of Object Code Verification (OCV) System

A project has been undertaken from Aeronautical Development Agency(ADA), Bangalore to develop OCV
system. This project is being executed jointly with School of Technology and Computer Science of TIFR. The
proposed technique has been tested on few sample programs with errors seeded in the translation (object code).
More examples are planned for testing to establish the efficacy of the method. First progress report has been
submitted to ADA.
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Fatigue Monitoring System for Heavy Water Plant, Tuticorin

An on-line Fatigue Monitoring System is being developed to assess the structural degradation of components.
The system integrates the Disturbance Recording system with the component Life Evaluation software being
developed by RSD. One such unit had been installed and commissioned at Heavy Water Plant, Kota.

Testing of integrated software for Life Evaluation developed for HWP, Tuticorin has been completed. Hardware
development for this system has been completed. Testing of integrated system has also been completed. The
system has been dispatched to HWP, Tuticorin and is under installation.

Synchroscope Kaiga Simulator

System fabricated and tested at RCnD with variable micro-stepping technique was handed over to NPCIL with
detailed drawings. The system was commissioned with the NPP training simulator for Kaiga at ECIL

Control System For Komage Hydraulic Press At NFC

Nuclear fuel for PHWR is made in the form of pellets by compressing the fuel powder under high pressure in
controlled sequences. Control system for the hydraulic press imported from M/s. Komage Germany has been
indigenously developed. The computer control system which was earlier interfaced with K-5 press at CFFP was
shifted and wired to K-l press at NUOFP. All the requirements for operating the hydraulic press K-l were
verified after modifying wiring, logic and software. The trial runs of the control system and the press were
carried out in manual mode using wheat powder in place of uranium oxide powder. These runs were satisfactory
and trial runs in auto mode are in progress.

Dye Laser Tuning Control System

The Computer Control unit and drive assembly for turning of dye laser was tested at CWS metrological Lab.
The octant zoning algorithm developed to position the rotor to 0.036° was tested with doppler effect
interferometer. The repeatability of the linear movements to the of 50nm was verified and the system was
calibrated. The entire system is now shifted to MDRL for interfacing with laser equipments and other optical
parameteric instrumentation.

High Resolution Stepper Motor Drive For Laser & Optical Parametric
Oscillator

Drive electronics prototype to drive laser head with 0.018° resolution is made for optical parametric oscillator
for LPTD. The stepper motor and flexible shaft coupling has been handed over to LPTD for fixing them in
their experimental set up. PC based software program for this drive has also been developed.

Standard Micro Computer Board Development

Ethernet board for standard micro-computer EURO bus has been designed. Fabrication of the prototype is in
progress.

Indegenisation of Isolation Amplifiers

Isolation amplifiers in large numbers are used in nuclear reactor instrumentation. Currently the requirements are
met by importing them from USA, the only country manufacturing them. The import of these amplifiers is
difficult and uncertain besides being costly. Alternative design based on linear opto-couplers has been
developed and tested. Their performance has been found to be satisfactory. The program of productionisation is
under way.

Technology Transfer, Copyrights & Patents

Copyright was obtained for Mini-Micro stepping technology of stepper motor and reference number is L-
17595/98. Various Private and Govt. of India Enterprises have applied for the above know how to TTC&D.
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Price negotiations with M/s. Orion Electronics, Mumbai is under progress with TTC&D. and is in final stages.
TTC&D has offered to give one work order to M/s. Orion Electronics to carry out Project for BARC using this
technique.

Training, Consultancy and Services

Training and Qualification Course for Operators of BARCIS System

Using BARCIS Mark III system, training for operators from NAPS, KAPS, MAPS, RAPS, NPC Head Office
and BARC was conducted at Reactor Control Division during the period from Nov 9 to 17, 1998. Mr. Anil
Kakodkar, Director, BARC inaugurated the training course and addressed the participants. Mr. R.K. Gupta
CE(RS), NPC also addressed the participants. The training course consisted of lectures, demonstrations, practice
sessions, discussions and qualification examination. Mr. S.K. Sharma, Director, Reactor Group, BARC
presented the qualification certificates to the operators on completion of the training programme. A total of 25
operators were qualified in the course.

Training Courses for RAPP-3&4 Electrical SCADA System

The first Training Course for Electrical Supervisory Control and Data Acquisition (SCADA) system, developed
recently at Reactor Control Division, for RAPP-3&4 nuclear power plant was organised from Jan. 19-23, 1998.
The course was attended by six engineers - two each from RAPP-3&4 Maintenance Section and Operations
Section, Kota and two engineers from NPC Electrical Design Section, Mumbai.

The second Training Course for Electrical SCADA was organised from March 2-6, 1998. The course was
attended by nine engineers - three form RAPP-3&4, Kota, three from EC1L, Hyderabad, one from Kaiga-I&2,
one from NPC QS, Hyderabad and one from NPC Electrical Design Section, Mumbai.

The two courses comprised lectures as well as hands-on experience with the SCADA system and also provided
an opportunity for fruitful interaction between the designers and users to obtain feedback which could be
incorporated in futer versions of this system.

Publications

1. Programming Environment for Real Time Systems by S.D.Dhodapkar, A.K.Bhattacharjee, Umesh Chandra
(BARC) and R.K.Shyamasundar (TIFR). Paper presented at Second National Conference on Mathematical
Modelling and Computer Simulation, IGIDR, Mumbai Aug. 1998.

2. STATEST: A Tool to Translate Statecharts into Esterel by A.K.Bhattacharjee, S.D.Dhodapkar (BARC) and
S.Sheshia, R.K.Shyamasundar (TIFR). BARC external report no. BARC/1998/E/014.

3. Reliability Analysis of Microcomputer Circuit Modules and Computer based Control Systems Important to
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REACTOR ENGINEERING DIVISION

Major Achievements

1.0 ADVANCED HEAVY WATER REACTOR (AHWR)

Design, development, analytical and experimental activities were vigorously pursued.

1.1 Design and Development of Reactor Systems and Components

Component Design : Design of coolant channel has been completed and the engineering
details are being worked out. Reactor pile block component layout was finalised and
assembly drawing are being made. A rolled joint facility for long tubes was designed and
erected at Engineering Hall-7. A feasibility level 3D model of AHWR building was
completed. A detailed specification for pyro-carbon blocks was prepared. Computer code
SHIPCA was developed for determining shielding thickness for any shipping cask as per
IAEA specifications and was validated for PHWR cask data. The development activities
for AHWR were identified and listed.

Documentation: Around 300 action packages were identified to facilitate monitoring of
AHWR engineering development.

1.2 Thermal Hydraulic Studies for AHWR

The computer code TINFLO-S was modified to take into account neutron kinetics and fuel
dynamics on the stability of the AHWR. The code was also modified to identify the in-
phase and out-of-phase mode of oscillations that can take place in the reactor with &
without neutronic coupling. Preliminary calculations have been carried out to study the
effects of void reactivity coefficient & fuel dynamics on the reactor stability. In order to
validate the above computer codes, a high pressure natural circulation experimental loop
has been fabricated, erected, hydrotested and commissioned.

Core thermal hydraulic analysis was carried out with 408 channels using the computer code
THABNA - M0D2. Based on the results of the analysis, alternative designs of various
components of coolant channel, riser and inlet feeder pipes were proposed to reduce the
local losses. Thermal hydraulic sub-channel analysis of AHWR fuel bundle using computer
code COBRA-3C is in progress.

The experimental set-up for the studies on Passive Containment Cooling System (PCCS)
was in advance stage of commissioning. More experimental data have been generated to
determine the pressure drop across fuel bundle (D-3 type) and its components at different
flow conditions. Generated experimental data on two phase pressure drop in tubes were
assessed against 23 pressure drop correlations.

A computer code has been developed to predict the condensation of steam in presence of
non condensable gas in the vertical tubes of passive containment coolers of AHWR. It can
predict heat transfer along the length of the tube. Cases available in literature are also
analyzed using this code.

The development of a computer code to study the thermal stratification in water pool was
started.

Specifications for directly heated fuel rod cluster simulator for AHWR thermohydraulic
safety experiments have been prepared.
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A steady state analysis of the pyrocarbon blocks of the AHWR moderator system was
carried out to determine temperature distribution in the blocks for different configurations.

Conceptual design of the primary heat transport system of the AHWR Integral Test Loop
(ITL) has been completed. Design of the different components and systems were
continued.

Work related to the setting up of a test facility for thermal-hydraulic simulation studies at
IIT, Mumbai was co-ordinated.

1.3 Experimental Programmes for AHWR Engineering Development

The prototype 52 pin fuel cluster was fabricated and installed in the Flow Test Facility at
Engineering Hall-7 for pressure drop and endurance testing. So far 5000 hours of
endurance testing were completed. Based on the pressure drop measurements across the
fuel cluster and across its various components , modifications are being done to the fuel
cluster. Fabrication of spacers with reduced plate thickness is in progress at CWS, BARC.
Tie plates are also being modified.

2.0 AGEING MANAGEMENT OF PHWR COOLANT CHANNELS:

The ageing management activities for coolant channels of operating Pressured Heavy
Water Reactors (PHWR) were continued.

2.1 Channel Life Extension Activities:

Integrated Garter Spring Repositioning system (INGRES) was assembled and qualified for
reactor work at MAPS-1 site. Repositioning of the garter springs was attempted in five
coolant channels.

A new design of garter spring repositioning module of INGRES was completed for
separation of bunched garter springs in the channels of operating reactors.

The creep sag behaviour of coolant channel assembly was modeled using dedicated code
SCAPCA. Assessment and estimation of creep contact time for coolant channels was
carried out.

2.2 Channel Degradation Modelling

Computer code HYCON-95 for assessment of hydrogen concentration was modified on
basis of post- irradiation examination (PIE) data for high flux channel.

Safety assessment of the channels (blister depth estimation) using computer code BLIST-
1D was carried out for MAPS-1 & 2 reactors.

23 In-Service Inspection activities:

Pressure tube scrape samples were obtained for the first time from operating Indian PHWR.
Sliver scrape sampling system was assembled and qualified at MAPS-1 site. Three samples
each from two pressure tube i.e. O-10 and A-14 were removed.

A system was designed and mockup trials were done to obtain a boat shape sample from
core shroud of TAPS reactor.

A scheme was devices for carrying out video inspection of helium line flanges in top
shielding area of CIRUS reactor. The inspection of eight flanges was completed and data
on specific dimensions were generated.
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3.0 DEVELOPMENT AND APPLICATION OF DIAGNOSTIC TECHNIQUES

Vibration Laboratory: Activities on development of vibration diagnostics, vibration
measurement for root cause identification and design qualification continued. R&D backup
for field vibration problems as well as for nuclear facilities was provided. Rotor dynamic
analysis of a canned motor pump was carried out to determine unbalance response and
rotor critical speeds. Various bearing characteristics were reviewed for incorporating in the
analysis that could closely match with the observed rotor behavior.

Experiments were carried out to qualify new heavy duty shaker. Make and break between
calandria tube- pressure tube was simulated and its effect on channel response was
analysed. A diagnostic method for detection of turbine blade vibration was being developed
with data input from the reactor sites. Fast data Acquisition system is functioning
satisfactorily in KAPS-1. The on-line system acquires 35 signals including TG vibration
and process parameters.

Vibration isolation systems : Floor vibration isolation systems installed in CRI Mumbai,
and Chemistry Division were tested through vibration measurement. Isolation efficiency
was ascertained vis-a-vis design.

4.0 THERMAL HYDRAULIC and HEAT TRANSFER STUDIES:

Theoretical and experimental studies in different relevant areas, as described below, were
carried out.

4.1 Safety Related Technology Development (SRTD):

Preliminary floor layout & flow sheet have been prepared and procurement action has been
taken for the augmentation of the integral test facility. Design, fabrication and installation
of tubular test sections, support structures, coolers were completed. Work related to
electrical DC power supply and instrumentation for steady state operation of the integral
test facility were completed. Insulation thickness required for different sizes of piping and
equipment were evaluated and heat loss from the system was estimated. Hydrostatic
pressure test and cold commissioning of the integral test facility was carried out
successfully.

4.2 Flow Pattern Transit/on Studies

To study flow pattern transition in two phase flow using neutron radiography, a test set up
has been designed. Fabrication of the different components has been completed and
erection of the set up is in progress.

43 IAEA CRP:

Engineers participated in the IAEA Co-ordinated Research Programme on
"Thermohydraulic Relationships for Advanced Water Cooled Reactors" and led the
experts' group on "Pressure Drop Relationships". Writing of the TECDOC chapter on
pressure drop has been completed.

5.0 OPERATION OF MAJOR EXPERIMENTAL FACILITIES:

All the operating facilities/ loops e.g. Integral Teat Facility, Flow Test Facility, 3MW
Boiling water loop, Fuelling machine test facility were satisfactorily operated for
conducting a variety of experiments, testing of components and data generation.
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5.1 Integral Thermal Facility :

This loop was operated for the endurance test of 500 MWe PHWR fuel bundles as well as
EPR O-rings at 270 °C temperature and pressure of 85.0 Kg/cm2 accumulating more than
1000 hours for fuel bundles and 1861 hours for EPR O-rings. Testing of Fuelling machine
R-3 of Kaiga Atomic Power Station was takenup.

5.2 Flow Test Facility :

This loop was operated for the endurance test of D-3 fuel cluster of AHWR at ambient
temperature and 850 LPM flow. It has completed 5000 hours of endurance test.

5.3 Main Loop of FMTF :

Testing of fuelling machine R-4 of Kaiga APS was carried out.

5.4 Natural Circulation Loop :

The loop was commissioned after fabrication and erection.

6.0 DESIGN AND DEVELOPMENT FOR INDIAN NUCLEAR REACTORS:

Design and development work in the areas of fuel design/ behaviour, passive safety
aspects, shielding, decontamination of reactor systems etc. was continued.

6.1 Irradiation of Test fuel assembly

B-C-8 cluster consisting of two six element PHWR fuel clusters was irradiated up to 14000
RMWd in Pressurised Water Loop of CIRUS reactor.The fuel performance report of the
cluster showing the variation of the cluster power with date for full five years of operation
has been made.

6.2 Instrumented Fuel

The design of Instrumented fuel pin for testing of PHWR fuel pin under Loss of Coolant
Accident (LOCA) conditions has been finalised after detailed discussions with concerned
agencies.

63 Dry storage of spent PHWR fuel

Based on results from prototype drying experiment carried out using six dummy fuel
bundles, hot air drying was adopted for moisture removal in the actual concrete cask.
Drying operation was carried out initially for three concrete casks at RAPS. Modifications
were incorporated based on operational feedback and now drying procedure for concrete
casks has been standardized

6.4 Development Of Hydrogen Mitigation System

Mitigation of consequences of very low probability severe accidents is an important
element of the 'Defence in Depth' principle applied in the design of modern nuclear power
plants. One of the most important functions which need to be addressed in this context
relates to facilitating passive recombination of hydrogen, which could possibly get
produced as a result of metal-water reaction, so that hydrogen concentration in any pocket
within the containment does not exceed a safe limit. Over the period of last couple of years,
a large volume of ground work has been done as a collaborative effort of various Divisions
of B.A.R.C to address various issues relating to development of a passive hydrogen
recombiner device. Further work was continued towards fine tuning the technologies for
manufacture of catalyst based recombiner modules, fine tuning of technologies for
hydrogen measurement, rigorous engineering level experimental studies, and design of an
optimum cost effective configuration of the recombiner.
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6.5 TAPS DECONTAMINATION

For Dilute Chemical Decontamination (DCD) of Clean Up system of Tarapur Atomic
Power Station (TAPS) BWR reactors regarding man rem reductions the phase-I of work
was completed in a very satisfactory manner. On one unit of TAPS BWR, analysis for
heating the system to more than 90 °C got validated. System comprising of more than7000
litre of water and several tonnes of metallic components was heated with the help of an
electrode boiler with 200 kg/hr. saturated steam supplied at 6-7 kg/cm2 in 7 hours. During
this work, oxygen level maintenance (at ppb level) could also be confirmed as per the
development work carried out earlier.

6.6 LIQUID POISON INJECTION SYSTEM (LPIS) FOR KAIGA 1,2 AND RAPP 3,4

A slow acting supplementary shutdown system along with Primary Shutdown System
(PSS) and Secondary Shutdown System (SSS) is necessary to provide additional negative
reactivity for compensating the delayed reactivity build up due to xenon decay etc. after
plant is shutdown. This function is provided by Automatic Liquid Poison Addition System
(ALPAS) in NAPS/KAPS.

In NAPS/KAPS design, ALPAS depends on the availability of moderator circulation
system to realise the negative worth it intended. However, during the station blackout no
credit can be given to Automatic Liquid Poison Addition System (Bulk addition mode)
because of above reason. Hence this was corrected by incorporating independent Liquid
Poison Addition System (LPIS) for KAIGA 1&2 as well as RAPP 3&4. In this system,
injection of liquid poison into moderator is achieved by pressurising boric acid solution
contained in a liquid poison tank.. Stored high pressure helium gas makes LPIS a passive
supplementary shutdown system without requiring any power supply for its actuation.

A test loop simulating the reactor conditions has been designed and installed in Hall No.7.
The tests were carried out to experimentally validate the concept. Following experiments
were conducted:

i. Conceptual design feasibility of the system was established experimentally.

ii. Turbulence caused in the moderator due to the injection of poison was carefully studied
and solution found out for mitigating the turbulence.

iii. Gross hydrodynamic parameter established for the operation of the system.

iv. Abnormal operation simulation was done on the test loop and system performance
under odd condition were demonstrated.

With the above, work has been completed to the satisfaction of regulatory bodies, AERB.

7.0 DESIGN AND DEVELOPMENT WORK FOR RESEARCH REACTORS:

For Hot Neutron Source assembly of Dhruva reactor, estimation of shielding requirement
inside the beam hole and outside the assembly was completed.

Shielding design for Through tube (TT-1015) as well as consultancy for were provided to
Inter university Consortium for DAE facilities.

Controlled Temperature Irradiation Facility (CTIF) was installed in Beam Hole R-3002.

Shielding design of spent fuel cask for PFBR at normal and accident conditions of transport
was completed as per IAEA Specifications.
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REACTOR GROUP

Major Achievements

The primary thrust of activities of Reactor Operations Division and Reactor Services &

Maintenance Division continued to be the safe and efficient operation of the three research

reactors - Apsara, Cirus and Dhruva towards providing facilities for basic and applied

research, radio-isotope production, irradiation testing of materials and training of scientific and

technical staff. Considerable effort was put in for the design and development work related to

establishment of new research reactors and refurbishment of existing reactors. Significant

contributions were also made in design and operational safety review activities of the Atomic

Energy Regulatory Board for operating power plants as well as plants under construction and

in preparation of safety documents. Technical and man-power support was extended to NPCIL

and other divisions of BARC as required.

APSARA

The reactor completed 42 years of successful operation and continues to be utilised for

research, radio-isotope production, neutron activation analysis, testing of nuclear detectors and

neutron radiography.

The neutron radiography facility was used for development of real time radiography.

Feasibility study for the experimental evaluation of the proposed bulk shielding for the

Prototype Fast Breeder Test Reactor, IGCAR was carried out at the reactor shielding cavity

using foil irradiation technique. A study was made to assess the expected life of the core with

water holes in different core positions.

Refurbishment and design modification of Apsara will be undertaken after about two years

towards extending the life and improving the utility of this old reactor. Significant progress has

been made in detailing the basic design of various reactor systems for the proposed modified

design and its safety review is in an advanced stage of completion.
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CIRUS

Reactor remained shut down since October 1997 for carrying out planned refurbishing based

on ageing studies conducted earlier. To enable various activities of refurbishing, complete

reactor core remains unloaded and various systems and components are being maintained in a

preserved state. Some of the important activities carried out during the year were:

• Pressure testing of sub-soil primary coolant pipe lines.

• Repairs to a leaky dresser coupling on a 20 inch diameter pipe located in a pit below grade

level outside the reactor building. The repairs were carried out underwater with the pit kept

in flooded condition. This methodology was adopted to prevent the elastomers gaskets on

the other joints of the pipe going dry which could result in their deterioration.

• Repairs to the leaky central shaft of Ball Tank. To facilitate the repair job and detailed

inspection of the structure, the tank was completely drained, cleaned and arrangements were

made for proper ventilation and lighting inside.

• Radiation mapping of reactor structure components with the fuel unloaded from the core.

This data would be useful during future decommissioning of the reactor.

• In-service-inspection of reactor vessel tubes using a dual frequency eddy current probe

developed in-house.

• Radiation shielding window of the isotope handling facility was removed from its position

for installation of a newly assembled window. The old window will be refurbished

subsequently and used as a spare.

• Inspection and testing of expansion joints and first isolation valves for major equipment in

the primary coolant system.

• Servicing of important equipment like reactor hall crane, primary coolant pumps and

motors, heavy water control and dump valves and electrical circuit breakers, transformers

etc.

• A new fire alarm system was installed and is under commissioning.

• One graphite plug was removed from the thermal column and sent to Radio-metallurgy

Division for Stored Wigner energy measurements.
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• Development and mock-up trials of remotely operated clamps for arresting leak from flange

joints of helium piping located above the reactor vessel.

• Design and development of remotely operated tools and fixtures for repair of leaky

aluminium thermal shield coolant pipe in the reactor structure region.

• Removal of a cracked S.S cross-header at primary coolant outlet and its metallographic

examination at Radio-Metallurgy Division and development of procedures for its repairs .

• Preparatory work for integration of a desalination unit with Cirus for demonstration of the

technology of utilising reactor waste heat for desalination of sea water using Low

Temperature Vacuum Evaporation process.

DHRUVA

Dhruva continued to operate satisfactorily during the year . The reactor served as a national

facility for neutron beam research and a number of scholars from various academic institutions

utilised the facility under DAE-IUC. Around 1000 radioisotopes samples were irradiated and

delivered to the Isotope Division.

Some of the major achievements and activities during the year were :

• Samples of seamless and seam welded Zircalloy tubes for use in our PHWRs fabricated

through different processes were irradiation tested.

• A pneumatic carrier rod for short term irradiation of samples for neutron activation analysis

was fabricated and tested prior to installation in the reactor.

• The facility for transmission of neutron beams from the reactor core to the adjacent

laboratory building through neutron guide tubes was commissioned and the beam is being

utilised for experiments in low radiation back-ground.

• A newly procured air compressor was commissioned towards improving the redundancy

and reliability of the compressed-air system.

• A new under-water cutting saw, using a motor with radiation resistant winding for bisection

of irradiated fuel assemblies was successfully commissioned.

• Fire fighting capability in the plant was augmented by providing a number of fire-hydrants at

strategic locations in the reactor building and service building.
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OTHER ACTIVITIES :

• It is proposed to build a new critical facility at BARC for carrying out experiments for

optimising the core design of the proposed Advanced Heavy Water Reactor and for

reactor physics experiments related to our 500 MWe PHWRs .Core physics design and

basic engineering design of facility was completed and detailed design is in progress.

• A Research Co-ordination meeting of the IAEA Co-ordinated Research Programme on

"Decommissioning Techniques for Research Reactors" was organised at Mumbai

during Feb. 16-20,1998. Participants from thirteen countries attended the meeting.

• An in-depth review of the design features of Dhruva based on the operating experience

was carried out to identify possible design improvements that can be incorporated in the

new high flux research reactor proposed to be established at BARC.

• As part of on-going PSA studies, reliability analysis of on-site power supply systems

including Emergency Core Cooling system and shut down cooling system of Dhruva

reactor, and the proposed automatic ground fault detection system of Class 1 power

system of Cirus was completed.

• Over 21000 samples of light water, heavy water helium gas and ion-exchange resins

were analysed during the year for monitoring and controlling the chemistry of the

research reactors.

• Chemical cleaning formulation based on citric acid and thioglycolic acid was developed

for scale removal from copper tubes of condenser and chiller units at Central air

conditioning plant BARC.

• For Kamini reactor at IGCAR, a mathematical model was developed for improving the

thermal-hydraulic characteristics of the various core-reflector configurations under natural

convective cooling condition. Based on this study, some modifications were suggested

for better assessment of reactor thermal power.

• A theoretical study was conducted for design of a fast neutron facility for the proposed

new High Flux Research reactor. Engineering feasibility studies were also initiated for

development of a 12 pin fuel assembly for such a facility.

• Preliminary shielding calculations were carried out for the Critical Facility for AHWR

and 500 MWe PHWRs. Scoping studies were carried out for assessing the feasibility of
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using a U-233 based LEU fuel in the form of uranium silicide for the proposed Low

Power Research Reactor that can be installed in a University.

• SF6 Gas handling system for FOTIA project was designed, installed and commissioned

at Van-de-graff.
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REACTOR PHYSICS DESIGN SECTION

Major Achievements

The physics design of the advanced heavy water reactor is being pursued with major
design objectives namely, (i) 75 % of the power produced should be extracted from
thorium (ii) the system should have negative void coefficient (iii)the discharge burnup of
the fuel should be 20,000 MWd/ (iv) the system should be self-sustaining in U-233 and (v)
the total thermal power should be 750 MW th. The composite cluster which consisted of 8
(Th,Pu)MOX pins has been changed to has 20 (Th,Pu)MOX pins in order,, that it has an
acceptable internal peaking factor.

The core has been optimised with respect to various design parameters like void
coefficient, temperature effects, thermal-hydraulic feedback, optimised performance from
plutonium bearing pins and maximum power from thorium. The locations of the shut
down systems and other reactivity devices are finalised for this new configuration. The
worth of the adjusters in the presence of xenon have been calculated.

The physics design of the AHWR critical facility has been finalised. The critical
facility designed consists of reference core and a central test region. The reference core
lattice consists of 19 rod cluster of Dhruva pins with a lattice pitch of 29.4 cm. For the
AHWR experiments, the core consists of 61 locations, 55 of them will be fuel and 6 will
be occupied by shut off rods. The AHWR fuel assembly will be mounted in the centre in a
3X3 array. The central AHWR test region will be exactly same as the actual AHWR
lattice.

For the PHWR experiments the reference lattice will consist of 37 rod cluster of
natural uranium oxide with alattice pith of 28.6 cm. The reference core will consist of 69
locations, 63 of them will be fuel and 6 will be occupied by shut off rods.

A scheme for producing U233 in our PHWRs by continuos irradiation of thorium in
14 channels (all bundles of TI1O2) has been analysed. The channels are selected such that
the worths of the shut down systems do not change very much. In addition analysis for
optimum loading of 40 thorium bundles for continuous irradiation in the presently
operating PHWRs has carried out.

As part of the design evaluation of the 500 MW(e) PHWR, explicit simulation of
reactor operation during a stepback transient was performed with and without reactor
regulating system feedback.

The criteria for percentage fill up or drain in the zonal control compartments for
different power errors, and for withdrawal and inserting of adjusters required
modification. Studies for control zone optimisation was also performed.

A loading scheme for the initial flux flattening of RAPS-2 reactor was worked out.
This scheme consists of 18 ThO2 bundles loaded symmetrically in the centre. The entire
start-up procedure , approach to criticality and the low power physics experiments were
reviewed in great detail for RAPS-2 criticality after retubing. Because of the high radiation
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field in the reactor, fission chamber detectors had to be used instead of boron coated
counters. This section participated in these tasks.

As part of an IAEA-CRP on the potential of Th-based fuel cycles to constrain Pu
and to reduce long term waste toxicities, three cycles were studied ; namely, SSET with
2.0 % plutonium makeup, Thorium-plutonium open cycle with 4.5 % plutonium
enrichment in thorium and natural uranium MOX with 3.0 % plutonium enrichment. A
comparative study was carried out to estimate the quantity of waste produced in each
cycle.

Reactor physics DBR on 500 MW TAPS 3&4 was reviewed and suggestions were
incorporated.
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REACTOR SAFETY DIVISION

Major Achievements

The main thrust of the research and development programme in Reactor Safety Division
continued to be towards structural and thermal hydraulic safety for the Pressurised Heavy Water
Reactors.

A containment studies facility is being setup to conduct experiments on thermal hydraulics,
hydrogen behaviour and aerosol behaviour in containment following simulated accident
conditions. These data will be useful in benchmarking the containment safety related computer
codes developed/to be developed. Preliminary estimate of electrical loads during startup, pre-
blowdown and post-blowdown phases have been worked out for the containment studies facility
and communicated to the concerned agencies. The design pressure, size and internal details of
the containment model and equipment layout were revised. Preliminary design of the
Instrumentation System for the Containment Studies Test Facility and stress analysis were also
carried out.

Based on the data on the performance of various catalyst samples tested by Chemistry Division ,
preliminary calculations for the requirements of number of recombiners and their cost have been
estimated for a typical 220 Mwe PHWR. Various activities pertaining to development of SS-
substrate based Pt/Pd catalyst in other divisions, viz. MPD, TPPED and Chemistry Division were
organised. Experiments were carried out in HYMIS test setup in association with RED to study
the performance of the catalysts of various designs and the recombiner box at H2 concentrations
between 2% and 4% (v/v) and the test results were analysed.

Human errors are significant contributors to NPP incidents. It is therefore important to include
Human reliability Analysis in PSA studies. The development of a database for Human Reliability
Analysis using IPHWR data progressed further. Human Reliability Analysis was carried out for
the Operating Procedure for Emergency Condition (OPEC) for the Stuck Open Failure of
Instrumented Relief Valve (IRV) of Primary Heat Transport System (PHTS). The research
programme under the IAEA CRP on Collection and Classification of Human Reliability Data
and Use in PSA was successfully completed.

Several safety related issues regarding peak containment pressure reached during LOCA was
resolved through the analysis. Analysis of the RAPS containment was carried out with all 10 and
with only 3 dousing lines fully open. Analysis of the TAPS containment following a re-
circulation line break has been carried out for two values of the leakage rate from the SSG.
Analysis was carried out to find the maximum peak pressure in the AHWR containment
considering the effect of various parameters.

In order to demonstrate the adequacy to withstand seismic loading, some of old structures and
equipment in BARC were re-assessed. Dynamic analyses have been carried out for the StandPipe
and Emergency Dump Tank of CIRUS for SSE condition. StandPipe and Dump Tank are
qualified for seismic ground motion of Tarapur site. A probabilistic seismic safety analysis has
also been carried out for the Ball tank of CIRUS.

Analysis was carried out to evaluate the pressure drop across instrumented pipe inspection gauge
designed by CnJ.D. The Contact force for polyurethene cups of instrumented pipe inspection
gauge were also determined. Experiments were carried out to evaluate coefficient of friction for
polyurethene material and steel brush in association with Reactor Technology Division.

The leak-Before-Break (LBB) concept is now universally used to design the primary heat
transport (PHT) piping system in PWR/PHWRs. It ensures the removal of pipe whip restraints
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which otherwise make the in-service inspection of the PHT piping very difficult. The application
of LBB concept requires extensive fracture analysis of the piping components. Fracture
behaviour of small laboratory specimens is often entirely different from the real life components.
The transferability of the specimen data to the component level is thus an important issue that is
still unresolved today. To resolve this issue an elaborate integrity test program has been initiated.
In this program 28 fatigue tests and 45 fracture test will be conducted on straight pipes and
elbows with through wall/surface cracks. The pipe/elbow diameters vary from 8 inch to 16 inch.
A memorandum of understanding was signed between SERC, Chennai and BARC to conduct
these tests at SERC over a period of four years. The test procedure, test matrix, measurements to
be carried out have been finalised. Few mock up tests were carried out to verify the use of Image
processing technique to measure load-line-displacement, crack growth and crack mouth opening
displacement. In a related study on LBB programme, two elbows with 16 inches nominal
diameter were tested under cyclic load at SERC, Chennai. Results of this study will be used to
validate multiaxial fatigue assessment models and fatigue crack growth in thick walled elbows.

Analytical work on J-Q theory and damage mechanics has also been initiated. Constraint
parameter 'Q' and "h* have been evaluated for different 2-D cracked geometries. Work on the
damage mechanics study of tensile geometry made of PHT piping material (SA333Gr6) has been
completed. Task related to numerical round robin exercise on micro-mechanical models of
ductile fracture organised by European Structural Integrity Society has been completed
successfully. A computer code has also been developed for probabilistic fracture assessment
based on R6 methodology.

Considerable effort has been put to develop in house safety/design analysis codes. A software
package of a computer code for simulation of the Steam Generator (SG) process dynamics has
been supplied to the Simulator Group of Nuclear Power Corporation of India Limited (NPCIL).
This code is being used in the 220 MWe Kaiga-1 Pressurised Heavy Water Reactor (PHWR),
Operator Training Simulator. A computer code has been developed for the Advanced Heavy
Water Reactor (AHWR) Steam Drum for investigating the process dynamic behaviour of the
component.

GRS, Germany and ORNL, USA under OECD have organised an international comparative
assessment study of pressurised thermal shock in reactor pressure vessel. It has three principal
tasks viz. Deterministic Fracture Mechanics, Probabilistic mechanics and Thermohydraulic
mixing study. Reactor Safety Division has participated in all the three tasks. Cracks were
postulated in circumferential and axial directions and fracture parameters were calculated under
three emergency cooling transients. Both deterministic and probabilistic fracture mechanics
calculations were performed and results were submitted to the organising committee. The
pressurised Thermal Shock in Pressure Vessels due to injection of emergency coolant was also
studied. It was observed during study that the level in the downcomer significantly affects the
thermal hydraulic phenomena encountered.

With a view to refine LOCA calculations further, a computer program was developed and
validated for estimating vapour pull through/water entrainment in a branch pipe of a header
where stratified flow is taking place. A model based on creep was developed and validated for
pressure tube ballooning. It was integrated with the computer program HT/MOD4 for severe
accident analysis. The effect of retrofitted ECCS on stratified flow level was studied for RAPS
for the cases of critical breaks in inlet and outlet headers. For advanced Heavy Water Reactor an
analysis was carried out for LOCA caused by double ended inlet header break and Main Steam
Line Break.
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As a part of studies carried out under IAEA-CRP on Modelling of Corrosion Product and
Activity Transport in Primary Heat Transport system of water cooled reactors, a computer code
"ANUCRUD" for calculation of corrosion products and activity transport in PHT system of a
PHWR has been developed and tested using simple models for various rate processes such as
corrosion, deposition release etc.

For residual life estimation and life extension of Heavy Water Plant Kota, seismic re-evaluation
of flare stack has been completed. The usefulness of some new energy absorbing devices has
been demonstrated analytically. The accident analysis of TAPS-BWRs for the case of
Recirculation Line Break and Main Steam Line Break were carried out. The hydraulic load
experienced by the core shroud during the transient was estimated. Structural integrity of cracked
shroud of the reactor vessel of TAPS was evaluated under the postulated recirculation line break.
It was shown that the shroud could withstand these loads even in the presence of a complete
circumferential crack.

The PHWR containment is designed based on maximum pressure produced due to hypothetical
Loss of Coolant Accident (LOCA). The containment is designed such that its behaviou is linear
elastic. However, several overseas regulatory agnecies are proposing to enhance load-carrying
capability of containments. The response of containment for pressure higher than the designed
pressure would be non-linear. Therefore, a thrust area has been identified to carry out non-linear
analysis of reinforced and prestressed concrete structure.

USNRC, USA and NUPEC, Japan have organised a Round Robin Exercise to determine the
failure behaviour of prestressed concrete containment. Ultimate load capacity evaluation of
Prestressed Concrete Containment Vessel (PCCV) test model was carried out with the code
ABAQUS as well as an in-house finite element code ULCA. Necessary upgradations were made
in the code to include steel liner modeling for the PWR prestressed concrete containments. The
liner tearing failure mode was demonstrated in the membrane region of the cylindrical wall at
2.36 times the design pressure. The pretest analysis results have been sent to Sandia Laboratory
USA.

Contributions were made towards drafting and revising various design safety Guides of AERB
on Containment Design, Vapour Suppression System, Safety Guides on QA in Siting and
Containment Testing. A number of safety reports were reviewed for various safety committees
and their Working Groups.

The fatigue monitoring system at HWPS KOTA has performed satisfactorily.

REVENUE EARNED ON ACCOUNT OF SERVICES OFFERED TO OUTSIDE AGENCIES

Following consultancy jobs have been completed.

1. On Line Strain Measurement on 300 mm NB Pipe at Bhivpuri Hydel Station for M/s. Tata
Electric Company.

2. Strain data collected on 300 mm NB pipe in straight run and Tee junction of Bhivpuri Hydel
Station for M/s Tata Electric Company (TEC) during hydro-test and turbine start up and shut
down cycles were analysed to get stresses and induced pressure pulses.

3. Instrumented Hydrostatic Pressure Test of Bifurcation and Trifurcation Joints for M/s. Tata
Electric Company Strain gauge data was collected during hydrotest of these large diameter
components. It was shown that the measured stresses closely matched theoretical calculations.
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4; Stress Analysis and Design of Converter Vessel and Heat Exchangers of a Sulphuric Acid
Plant for M/s Humphreys and Glasgow

These large diameter thin walled components were analysed for pressure, temperature and wind
loads. Modifications were suggested for removing deficiencies in the design and the modified
design was shown to satisfy the codal requirements. The analysis was characterised by the
modelling of complex geometries involving intersections of curved surfaces.

5. Thermal Stress Analysis and Fatigue Evaluation of Converter Vessel for M/S Kvaerner
Powergas India Ltd.

This vessel is subjected to repeated thermal shocks. It was shown that by incorporating a thermal
sleeve and optimising the thickness of the refractory lining, the vessel could withstand the
anticipated number of cycles.
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REFUELLING TECHNOLOGY DIVISION

Major Achievements

1.0 DEVELOPMENT OF TECHNIQUES FOR MONITORING AND ENHANCEMENT
OF PRESSURE TUBE LIFE

1.1 BARCISMKII:

BARC channel Inspection system (BARCIS) is being used in operating
pressurised Heavy Water Reactors (PHWRs) for monitoring the health of coolant
channel periodically. In-head calibration plug for BARC Inspection system
Mark-ll has been successfully used in MAPS for calibration of ultra-sonic
sensors.

Special seal plug has been designed to seal the channel in the
shut down reactor condition. At this time channel pressure is approximately 5
Kg/cm2. However, in situations when channel pressure is less than the Fuelling
Machine pressure there is a likely chance to press the plunger against spring.
This situation may occur when ISI is done in isolated channel and as the
Fuelling Machine magazine pressure cannot be reduced below a particular
value. Therefore the spring force of special sealing plug has been increased
and a mechanical stop has also been provided so that the above situation will not
arise.

In-head calibration plug drawings handed over to RCnD for
fabrication of Plugs for NAPS. A report on Design evolution of In-head calibration
plug for BARC Channel Inspection system (Report No.BARC/1998/1/007) has
been published.

1.2 Design and Development of equipment for Wet Integrated garter spring
Repositioning System (INGRES):

Wet INGRES system has been developed to facilitate the repositioning of
garter spring in filled channel condition. An automatic clamping mechanism has
been designed for wet INGRES delivery system. It will reduce time and men-
rem consumption during garter spring repositioning in the reactor.

Detailed discussion held with MAPS to prepare the prerequisites
and to plan the wet ingres operation in forthcoming annual shutdown. Special
closure plug has been tested with Fuelling Machine without clamping on to the
end fitting. Necessary modification was carried out to solve the problems faced.
Assembled the plug after modification and tested with F/M. Operation is
satisfactory.

1.3 Channel isolation plug (CHIP) for NAPS:

Channel isolation plug (CHIP) will be used for isolation of feeder from the channel
when end fitting seal face is to be attended for rectification without draining the
channel. This plug avoids draining of the channel for lapping of sealing face.
After detail designing, work order was placed on the outside party for
fabrication of Channel isolation plug (CHIP). Two Nos. of CHIP have been
fabricated through outside party. These plugs have been tested successfully
and one plug has been handed over to NAPS.
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1.4 Leakage monitoring through acoustic emission technique :

Experimental work for leakage measurement of sealing plugs of PHWR using
acoustic emission technique has been completed. The system developed in
collaboration with ESD and AFD can survey the leakage of 612 sealing plugs
of 220 MWe PHWR within one day.

Second phase of experiment was conducted in Hall-7 and Hall-
3. During this experiment acoustic emission leak detection system developed
by ESD was used to generate data along with AFD acoustic emission
equipment. Various data were generated with combination of 375 K Hz & wide
band sensors. Software developed by ESD was also checked with AFD
sensors and Amplifier. A wide range of low leaks were created through seal
plug at high pressure and temperature. Leaks were measured by steam
condensation method and steam bubble method. AE data generated were
compared with both the ESD & AFD system. Results were discussed and
analysis of experimental data are in progress.

Leakage monitoring of high leakage steam was also conducted
by laser optical technique. Leakage data also generated by using laser optical
device in collaboration with Laser Division. Results of the experiments carried out
in fuelling machine test facility, reviewed and analysed jointly with AFD/ESD and
found satisfactory.

1.5 Automated shaker mounting assembly:

Automated shaker mounting assembly has been developed for mounting shaker
automatically for health monitoring of coolant channel by non-intrusive
technique. This will reduce time and men-rem consumption. The system has
been delivered to MAPS site for use after extensive testing at hall-7

2.0 FLUID POWER LAB:

2.1 Development of small rotary actuator for ISI and repair tooling for RAPS
type steam generators:

A miniature rotory actuator has been developed and tested. This can be very
useful for inspection of small tubes.The rotary actuator was tested for its
capability for position control and found satisfactory . It was decided to check the
performance of the rotary actuator alongwith servo valve and two hose
cataneries connected in between the rotary actuator and servo control valve.
The servo valve performance with this configuration was checked

A small size of Rotary actuator was developed and tested earlier
using electro-hydraulic servo control system. The same system was
augmented with an acceleration and velocity control circuit. With the help of new
controls, the rotary actuators now can be gradually accelerated with a controlled
acceleration rate from zero velocity to its maximum velocity then it moves with
this constant velocity then when it reaches near by required position, it
deaccelerates gradually and move with constant minimum velocity, finally when
it reaches to actual position, it stops the rotary actuator. This type of control
is essential for a drive having high inertial load to minimise the jerking
forces. The system is being checked with this new control algorithm.

A second small size of rotary actuator unit was designed which
consists of rotary actuator, feed back transducer and servo valve. The system
has been fabricated and preliminary testing is over. A small size of servo
valve is being purchased for this assembly. The order has been placed for servo
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valve.

2.2 Modification in oil hydraulic system:

A modified oil hydraulic system has been implemented in Fuelling Machine test
facility at Hall No.7 for testing. This modification can reduce number of oil
hydraulic hoses and components in the Fuelling Machine oil hydraulic circuit of
PHWR.

2.3 Hydraulic manipulator:

Design of manipulator arms of two degrees of freedom has been carried out
along with the load calculation . The structure design and linear actuator design
have also been completed. Procurement action was initiated..

A 6-degree of freedom hydraulic manipulator is being designed
jointly by, RTD & DRHR. The preliminary schematic drawing has been
prepared.The torque and force rating of various linear and rotary hydraulic
actuators respectively has been finalised. RTD is designing these actuators.The
specification of rotary actuator (RA) of 600 kgf-m has been prepared. Some
Indigenous vendors were contacted. Indent of this RA has been raised.

2.4 Tribology lab :

Tribology Laboratory provided support to study friction coefficient of
polyurethane versus carbon steel. This combination is being used in
instrumented pipe inspection gauge developed by RCnD.

Laboratory also provided support to Chemistry Division for
development and testing of diamond coated tool. Diamond coating was done by
chem. Division on tool samples provided by L&T and the same were used for
machining of Aluminum discs at Tum-O-Plant in co-ordination with L&T. The
performance of the coating was satisfactory & the results were very encouraging.

3.0 DESIGN & DEVELOPMENT WORK RELATED TO 220 & 500 Mwe PHWR:

3.1 Sixth Fuelling Machine head for new PHWR reactors has been delivered after
successful pre-calibration and acceptance testing. With this both the projects
Kaiga-1 & 2 and RAPS 3 & 4 are having 3 tested Fuelling Machine heads.

3.2 Design of transportation flask for coolant channel specimen which meets
AERB Type B(U) certification requirement had been completed.

4.0 DESIGN OF IFTM FOR PFBR:

Design and analysis work for primary ramp and tilting mechanism of IFTM
for PFBR has been completed. Drawing preparation of primary tilting mechanism
and secondary tilting mechanism was completed. Some modification and
correction have been made in other drawings related to IFTM to take care of
design changes.Test plots of all drawings has been given to drawing office for
drawing check.

4.1 Engineering of spent fuel transfer system for 500 MWe PHWR:

Design work for 500 MWe PFBR spent fuel transfer system is in advanced
stage of completion and is likely to be completed shortly.
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4.2 Design of fuel handling system for AHWR:

Action packages for Advance Heavy Water Reactor fuel storage and handling
System has been prepared and is being finalised. Various alternatives of layout
for fuel storage and handling system have been prepared based on concept of
fuel transportation from reactor building to outside by various methods like cask,
shuttle, inclined fuel transfer system, buggy system, etc..Design of test set-up for
integral testing of AHWR channel components has been taken up. Seal disc for
sealing plug of AHWR has been designed and the problem has been given to
RSD for stress analysis and optimisation of the design.
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REPOSITORY PROJECTS SECTION

Major Achievements

1. SITE SELECTION PROGRAMME FOR DEEP GEOLOGICAL REPOSITORY

1.1 Under Project 'Repository for Immobilised Waste Products (RIP), Phase-ll'

granites of wesrern Rajasthan and central India are being investigated for

location of a geological repository for disposal of Immobilised high level

radioactive waste. The investigations are being carried out in stages for

narrowing down the choice from thousands of square kilo meter areas to

candidate sites of 4 sq.km areas. Major progress has been achieved in JS-1

(Extension ) zone of Rajasthan where a sub-zone of about 6 sq.km has

been demarcated after extensive field and laboratory investigations

comprising geological and structural mapping on 1:1000 scale, geopgysical

surveys, trenching, sampling , shallow bore hole drilling and associated

lithological and geophysical logging. The rock mass of sub-zone is to be

further investigated up to 600m depth by deep bore hole drilling.

1.2 In central India ,in Bundelkhand granite one 100 sq.km zone was identified

by detailed field investigations and later a sub-zone of 16 sq.km was

demarcated out of it for further studies.

2. COMPUTER BASED STUDIES

2.1 A computer programme using " Boundary Element Method " has been

successfully completed to predict the distribution of ground water potential

and ground water velocity in a steady state, isotropic and homogeneous

aquifer.

2.2 Site specific data for Near Surface Radioactive Waste Disposal Facilities for

different operational and proposed sites in India was compiled for use in

safety analyses. The analysis of RSM Site, Trombay was taken up and the

analysis w.r.t. groundwater pathway has been completed.
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2.3 Preliminary Safety analysis for disposal of Beryllium has been completed.

2.4 The Seismic analysis of RCC Trenches in Near Surface Waste Disposal

System was completed using the COSMOS, Geostar.

3. GEOCHEMICAL AND HYDROGEOLOGICAL STUDIES

Under programme of solid waste disposal site and backfill material

characterisation following work was carried out:

3.1 Physico-chemical properties of number of soil / rock samples collected from

SWAMP site, RAPS were determined.

3.2 Bentonite clay samples received from NPC, Kaiga and vermiculite samples

to be used as barrier / backfill materials at waste disposal facilities were

subjected to geochemical studies viz. Cation Exchange Capacities (CEC)

and Distribution Coefficient (Kd) with respect to Caesium and Strontium.

These properties were also determined on rock samples from Kokkilimedu

area near Kalpakkam.

3.3 Chemical analysis of ground water samples drawn from the bore holes of JS

-1 zone of Rajasthan and Kokkilimedu was carried out.

3..4 Geohydrological studies were conducted at SWMF site, Kaiga using Tritium

as tracer and Rhodamine (WT) dye as flow indicator to study the rate and

direction of ground water flow during post monsoon season. Sample

counting is in progress.

3.5 Studies on sorption/desorption of Cs+ on ion exchange resin (T46H )

manufactured by Thermax, Mumbai were carried out.
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4. OTHER ACTIVITIES

4.1 Six bore holes totalling 37.9 m drillage were drilling at PREFRE Site, Tarapur

to study the contamination in the soil.

4.2 Investigations at Sp.site Nos.1 comprising drilling of bore holes, sampling ,

bore hole logging and interpretation of data continued.

4.3 At Sp. Site No. 2 investigations were completed and drilling rig withdrawn.

4.4 A report entitled 'Safety Analysis of Nuclear Waste Disposal Site, Kaiga1 was

prepared for Near Surface Radioactive Waste Disposal Facility, Kaiga.

4.5 Ninth Plan project RIP, Phase.lll at a cost of Rs.400 lakhs was submitted and

approval obtained.

5. IAEA, REGIONAL CO-ORDIANATION MEETING (RCM)

IAEA, RCM on 'Extrapolation of Short Term Observations to Time Periods

for Isolation of Long Lived Radioactive Wastes' was organised by the Section at

Homi Bhabha Centre for Science Education, Mumbai during March 30 - April 03,

1998. The meeting was attended by eleven countries.
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SPECTROSCOPY DIVISION

Major Achievements

The activities of Spectroscopy Division can be broadly categorised into (i) research in

atomic, molecular and solid state spectroscopy (ii) analysis of uranium and other

reactor grade materials for presence of trace level impurities and (iii) development of

synchrotron beam line facilities, optical instruments and devices. A brief description of

these activities carried out during 1998 is given below:

I ATOMIC SPECTROSCOPY

Electron TraDDine in Pennine TraD

An ideal case for spectroscopic investigations Would be a single particle at rest in

free space, devoid of uncontrolled perturbations and available for infinitely long

times. The use of ion traps has shown a possible way to approach this ideal

situation to a very high degree paving a way for many measurements of

fundamental importance in Physics.

To begin with, we have used a Penning trap with hyperbolic shaped electrodes

wherein a combination of electrostatic and magnetic field gives rise to quadrupole

trap (Fig.l). The ring radius of the trap is 20 mm with the upper and lower end

caps separation being ro/V2 = 14.1 mm. The lower end cap has two slits to

accommodate the tungsten filaments which on heating produces the electrons

needed for trapping. The trap was operated at a background pressure 1.5 x 10~8

mbar. Magnetic field of about 50 gauss was produced by a pair of Helmholtz

coils.

The oscillation modes of the electrons in the trap can be classified as (i) the axial

frequency a^ , (ii) the modified cyclotron frequency coc and (iii) the magnetron

frequency eom around the trap centre. Using the trap electrodes as capacitance,

the electron axial frequency was weakly excited by an external rf synthesiser. The
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trap voltage was swept from 2.5 V to 25 V (~ 125 Hz) in order to bring the axial

frequency into resonance with the tank circuit eigen frequency of 15.8 MHz. At

resonance, (lamping of the circuit gives rise to absorption signal with its amplitude

being proportional to the number of electrons trapped.

H MOLECULAR ELECTRONIC SPECTROSCOPY

The study of the electronic spectra of simple molecules and radicals was pursued in

order to unravel their structure and inner dynamics. Both conventional as well as

modern investigative procedures were employed. The salient aspects are:

i) New transition in Rare Gas Atoms

Nearly fifty new transitions in the near infrared were assigned to the first

spectra of Ne, Ar, Kr and Xe through high resolution investigation of their

emission spectra using the BOMEM Fourier transform spectrometer.

ii) Spectrum of Germanium Monosulphide (GeS)

Extensive high resolution data with complete rovibronic assignments were

generated through analysis of the A ' i l - X ! S + transition of 70GeS involving

v'=0-9 and v" = 0-17.

iii) Electronic Structure of the Antimony Monoxide (SbO) Radical

Many gaps in the existing knowledge of the antimony monoxide radical were

identified and filled. The C 2S", B 2 S + and Xj 2Um are more accurately

characterized and the C state symmetry uniquely established.

iv) Forbidden Transition in Gallium Monohydride (GaH)

The rotational intensity distribution in the a 3FJ (v = o) - X lI.+ (v = o)

intercombination band of gallium monohydride was successfully modeled

using a generalized theory developed in the course of the study.

499



v) Investigations in the Vacuum Ultraviolet (VUV) Region

The vibrational structure of the Lyman-Berge-Hopfield (forbidden) system of
1 1 "2

N2 arising from the Ml transition a Ilg -» X Eg occurring in the vuv region

was recorded on the 3 m. vuv normal incidence grating spectrograph.

vi) Theory of Mixed Double Transitions in Solid H;

Formulae were developed for the intensities of many ortho-H2, para-H2 pair

transitions in solid H2. The calculations reproduced the experimental

intensities well.

LASER SPECTROSCOPY

i) New Even Parity States of Samarium etc.

We have undertaken a systematic study of high lying energy levels of Sm

atom. The investigations are carried out by recording photoionization spectra

of Sm using the resonance ionization mass spectrometry technique with

pulsed tunable dye lasers. The spectra are recorded in the regions 520-570

nm using Coumarin 153 dye and 480-520 nm using Coumarin 307 dyes.

More than 1000 new transitions are observed by single colour multiphoton

ionization process. Two colour multi-step resonant photoionization has also

been carried out which yielded more than 200 new even parity energy levels.

They are characterised by unique assignment of their angular momentum and

precise measurement of their energies. These studies have extended the

information about high lying energy levels of Sm for which data is non-

existent in literature and is important in areas like ultra-trace detection and

isotope separation.
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IV INFRARED AND RAMAN SPECTROSCOPY

i) Raman & X-ray Diffraction Studies of Defects
in CVD Diamond Thin Films

Diamond films grown under various deposition pressures of the seed gas

(H2,CH4) using the chemical vapour deposition technique have been

characterised by Raman and x-ray diffraction (XRD) studies. The broadening

of the lines observed in the Raman spectra of the films deposited at higher

pressure could be attributed to the presence of stress in the samples. The

XRD data were interpreted to provide information regarding the domain size

and strain in the samples. The strain in samples grown at higher deposition

pressures (>60 Torr) was found to be atleast two orders of magnitude higher

than in samples grown at lower pressure.

ii) Optical Properties of Diamond like Carbon Thin Films

Amorphous diamond like carbon films have important technological

applications due to their hardness, low chemical reactivity and transparency

over a wide spectral range. Ellipsometric measurements carried out on

optically smooth coatings of DLC grown by the CVD technique were analysed

to obtain their optical constants. From these studies the optical gap was

estimated to be ~ 1.24 ev and the refractive index was found to be maximum

at ~ 600 nm while the extinction coefficient was found to be minimum at 900

nm indicating that the films are transparent above 900 nm.

ANALYTICAL SPECTROSCOPY

i) During the year Jan. 1998 to Dec. 1998 the total no. of samples analysed

were as follows:

Total no. of samples : 1281

Total no. of determinations : 7238
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The following is the break-up of samples:

Uranium metal and oxides : 594

R.E. nitrates : 323

Miscellaneous : 364

The above mentioned samples were from UMP, AFD and other units of DAE.

ii) Spectrometric Determination of Antimony and Other impurities in High Purity

Arsenic by ICP-AES Technique:

High Purity Arsenic is an important part of semiconductor technology. A

method to analyse Sb, Fe, Ni, Pb and Zn in the range of 10 ng/ml to 100

ng/ml is developed using 2 mg/ml solution of Arsenic metalloid in ICP-AES

technique. The method also can be used to analyse matrix-separated

impurities to ppb levels with the use of aqueous standards.

VI ANALYTICAL INSTRUMENTATION

An indigenously developed ICP-AES sequential monochromator system has been

installed at KARP for carrying out analysis of plutonium product from the spent

fuel. The monochromator covers a spectral range of 200 nm - 450 nm and has a

resolution of 0.02 nm. The torch and the nebuliser have also been designed and

fabricated in house. The RF power supply (1.5 KW, 27 MHz) for the plasma

torch has been made by TPPED.

A calibration plot of the rare earth elements which need to be estimated, namely

Eu, Ce, Sm, Gd and Er has been established over the concentration range 0.5 -

5.0 ng/ml. Limits of detection achieved range from 0.7 ng/ml for Eu to 20

ng/ml for Ce. These values meet the specifications fully. Scientists from FRD

and KARP also participated in the performance evaluation test.
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VH SYNCHROTRON INSTRUMENTATION

Indigenously built Seya-Namioka monochromator for the Indus-1 photophysics

beamline was assembled at BARC and tested in the uv region using Hg source.

Since the synchroton ring at CAT is yet to become operational, the

monochromator has been shifted to IUC, Indore and interfaced with a Penning

ionisation source. Spectra have been recorded down to 584 A of the He I. Thus

the performance testing of the monochromator in the entire usuable range of 500-

2000 A is now complete. The experiments also enabled us to choose certain

intense spectral lines which can be used for carrying out reflectivity experiments

on multilayer mirrors near normal incidence angles in the VUV region and also

for molecular photodissociation experiments.

OPTICS AND THIN FILMS

Thin film deposition of single layers of Cu, Si, Nb and Mo and multilayers of

Cu/Si, Nb/Si and Mo/Si have been carried out for applications as soft x-ray

mirrors using the R.F. sputtering system. Characterisation of the deposited films

by small angle x-ray reflectivity measurements indicate high quality of the single

layer coatings with very low roughness. The Cu/Si multilayer coatings have

shown Bragg peaks upto 3rd order with reflectivity of 45 % at the first Bragg

peak.

A high efficiency sharp edge all-dieelectric polarizing beam combiner has been

successfully developed, tested and used in laser isotope separation programme.

Several non-quarter wave HEBAR (High Efficiency Broad Band Antireflection)

coatings have been designed and developed in visible and near infrared region

for laser and spectroscopic experiments. To achieve index tunability by co-

deposition of coating materials in the vacuum evaporation unit VERA-902

equipped with dual EB guns, we have used special combination of binary
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composites (ZrO2 + MgO) with SiO2. The desired compositions in the films

were controlled using independent quartz crystal monitors to achieve refractive

index tunability over the extended spectral region from ultraviolet to near

infrared.

All the optical devices fabricated in the optics lab. have been fully characterised

by measuring the film thickness and optical constants using phase modulated

spectroscopic ellipsometer.
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Isoxazole

R. Venkatasubramanian and S.L.N.G. Krishnamachari

Abstract No.PC-62, Page 152

Trombay Symposium on Radiation and Photochemistry (TSRP-98), B.A.R.C.,

Mumbai, Jan. 14-19, 1998

2. Emission Spectroscopy of Certain Simple Diatomic Molecules on the BOMEM

Fourier Transform Spectrometer

A.P. Mishra, V.B. Bellary, R.J. Kshirsagar and T.K. Balasubramanian

Abstract No.UVV-5, page 63

National Seminar on Spectroscopy, Lasers and Laser Applications, Cochin

University of Science & Technology, Kochi, March 23-26, 1998

507



3. Electronic Spectrum of the SbO Radical : High Resolution Studies of the B2 S+ -

X2 Et and H 2UV2 - X
 2UV2 Transitions in 121SbO Isotopomer

Sheila Gopal, M. Singh, R. Venkatasubramanian and T.K. Balasubramanian

ibid

Abstract No.UVV-9, page 64
i

4. Study of Defects in CVD Diamond : Raman and XRD Studies

M. Pandey, R. D'Cunha, A.K. Tyagi, A.K. Sikdar and D.S. Misra

The 5th IUMRS International Conference in Asia, Bangalore, Oct. 13-16, 1998

5. Optical Properties of Diamond like Carbon Thin Films

M. Pandey, D. Bhattacharyya, Geetha R., R. D'Cunha, D.S. Patil,

K. Ramachandran and N. Venkatramani

DAE Solid State Physics Symposium, Kurukshetra, Haryana, Dec. 21-31, 1998

6. Fabrication and Characterisation of R.F. Sputtered Cu/Si Multilayers for X-ray

Mirror Applications

D. Bhattacharya, R. Chitra, Saibal Basu, N.C. Das, A.P. Roy and A. Sequeira

DAE Solid State Physics Symposium, December 27-31, 1998, Kurukshetra,

Haryana

7. High Pressure Raman Scattering Studies on Hexamethylenetetramine

Rekha Rao, T. Sakuntala, S.K. Deb, A.P. Roy, Vijayakumar, B.K. Godwal and

S.K. Sikka

DAE Solid State Physics Symposium, December 27-31, 1998, Kurukshetra,

Haryana

8. DC Electrical Conductivity of Chemical Vapour Deposited Diamond Sheets : A

Correlation with Hydrogen Content and Paramagnetic Defects

A.K. Sikder, A.P. Jacob, T. Sarda, D.S. Misra, M. Pandey, D. Kabiraj and

D.K. Avasthi

ICMCTF-98, San Diego, U.S.A.
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9. Laser Cooling and Trapping Programme in BARC

B.N. Jagatap, S.A. Ahmad, U.K. Chatterjee and A.P. Roy

Seminar on Physics with Cooled and Trapped Atoms and Ions, BARC, Mumbai,

March 5-6, 1998, page 7

10. Design and Development of a RF Quadrupole Ion Trap for Laser Spectroscopic

Studies

G.K. Bhowmick, K. Bandopadhyay, A.K. Sinha and S.A. Ahmad

ibid, page 15

11. Design and Fabrication of a Quartz Cell for Laser Cooling and Trapping of Atoms

M.R. Joshi, B.S. Shidruk, G.P. Kothiyal, B.N. Jagatap, S.G. Nakhate,

A. Venugopalan and S.A. Ahmad

ibid, page 18

12. Design and Characterisation of the Spherical Quadrupole Field for Magneto-optic

Trap

K.G. Manohar, S.G. Nakhate, B.N. Jagatap, S.A. Ahmad and R.C. Sethi

ibid, page 19

13. Design and Development of a Magneto-optic Trap

S.G. Nakhate, K.G. Manohar, A.P. Marathe, B.N. Jagatap and S.A. Ahmad

ibid, page 22

14. Setting up of the Ion-Trap Facility for High Precision Laser Spectroscopic Studies

Pushpa M. Rao, S.G. Nakhate, R. D'Souza, B.K. Ankush and S.A. Ahmad

ibid, page 26
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15. Special Hollow Cathode Discharge Lamp for High Resolution Emission

Spectroscopy of Radioactive Elements

S.G. Nakhate, A.P. Marathe, B.K. Ankush, A. Venugopalan, B.N. Jagatap,

L.M. Gantayet, S.A. Ahmad, U.K. Chatterjee and A.P. Roy

National Seminar on Spectroscopy, Lasers and Laser Applications, Cochin

University of Science and Technology, Kochi, March 23-26, 1998, page 47

16. Hyperfine Structure of 5915 A Line of 233U by High Resolution Emission

Spectroscopy using Recording Fabry Perot Optical Spectrometer

A. Marathe, A. Venugopalan, S.G. Nakhate, B.K. Ankush, A.B. Patwardhan,

B.N. Jagatap, A. Ramanujam, L.M. Gantayet, S.A. Ahmad, U.K. Chatterjee and

A.P. Roy

ibid, page 77

17. Studies on Photofragmentation Dynamics of CFC's using Photoelectron-Photoion

and Photon Photoion Coincidence Techniques

B.N. Rajasekhar and P. Meenakshi Raja Rao

India-Italy Workshop on Utilisation of Synchrotron Radiation from Elettra

SINP, Calcutta, Nov. 10-13, 1998

18. Spectroscopy Beamlines at Indus-1

P. Meenakshi Raja Rao (invited talk)

XII National Conference on Atomic and Molecular Physics

M.L. Sukhada University, Udaipur, Dec. 29, 1998 - Jan. 2, 1999
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TECHNICAL PHYSICS &
PROTOTYPE ENGINEERING DIVISION

Major Achievements

1. Development of Precision DC & RF Power Sources and Weak Signal
Recovery Instruments.

A compact RF Generator (2.0KW at 27.12 MHz) with ± 0.1% power stability, alongwith
an impedance matching unit was fabricated and tested for use with a torch assembly and
nebuliser of an inductively coupled plasma (ICP) source. Through a collaborative effort with
Fuel Reprocessing Division and Spectroscopy Division, torch assembly etc. have been
housed in a glove box and integrated with Atomic Emission Spectrometer(AES). The
complete ICP-AES system has been installed and commissioned at KARP Laboratory
Kalpakkam. Preliminary results with five rare earth material samples are extremely
encouraging.

An a.c. power supply delivering 5K.V p.p. at 3.3KHz and lOOHz has been developed
against requirements from Radiation Standards & Instrumentation Division BARC for
electro-chemical etching of CR-39 detectors.

A precision magnet current regularator (100A at 40 V ) with 50 ppm stability was
fabricated and tested. It will be delivered to Calicut University, Kerala for use with an
analysing/ bending magnet in an accelerator system. A 500A, 75V (30 ppm stability)
magnet current regulator designed for FOTIA Project is also nearing completion.

An advanced synchrohet lock-in amplifier with 10 nanovolt sensitivity was developed and
delivered to Radio Chemistry Division, BARC for signal detection in photo-acoustic
spectrometer. A variable speed light chopper with digital display of frequency was
fabricated and delivered to MDRS, BARC for certain experiments. A dual beam
chopper has also been developed for ratiometric experiments as required by Laser &
Plasma Technology Division.

2. Progress Relating to Vacuum Measurement and Control Instruments

Six microprocessor based autoranging ionisation gauge control units were fabricated and
delivered to various users in BARC and DAE. The units have been made using a compact
mother board design and indigenous relays in novel configuration. A printer interface is also
being developed to record pressure vs time as required by some users.

Twelve sputter ion pump control units were fabricated and supplied to various users in
BARC. These are based on leakage reactance transformer principle, and provide 6.2KV
open circuit output voltage and short circuit current of 200mA to 1000mA depending upon
the pump speed viz. 70L/sec to 500L/sec .Also three compact sputter ion pump control units
based on SMPS technique with 6.2KV open circuit output voltage and 100mA short circuit
current were fabricated for use with 35L/sec pumps being used in some of our analytical
instruments.
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3. Work Related to Mass Spectrometers for Nuclear Materials Analyses:

TPPED is building a Li/B mass spectrometer for use by the Chemical Engineering
Division. After careful evaluation of most of the subassemblies the complete Li/B mass
spectrometer has been integrated. A new facility which has been incorporated in this machine
is in-situ calibration of ion current amplifiers. This machine is now undergoing evaluation.

A needle valve based compact sample inlet system has been developed for use with D/H
mass spectrometers. This improvement should help minimize the problems associated with
"memory" in such machines. Performance of the inlet system is being evaluated and initial
tests show an improvement over the capillary based inlet systems, currently in use in D/H
machines installed at Heavy Water plants.

To improve the external reproducibility for sample analysis with Thermal Ionization Mass
Spectrometer (TIMS-3) which has been made for KARP, Kalpakkam, a number of
improvements were made. These include a more flexible ion source potential unit, superior
filament current regulator, better ion current amplifier card etc. Experiments with different
filament assembly geometries as well as with glass bead assemblies have also been
performed. Magnet has been relocated in symmetrical position. Apart from better stability
filament current regulator, PC control has been incorporated for filament heating as well as
scanning of ion accelerating voltage. The new ion source potential unit enables continuous
voltage variations and monitoring of voltages on almost all the electrodes in the ion source.
Analysis with different samples carried out after the above changes shows that though some
improvements have been observed, further investigations are necessary to enhance external
reproducibility to the level desired by the users.

The detection capability of indigenous Inductively Coupled Plasma Source Mass
Spectrometer (ICP-MS) has been improved to 10 ppb level for Indium and Silver samples,
using modified pluming, cone flange and apertures. The second stage of vacuum chamber
has been improved by installing a new diff-stack pump with Poly-phenyl Ether oil. Also the
inductance coil assembly and impedance matching circuit have been re-engineered to give
reliable performance. Experiments are being continued to improve detection limit and
reproductibility. As a further effort at indegenisation, a 16mm rod diameter based quadrupole
mass spectrometer has been fabricated. It has been mounted in an auxiliary vacuum system,
along with electron impact source, to test its performance.

4. Development of Data Systems for Analytical Instruments :

PC compatible interface cards and software have been developed, for control, data
acquisition and processing applications pertinent to different types of Mass spectrometers.
These include-
(i) Data acquisition cards with 16 bit resolution data converters,
(ii) Ratiometric frequency measurement circuit for 6 input channels with varying

intergration times from 200n sec to 7 minutes,
(iii) Magnet current / ion acceleratring voltage scanning cards,
(iv) Software upgradation for sample analysis in D/H mass spectrometer
The upgraded software and hardware has also been incorporated in previously installed mass
specterometers, namely, Thermal Ionisation Mass Spectrometer 1 &2 which were given to
RMP Mysore & AFFF Tarapur, respectively.
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5. Progress Related to Synchrotron & Surface Analytical Instruments :

Development of Systems to be Used with Synchrotron Sources :

A 100mm mean diameter hemisherical electrostatic analyser along with the input lens on
the goniometer was assembled . The goniometer control by PC was tested, and an UHV set
up for housing the system was also assembled. It includes in-house developed triode sputter
ion pump of 500 litres/second pumping speed. A vacuum of 2 x 10*9 Torr was realized. A
sample preparation chamber was also fabricated and integrated with the vacuum system.
Electronic console consisting of the vacuum controls, LEED-AUGER and ion etching gun
systems controls, temperature indicators has also been assembled. This set up is meant for
use on Indus-I.

Also for use on Indus-I beamline for photoabsorption spectroscopy studies, the grating
and mirror sub-assembly components for the SX-700 type plane grating monochromator
were fabricated in the Central Workshops. The frame to mount the assemblies is partially
finished. The focusing mirror chamber, the monochromator chamber and the experimental
chamber were fabricated and helium leak tested. Work on rectifying minor leaks of the order
of 10 "* torr is in hand. The designs of the externally adjustable focussing mirror mount,
chamber mounts and the drive mechanism for the grating and plane mirror were completed in
collaboration with the Central Workshops. The design of the high precision sample
manipulator was completed.

The influence of geometrical shape errors and the surface errors of the optical components
on the performance of this beamline has also been studied through simulation. The optical
surface errors were modelled as errors superimposed on an ideal surface, and in turn
integrated with the ray-tracing program SHADOW. It was found that for errors > 2 arc-sec,
the distribution of energy over exit slit width of 10 um becomes flat and the least-square-
fitting to a normal distribution is poor. This calculation provides us an upper limit on the
surface errors that can be tolerated.

High Resolution Electron/ion Optical System for the study and testing of electron/ion
optical components and also for the study of electron-molecule interactions was fabricated
and assembled. The preliminary vacuum achieved is in the range of 10"8 Torr. An electron
gun being developed for the Institute of Physics, Bhuwaneshwar was subject to preliminary
tests in this system.

Preliminary design of a double crystal monochromator for use in a beamline on INDUS-
2 for Photo-electron Spectroscopy Studies has been worked out.

UHV Component Development:

Development of triode sputter ion pumps of 500 litres/second pumping speed was
completed and two prototypes were produced. An ultimate vacuum of 5 x 10"'° Torr was
realized in the test set-up. In all twelve pumps of various capacities ranging from 35 to 500
litres/second were produced and out of which six have been supplied to users in the Centre.
Four Titanium sublimation pumps were also produced and supplied to Nuclear Physics
Division. A prototype of the redesigned vacuum system for the Hydrogen detection for use in
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breeder reactors was tested and supplied to IGCAR Kalpakkam and is in operation with
satisfactory performance.

6. Development of Catalyst for Hydrogen Mitigation and Gas Sensors

As a part of a collaborative programme .with Reactor Engg. Division (towards devising
safety systems to prevent hydrogen fire) sputter deposited Pt/Pd thin films have been
developed to serve as a catalyst for hydrogen mitigation. The films are deposited on stainless
steel precoated with alumina. Initial results on the stability of the films at elevated
temperatures and effectiveness to safely handle hydrogen upto 8% (by volume) are
encouraging . More extensive tests are under way.

The catalytic type H2 gas sensors have also been developed which exhibit linear response
up to 10% hydrogen concentration. Their long term stability is being studied. The results of
field trials for the H2S gas sensors which we had developed and installed at HWP, Manuguru
have been very encouraging. Some more sensors have been installed at Kota and Manuguru
Heavy Water Plants to further study their response and long term stability under field
conditions.

7. Activities Relating to Technology for Growth <& Use of Single Crystals

CdWO4 (CWO) Scintillators

The purpose of growing single crystals of CWO is to use them for radiation (X/gamma-
ray) detection. One of the major problem relating to the growth of defect free crystals is the
presence of a core like defect. The effect of composition of the starting charge (used for
growth) on the crystalline perfection, optical properties, thermoluminescence and radiation
hardness of the crystals has been extensively investigated. The loss of CdO by evaporation,
which makes the melt progressively rich in WO3, has been found to be the main cause of
core formation. Crystals grown from starting charge containing ~53 mole% CdO exhibit
excellent optical transmission, high radiation hardness towards gamma rays and extremely
weak thermoluminescence emission. For stoichiometric crystals only one glow peak around
140°C is observed in the TL glow curve. Minute stoichiometric deviations shift the glow
peak temperature towards higher temperature side and increase the TL output considerably.
Further, stoichiometric crystals are found not to develop coloration for gamma exposure of
10 Mrad. The temperature dependence of the scintillation emission was also studied from the
point of view of the application of the crystals in Industrial Computer Tomography and
Dosimetry. The temperature coefficient obtained is 0.3% deg*1.

Characterization of BaB2C>4 Crystals

Earlier we had grown these crystals by Top Seeded Solution Growth Technique using
Na2O as a flux. We have found that crystals exhibiting high transparency and absence of
inclusions, do contain sodium contamination in the range 150 to 230 ppm. The effect of this
contamination on some crystal properties of interest has also been investigated. The presence
of impurity causes optical absorption below 550 nm in crystals of both a and (J-phases. X-ray
photon emission spectroscopy measurements performed on these crystals showed that sodium
impurity produces measurable shift in the electron binding energies of the constituent ions.
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Also we found out that sodium ions enter lattice substitutionally and provide charge tapping
sites close to the band edge.

Production and Supply of Crystals

A large number of crystals of different alkali halides and alkaline earth fluorides were
grown and supplied as transmitting windows for Laser and Spectroscopy work, substrates for
the thin film deposition and radiation dosimetry. In addtion some of the Bi4Ge3Oi2 and
CdWC>4 crystals were grown, processed and delivered for the ICT work, which has been
undertaken by DRDO.

8. Developments Relating to Glasses & Ceramics Technology

Work on G/M Seals, Vacuum Gauges, Flash Lamps

For the fabrication of compression type glass to metal seals for HWPs, in-house synthesis
of the lead silicate glass powder was carried out. The synthesized material was characterized
by numerous methods, such as, corrosion resistance, micro hardness and Si Magic Angle
Spinning NMR studies etc. The Investigations were carried out to achieve improved surface
finish for the magnesium alumino silicate glass ceramic through the modification of the
powder synthesis process. High transmission arsenic chalcogenide (As2S3Se3-x, x=0.3) glass
windows (for application in 1.5 -12 um spectral range) were prepared and characterized. The
production of xenon flash lamps for laser program, BA gauges for UHV applications and
glass to metal seals of different types were produced in large number for users in DAE. A few
HMC packages were fabricated for Department of Space and given for comprehensive testing
to ISRO. Know how for the regular production of Na and Hg hollow cathode lamps was
transferred to ECIL.

Direct Reading Dosimeters

The task of developing direct reading dosimeters, with dose ranging over 0-500 mR, was
successfully tackled. The use of a proper insulator and improved sealing procedures, have
led to leakage rates less than 1% per day for the 500 mR range dosimeters.

9. Work Pertaining to Development of Silicon Based Nuclear Radiation
Detectors

Number of Si(Li) detectors of 3 mm thick were fabricated and tested for their response
to a and p radiation at room temperature. The development work on silicon surface barrier
detectors of various types and sizes was continued. Ion-implanted detectors of varying sizes
were fabricated. Depending upon the area, these showed energy resolution in the range 25-
70 keV for 5.48 MeV a particles. The long term performance and stability of the detectors
developed is being investigated. Some detectors USed in experiments with PELLETRON
accelerator have shown satisfactory performance
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10. Work Relating to Superconductivity Research & Applications

Basic Research Pertaining to Superconductivity

At suitable H-T values, in general, vortices in high temperature superconductors, have been
predicted to undergo a phase transition from vortex glass state to vortex liquid state. In order
to investigate this behaviour, I-V measurements were performed on YBaCuO thin films
deposited on Sr Ti O3 substrates by laser ablation. Measurements were made using pulsed
currents as a function of temperature, at different applied magnetic fields (with current
normal to field direction) and different angles between field and ab-plane. The results
confirm the existence of vortex glass transition at all angles, and critical exponents are found
to be independent of field and angle. Angular and field dependence of glass transition
temperature and scaling behaviour are found to be in agreement with Ginzberg Landau theory
for 3D anisotropic superconductors.

The effect of disorder on flux line lattice (FLL) under different magnetic histories, and
peak effect anomaly in various weakly pinned superconductors was extensively investigated.
The influence of different types of barriers on magnetization relaxation has also been studied.

Superconducting High Gradient Magnetic Separator

This facility had been extensively used in the past in collaborative actvity with Ore
Dressing Section, to conduct experiments for separating various mixtures of magnetic and
non-magnetic minerals. This year it was extended to RRL, Trivandrum for work on the
removal of magnetic impurities from china clay samples. As the present facility is incapable
of handling the samples continuously (ie without switching off the suoperconducting
magnet), modifications have been incorporated, based on a reciprocating canister
arrangement, to facilitate continuous mode of operation. This modified set up is undergoing
tests.

Instrument Development for Superconductivity Related Activities

A facility for testing the current carrying capacity of NbTi cables is being set up. A
superconducting magnet capable of giving fields upto 6Tesla has been wound and together
with other accessories mounted for immersion in a 30 litre liquid helium dewar. This setup
is close to completion. A suitable software to actuate different controls is under development
and automation of this equipment is in progress. In addition a variable temperature insert
has been developed to carryout magneto-resistance measurements. The development of a
SQUID based magnetometer which will enable measurements up to 1000 Oe and overcomes
the problem of remnant magnetic field encountered with an existing SQUID magnetometer
was undertaken. The sample chamber, solenoid magnet and the pickup coils for the system
were assembled. The testing of pickup coil for flux-locked condition was done.

11. Electronic Structure Calculations

A first principle route to derive the configurational thermodynamics of binary alloys was
worked out by amalgamating local density electronic structure calculations with some mean
field statistical mechanics model for free energy. Using this approach, the phase stability,
effective pair interactions, order-disorder transformations and configurational
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thermodynamics of Ni-Mo alloys was investigated. In order to understand the origin of
RKKY type of oscillations in the giant maneto-resistance exhibited by Ni/Cu (100)
multilayers, self consistent spin-polarized energy band calculations were performed. In
addition calculations were done for the electronic and magnetic structures of Fe over-layers
on Ag (100) surface using the augmented recursion method. The method takes into account
the surface roughness, short-ranged clustering effects, surface dilatation and inter-diffusion.

12. Work Related to Mechanical Fabrication and Assembly.

During the year, manufacturing support was provided for building sub-systems of various
ultra high vacuum based analytical instruments required for DAE programmes. The
development, standardization and prototype manufacture of ultra high vacuum components
were continued. Job shop help was given to various divisions in manufacturing critical
components.

Sub-systems for Process Gas Mass Spectrometers for isotopic analysis of uranium and
lithium and inductively coupled mass spectrometer were fabricated. Housing chambers for
High Resolution Electron Optical spectrometer and hydrogen detection system were
fabricated. Other major components manufactured include : simplified sample loading
arrangement for total gas analyzer for AFFF, Tarapur, layout planning and execution of pipe
lines for tapping of LN2 from delivery van to the containers, replacement of valve parts for
liquid helium cryostat, reciprocating canister assembly for HGMS, heat exchangers for
crystal growing furnace, conductivity probes, hydrogen gas sensors, etc.

Prototypes of various triode sputter ion pumps were fabricated. Reconditioning of
electrode assemblies of imported pumps of HWP(K) was done. NW 63 Bellows sealed gate
valves were fabricated for accelerator programme. OFHC copper gaskets were supplied to
various users.

Documentation of technologies for high vacuum valves and UHV compatible motion
feedthroughs has been completed. Help was given to Spectroscopy, Chemistry, Material
Science and Laser and Plasma Technology Divisions for doing TIG welding of sophisticated
components. "v

• Papers published in Journals and Books:

1. Effect of sodium doping on thermoluminescence and optical properties of barium borate
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Sawant, A K Sinha and G P Kothiyal, Bull. Mater. Sci. 21,493 (1998).

23. Synthesis and charcterisation of lead silicate glass, V K Shrikhande, T Mirza, G P
Kothiyal, K P Muthe, B B Sawant, P V Ravindran and V C Sahni, Ind. J Pure & Appl.
Phys.,36,449(1998).

24. Indigenous development of Bayard Alpert Gauge Controller for measurement of vacuum.
M K V Rao, M Gopalkrishana, and A N Garud., Bulletin of Indian Vacuum Society
Vol.29, No. 2, p 21-23 (1998).

• Papers presented in national/international conferences

1. GMR in Ni/Cu multilayers: An electronic structure study, S.K. Ghosh, H.G. Salunke,
G.P. Das, A.K. Grover and M.K. Totlani, presented in Fifth IUMRS International
Conference in Asia, Bangalore, India,October 1998.

2. First-principles electronic structure investigation of rare earth silicides, A. Arya, G.P.
Das, B.R. Sahu and P.V. Panat, presented in Fifth IUMRS International Conference in
Asia, Bangalore, India,October 1998.

3. Phase stability of Ni-Mo intermetallic compounds: A study using FP-LAPW method, A.
Arya, S. Banerjee and G.P. Das, presented in DAE Solid State Physics Symposium,
Kurukshetra, December 1998.

4. GMR in Ni/Cu(100) multilayers, H.G. Salunke, G.P. Das, S.K. Ghosh, A.K. Grover and
M.K. Totlani, presented in DAE Solid State Physics Symposium, Kurukshetra, December
1998.

5. "First-principles electronic structure investigation of rare earth silicides", A. Arya, G.P.
Das, B.R. Sahu and P.V. Panat, presented in Fifth IUMRS International Conference in
Asia, Bangalore, India,October 1998.

6. Micro hardness measurement on lead silicate glass, V K Shrihkhande, T Mirza, B B
Sawant, AK Sinha and G P Kothiyal, presented at the Ninth Annual Meeting of MRSI at
HT Madras during Feb 11-13,1998.

7. Design and fabrication of a quartz cell for laser cooling and trapping of atoms, M P Joshi,
B S Shidruk, G P Kothiyal, B N Jagtap, S G Nakhate. A Venugopal, and S A Ahmad,
presented at the Seminar on Physics with Cooled and Trapped Atoms and Ions, March 5 -
6,1998, BARC.

8. Preparation and characterisation of arsenic chalcogenide glass windows, G P Kothiyal, P
A Wagh, S M Shafi and A K Sinha., International conference IUMRS-ICA98, held at
Bangalore, during Oct 13-16,1998.

9. Corrosiion studies in lead silicate glass for compression type GM seal, G P Kothiyal, V K
Shrikhande, T Mirza, V C Sahni, S V Phadnis and M K Todani., International conference
IUMRS-ICA98, held at Bangalore, during Oct 13-16,1998.

10. Preparation and charcterisation of arsenic chalcogenide glass windows, G P Kothiyal, P A
Wagh, S M Shafi, A K Sinha,, IUMRSJSA 98 (Bangalore), Oct 13-16,1998 p 18

11. NMR studies on lead silicate glasses containing alkali metal oxides, V K Shrikhande, V
Sudarshan, G P Kothiyal and S K Kulshreshtha, DAE SSP symposium, Kurukshetra, Dec
27-31,1998, pl5.
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12. Development of direct reading dosimeters for the dose 0-3 mSv and 0-5 mSy ranges for
personnel monitoring, P V Gaikwad, Y B Sirkar, A S Patil, P P Madgaonkar, K L Kale, H
V Guhagarkar, D P Gandhi, S K Gupta, G P Kothiyal and V C Sahni, INSAC - 98,
Mumbai, ppl6-17.

13. Annular Ionization detector for back angle guasielastic and transfer reaction studies, B V
Dinesh, R V Srikantiah, and R K Choudhary, Proc. DAE Symposium or Nuclear Physics
Vol. 418(1998)408.

14. Thick film catalytic pellistor sensor for H2 concentration measurement, V R Katti, A K
Debnath, S C Gadkari, S K Gupta and V C Sahni, DAE SSP symposium, Kurukshetra,
Dec 27-31,1998.

15. Effect of surface slope errors of ellipsoidal mirror on the resolution of the PGM beamline
at Indus-1, M R Singh, R Mukund and V C Sahni, DAE SSP symposium, Kurukshetra,
Dec 27-31,1998.

16. Angular dependence of vortex glass transition in YbaCuO thin films, Shashwati Sen, S K
Gupta, J C Vyas, R Pinto and V C Sahni, DAE SSP symposium, Kurukshetra, Dec 27-31,
1998.
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TECHNICAL SERVICES DIVISION

Major Achievements

1 important Projects x

Technical Services Division continued to handle all the
utility services for providing technical support to the ft&D
activities, which comprises of operation and maintenance of
services besides handling the now assignments pertaining to
electrical and mechanical services for the Upcoming projects
under IX Plan.

Apart from taking Up the wotk for new IK Plan projects, TSD
has. also undertaken major work for augmentation and upgradation
of inhouse services for BAItC to be completed Under IX plan.
Salient features for some of the main projects are given below.

* Upgradation of services maintained by TBtJ -

This is a major upgradation programme which involves
augmenting the capacity of central ' airoohditioning plant by
inducting 1 No, 850 Tit water chilling machine» Upgradation of
major electrical works at CAP, electrical substations* centra-
lised supervisory control system (BCAbA) for subtttatibns* inter-
connection of South and North Site substations* Upgradation of
South Site service water lines etc. Works are already commenced.

* Providing of services for the new BARC Projects -

New major projects under XX Plan include Critical Facility
for AHWn ft BOO MWe PHWRs, Purnima 4 facility/ FOtflA Utilisation,
RLO expansion project/ PRAFPUL Project South Site* New Computa-
tion Facility/ Mod. Labs, POTON Project, Naaik, BCB Facility etc.
Works for providing the electrical 6 mechanical Utility services
for thede new projects have also been commenced»

2 Energy Conservation l

TSD continued with its energy conservation programme. Power
factor improvement with the installation of capacitor banks at
substations/ energy efficient illumination systems and
optimal operation of CAP machinee and substation equipment* ren-
dered considerable power saving.

3 O&M utility network j.,

T80 continued to provide O&M services for Various infras-
tructure! utilities of this centre comprising of electrical
power, airconditioning and process cooling, ventilation, water
supply, steam supply, fire hydrants, lifts, bO sets, EOT cranes
etc.
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TECHNOLOGY TRANSFER &
COLLABORATION DIVISION

Major Achievements

1.0 Technology Transfer, Sale of Products & Consultancy Services :

1.1 The technology for 8 K MCA-PCA-95 card developed by BARC was
transferred to M/s Nucleonix Pvt. Ltd., Hyderabad.

1.2 A MoU was signed between BARC & Mathadi Hospital (Trust), Mumbai,
for adaptation of a software technology on "Hospital Information
Management System (HIMS)".

1.3 Agreement to transfer technology of "Video Frame Buffer PC Add-On-
Card with associated software" to M/s Digital Integrator Pvt. Ltd., Indore,
has been finalised.

1.4 Agreement of technology transfer for "100 MSPS Waveform Digitizer
Add-on-Card with associated software" with M/s Applied Digital
Microsystem Pvt. Ltd., Mumbai was to be signed shortly.

1.5 A technology transfer agreement for ZrO2 and ZrOCb production to a
Hyderabad party was being finalised.

1.6 A MoU for setting up a Tantalum extraction plant with M/s Prime CAE Pvt.
Ltd., Delhi was being finalised.

1.7 A MoU was singed between BARC and M/s Shashwati Plastics, Mysore,
for technology transfer for manufacturing of TLD badges for personnel
monitoring.

1.8 A technology has been developed by BARC for the production of Yttrium
Vanadate (Europium activated) Phosphor for use in the High-Pressure-
Mercury-Vapour-Lamp and Metal-halide-lamp industry. Parties, who
requested for the technology, are being evaluated.

1.9 A "Lascan Dia Gauge" technology has been developed by BARC for
measurement of shaft diameters using a laser beam. Parties, who requested
for the technology, are being evaluated.

1.10 A MoU between BARC and M/s TAS Engg. Co., for design consultancy
and technical back-up for setting up of large sized desalination plants is
expected to be signed soon.
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1.11 A MoU between BARC and M/s Bloom Packaging Pvt. Ltd., Mumbai for
trouble shooting, technical consultancy and upgradation of fluorine cell in
their plant, is to be signed shortly.

1.12 A MoU between BARC and the Diamond and Gem Development
Corporation, Mumbai, for the development of diamond polishing scaives
(presently being imported) used in the diamond cutting and polishing
industry, is expected to be signed soon.

1.13 BARC is developing ISI equipment for Moderator Heat Exchanger and
RAPS type steam generator, on request from NPCDL

1.14 BARC supplied second lot of 500 Thoria buttons to General Electric, USA.

1.15 Bulk reagents for Radioimmunoassay (RIA) were supplied to EGYPT .

1.16 BARC supplied liquid injection system and gas apparatus for radio-tracer
experiments to Bangladesh.

1.17 BARC supplied TLD Badges with provision of TLD badge reader services
to Saudi Arabia.

1.18 BARC continued to supply Gamma-Camera-Interface-Cards to Latin
American, Asian & African countries through IAEA.

1.19 TLD ATE software for age estimation of ancient samples was being
supplied to Hong-Kong University.

2.0 National Collaborations:

2.1 A MoU was signed between BARC and Anthropological Survey of India;
regarding collaborative studies on genetic variations and DNA
polymorphism.

2.2 A MoU was signed between BARC, SAMEER and DOE, for scientific
collaboration and to jointly develop Industry Interface Institution at Belapur,
Navi Mumbai.

2.3 A MoU was signed between Bio_Sciences Group, BARC and Shri J.B.
Gunde, a farmer from Kolhapur for breeder groundnut seed production.

2.4 A MoU was signed between Bio-Sciences Group, BARC and University of
Agricultural Sciences, Dharwad, for collaborative R & D work on plant
breeding, crop protection and bio-technology.
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2.5 A MoU was signed between BARC and CEERI, Pillani, for scientific
collaboration for development of silicon microstrip detectors and design of
IC»/LSIC for associated reading electronics.

2.6 A MoU between BARC and IRE, for the development of a modified process
for production of ammonium diuranate cake of acceptable quality, is to be
signed shortly.

2.7 MoUs between BARC and a) Mahatma Phule Krishi Vidyapeeth, Rahuri
(MS) and b) Konkan Krishi Vidyapeeth, Dapoli(MS), for the use of
radiation and radioisotopes in agriculture is to be signed shortly.

2.8 A MoU to initiate a "DAE-IIT Kanpur scheme for M.Tech. Nuclear
Engineering & Technology" is to be signed shortly.

3.0 International Collaborations:

3.1 All follow-up actions for various projects under Indo-German and other
schemes were taken.

4.0 Patenting/Copyright Activity

4.1 Following patents filed with the Patent Office, Mumbai have been granted
after examination and acceptance:
a) A process for the synthesis of 5,10,15,20 - tetrakis [3,4-bis

(carboxymethyleneoxy)phenyl] porphyrin from 3,4 -di
(carboethoxymethyleneoxy) benzaldehyde for detection/treatment of
tumours [ India Patent No. 180992, jointly with IIT, Powai]

b) A process for the synthesis of 5,10,15,20 - tetrakis [3,4 - bis
(carboxymethyleneoxy) phenyl] chlorin from 5,10,15,20 - tetrakis [
3,4 -bis (carboethyoxymethyleneoxy) phenyl] porphyrin for
detection/treatment of tumours . [Indian patent no. 180480, jointly
with DT, Powai].

c) A process for the preparation of an aqueous emulsion pressure
sensitive adhesive [Indian Patent no. 181789].

4.2 Following patents were filed with the Patent Office, Mumbai:
a) A process for the prepration of an immuno-modulator from Ayurvedic

Medicinal Plant, Gulvel .(App. No. 57/BOM/98, dated 29.1.98)
b) A process for the prepration of Activated Titanium Reagents (App. No.

56/BOM/98 dated 29.1.98).
c) A method of preparing a mechanically strong hydrophillic polyvinyl

alcohol hydrogel. (Appl. No. 456/BOM/98 dated 15.7.98).
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4.3 Following copyright applications filed with the Registrar of copyrights have
been registered:
a) Acquisition, Disply & Analysis of Gamma Spectra Software Package

(Regn. No. L-17559/98)
b) Algorithms & Software Package for Mini/Micro Stepping Control of

Stepper Motor (Regn. No. L-17595/98)
c) 100 MSPS Transient/Waveform Digitizer Software Package (Regn.

No. L-17485/98).

5.0 Exhibitions

5.1 To commemorate the "Golden Jubilee of AEC" technology exhibitions were
arranged at Central Complex and Dhruva.

5.2 As part of the Grand flhale of the Golden Jubilee Celebrations of the Indian
Independence, a DAE pavilion was set up in an exhibition called
1AGRASAR' at New Delhi.

5.3 BARC website has been created.

5 25



THEORETICAL PHYSICS DIVISION

Major Achievements

Theoretical Physics Division is engaged in the physics

problems of reactor design, safety and operation. It also studies

new concepts of energy generation like accelerator driven

subcritical assemblies, optimum use of fissile nuclei for thorium

utilisation etc. In addition it carries out research in many

frontline areas of physics and applied mathematics, such as

transport theory, radiation hydodynamics, non-linear equations,

numerical methods, classical and quantum chaos, and quantum

optics.

A new simulator code has been developed for providing fuel

management service to Boiling Water Reactors at Tarapur. The

physics model of earlier simulator COMETG involved only one group

parameters "the multiplication factor k-infinity" and migration

area M2. These parameters, for various fuel assemblies were

fitted as functions of exposure, void fraction, control, void

history and control history. This simulator worked well when all

fuel assemblies used only low enrichment uranium fuel.

Introduction of mixed oxide fuel in Tarapur reactors has

necessitated development of many new neutronics codes. The

physics model of the new simulator is based on multigroup

diffusion theory in both core and reflector. The multigroup

parameters are obtained by a highly refined 2 dimensional

transport theory code LWRBOX. Other modules of the simulator are

also being improved. These include those related to the

interpretation of travelling incore probe (TIP) measurements.

For Pressurised Heavy Water Reactors, studies were

conducted for the first approach to criticality for RAFS-2

reactor after a long shut down as a result of replacement of

coolant channels.
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These include simulations for phase-B experiments and evaluation
of photoneutron source distribution taking into account new
thorium bundles' loading. For Kaiga- 1 & 2 reactors, reactivity

devices were simulated for various fuel burn up and cold and hot

core conditions. Physics design manual for Kaiga-1 & 2,

preliminary safety analysis report for RAPF-3 & 4 were reviewed.

A core model based on modal kinetics method was developed for

real time reactor simulator for 220 MWe FHWRs, to be used for

training purpose. Design of -AHWR/PHWR critical facility was

worked out, especially for studying physics of 500 MWe PHWR

lattices.

Studies on efficient numerical methods used for the

solution of neutron diffusion and transport equations have been

started. A three dimensional time dependent diffusion theory code

3D-FAST was modified to incorporate fully implicit method. A

number of conjugate gradient-like methods, with different pre-

conditioners, are coming up for the fast solution of large number

of coupled algebraic equations that result from discretisation of

the diffusion equation. These methods are suitable for vector and

parallel processing. One such method using stabilised

biconjugate method along with incomplete LU decompoition has been

introduced in 3DFAST. The code has been validated for a 3-D

kinetics CANDU-PHWR benchmark. Other pre-conditioners are being

incorporated in the code.

The subject of neutron transport forms the basis of all

reactor design calculations. Theoretical Physics Division has a

strong group which carries out research in this area. It is well

known that the spherical harmonics expansion method does not

yield accurate numerical solution for solving neutron transport

problems in spherical geometry. This is despite the fact that it

yields closed form analytical expression for these solutions,

with only expansion coefficients to be determined numerically.

Reasons for this failure have been identified. It is found that

the errors produced by the use of recursion relations for

evaluating certain polynomials are amplified by the Bessel

functions occuring in these expressions.
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The concept of enegy production from sub-critical

assemblies, using spoliation neutrons from Lead (Pb) target

bombarded by high energy proton beams, is being studied. A new

concept of coupled fast and thermal sub-critical assembiles is

being examined. This concept was earlier studied in 2-group

diffusion model. Work is in progress to examine the system with

multi-group transport theory.

Artiicial Neural networks (ANN) have found use in a variety

of situations. BACKPROP is one such network developed in the

Division. An interesting application of it was demonstrated in

getting a generalised fit to Rosseland opacity data of gold which

is a commonly used high- . Z material in laser-plasma interaction

studies. The large variations ( of 7 orders of magnitude) and

irregular oscillations of the opacity as a function of

temperature and density of the gold plasma were successfully

learnt by BACKPROP. This study underlines potential applications

of such techniques in finding numerical fits of highly irregular

and oscillating numbers.

The main thrust of work in this area has been to investigate

nonlinear optical properties of laser-cooled trapped atoms. The

optical properties of a system of atom is determined by by the

dynamics of the electronic transitions in atoms caused by a light

field. That dynamics may be significantly influenced by the

motion of atoms. Whereas there has been some work on the

influence of the motion of laser-cooled trapped atoms on the

linear response of an atom to an applied field, there is

practically no study of the non-linear response of such a system.

The said atomic motion has been shown to strengthen some non-

linear processes like the four-wave mixing. The dependence of

that process on various trapping potential parameters have been

investigated in details. Investigation of many other non-linear

optical processed is.planned.
r i

The studies mentioned above are concerned with the effect of

the motion of a trapped atom on the field interacting with its
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interval electronic transitions!. The .said electronic

transitions, however, also influences the atomic motion. The

work on exploiting that influence to prepare desired atomic

states, particularly the ones having non-classical

characteristics, are also being persued. Such an influence may

lead to lowering further the temperature of the trapped atomic

system.

The work on the trapped atoms grew from the ongoing interest

in the area of cavity Quantum Electrodynamics (QED). In that

area, an exact theory of atomic statistics in a micromaser was

developed for any pumping statistics. The existing theories have

been concerned only with the Poissonian pumping statistics. It

has been shown that two different types of statistics possible in

a micromaser, one is of atoms in a fixed time interval and the

other is of a fixed number of atoms, lead to different results.

The study of implications of these finding on the ongoing

experiments is planned.

The zeros of the Huslmi function provide a minimal

description of individual quantum eigenstates and their

distribution is of considerable interest. A numerical study for

pseudo-integrable billiards has been carried out which suggests

that the zeroes tend to diffuse over phase space in a manner

reminiscent of chaotic systems. It was also found that short

range correlations of zeroes are close to that of Gaussian random

analytic functions with real coefficients.

For finite Fermi systems, the dissipation of collective modes

was shown to be related to geometric phase acquired by a single

Fermion in a mean-field. The energy distribution of a chaotic,

adiabatic quantum system was shown to evolve diffusively,

following a generalised Smoluchowski equation. For the pseudo

integrable rhombus billiards, the correlations between energy

levels are dictated by a new random matrix model - the short-range

Dyson model.
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PUBLICATIONS

1. Criticality eigenvalues of one-speed transport equation with

Inonu scattering - relationship with rod model. - D. C. Sahni

and N. G. Sjostrand - Trans. Theory and Statis. Phys. 27, p.

137 (1998)

2. Time Eigenvalues for One-Speed neutrons in Reflected Spheres

- D. C. Sahni and N. G. Sjostrand (accepted) - Trans. Theory

and Statis. Phys. 27, p. 499 (1998) Also presented in 15nth

Internaional conference on'Y -Transport Theory, Gothenburg,

Sweden, June 1-7, 1997.

3. Radiation Transport in a Stochastic medium - D. C. Sahni,

12th National Symposium, on Radiation Physics, Jan 28-30,

1998, Jodhpur (invited ta.lk)

4. A Transformation technique to treat strong vibrationing

absorbers - D. C. Sahni, N. S. Garis and I. Paasit CTH-RF-134

(1998)

5. Time Eigenvalue spectrum of one-speed neutron transport

Equation with Strong Forward-Backward scattering -

D. C. Sahni and N. G. Sjostrand-Ann.Nucl.Energy 26,347 (1999)

6. Generation of squeeze atomic states in cavity QED - Aditi Ray

and R. R. Puri, Pramana £0, 253 (1998).

7. Quantum effects in four-wave mixing in a cavity - R. R. Puri

and Aditi Ray, Phys. Rev. A 57. 4061 (1998).

8. Exact dynamics of a class of two-level and three-level atoms

interacting with quantized field - R. R. Puri, J. Mod. Optics

(communicated)

9. Effects of quantised motion of a trapped atom on non-linear

optical processes - Aditi Ray and R. R. Puri, Optics

Communication (communicated)
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10. Non-classical states of N Spin - l/2s -..R. R- Puri, Proc. of

Krishnan Centenary Conf., Univ. of Allahabad, 1998 (to

appear) .

11. Stroboscopic theory of atomic statistics in the Micromaser ~

R. R. Puri, S. Arun Kumar and R. K. Bullough, Phys. Rev. A

(communicated)

12. Quantum integrability and Quantum Chaos in a micromaser -

R. K. Bullough and R. R. Puri, Proc. Int. Conf. on Chaos and

non-linear dynamics, Trichi 1998 ( to appear)

13. Symmetry Reduction and Semiclassical Analysis of axially

symmetric systems - Santanu Pal & D.Biswas, Physical Review

E,£1,1475 (1998).

14. "Effect of Boundary Conditions on Fluctuation Measures", D.

Biswas, Physical Review E,_5_Z,R3609 (1998)

15. Self-similar solution of nonlinear conduction of thermal

radiation in an ICF system by M.K. Srivastava, National Symp.

on Plasma Science & Tecnology, Rajkot Oct.27-30, 1998.

16. Chaotic Foldings; M. Asam & Q. V. Lawande, Physica A 258

(1998) 69-76

17. Effect of Uncertainty in Total Delayed Neutron Yield on

Reactivity of a Fast Reactor Core, S. Das, Proc. of Twelfth

National Symposium on Radiation Physics (NSRP-12).Defence

Laboratory, Jodhpur, pp 75-80, 1998.

18. Sensitivity of Reactivity and of Corresponding Uncertainty in

reactivity Arising from Uncertainty in Absolute Yield of

Delayed Neutrons to Yield Evaluations and Measurements for a

Fast and a Thermal Reactor Core, S. Das, Proc. of Int. Conf.

on Physics of Nuclear Science and Technology, Long Island,

New York, Oct. 5-8, 1998, Vol.1, pp.313-318, American Nuclear

Society (1998).
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19. Multilayer slab geometry and Legendre expansion method - R.

Hem Prabha - Presented as a poster, in the SCRP-12 Symposium

held at Jodhpur (Jan. 28-30, 1998).

20. An Exact Solution for a Non Extending Dead Time Problem in

Passive Neutron Assay, S.B. Degwekar, Annals of Nuclear

Energy, 25, 1267 (1998)

21. Accelerator driven subcritical systems with enhanced neutron

multiplication, S.B. Degwekar, S.V. Lawande and S.S. Kapoor,

Annals of Nuclear Energy, 26, 123 (1999)

22. Simple Formulae for Interpretation of the Dead Time (First

Moment) Method of Reactor Noise, S.B. Degwekar, Annals of

Nuclear Energy, 26, 387, (1999).

23. Design of 7x7 MOX Fuel Assembly for TAPS, P.D. Krishnani,

Note No. ThPD/501, 1998.

24. Improved Design 7x7 MOX Fuel Assembly for TAPS, P.D.

Krishnani, Note No. ThPD/502, 1998.

25. Self-similar solution of nonlinear, conduction of thermal

radiation in an ICF system , M.K. Srivastava, National

Symposium on Plasma Sci. & Tech., Rajkot Oct.27-30, 1998.

26. Comments of Bare Strange Matter Surfaces of Strange Stars and

e+e- Emission, by V. Usov, PRL, 80, 230 (1998).

A. Mitra, Phys. Rev. Lett., 81, 4774(1998)

27. On the True Energy Budget of Gamma Ray Bursts 970508 and

971214, A. Mitra, Astronomy and Astrophysics 340, 437-

446(1998)

28. The Expected Duration of Gamma Ray Bursts in the Impulsive

Hydrodynamic Models, A. Mitra, Astrophys. J. 492, 677(1998)
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29. No Massive Black Hole in Cygnus X-3 - A. Mitra, Astrophys. J.

499, 385(1998)

30. Nuclear Model Based Predictions of Neutron Cross Sections for

Heavy Nuclides at High Energies-Ashok Kumar, Proc. Twelfth

National Symposium on Radiation Physics (NSRP-12) 298 (1998)

31. Adiabatic geometric phases and response functions - S. R.

Jain and A. K. Pati, Phys. Rev. Lett. 80, 650 (1998)

32. Spacing distribution^ for rhombus billiards - B. Gremaud and
t

S.R. Jain, J. Phys. A (Letters) 31, 647 (1998)

33. Semiclassical and random matrix theory of complex quantum

systems - S. R. Jain, in Nonlinear dynamics and

computational physics edited by V. B. Sheorey (Narosa, New

Delhi, 1998) p. 112

34. Model for spreading width of collective state - S. R. Jain,

Proc. DAE Symp. Nucl. Phys. 4IB, 42 (1998)

35. Semiclassical theory of one-body dissipation - S. R. Jain,

Proc. DAE Symp. Nucl. Phys. 41B, 238 (1998)

36. Density functional study of the solvation of Na in water

clusters - Lavanya M. Ramaniah, Marco Beruaswini and Michaele

Parrinello, J. Chem. Phys. U09_, 6839 (1998)
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URANIUM EXTRACTION DIVISION

Major Achievements

1.0 APPLIED RESEARCH & ENGINEERING DEVELOPMENT
The upgraded technology for the synthesis of Tri (n) Butyl Phosphate
(TBP) was demonstrated to the Heavy Water Board. In this
connection interaction with Nuclear Fuel Complex, Hyderabad and
Heavy Water Board (Mumbai) took place regarding the transfer of
technology to Heavy Water Plant, Talcher. The samples prepared
in UED/Hall 6 laboratory were tested by NFC and the report
indicates that the sample meets all the specifications and the
purity was found to be 99.8%.

2.0 PLAN PROJECTS
(a) VIII Plan Project: Augmented Uranium Metal Plant (AUMP)

Civil construction of the building is nearing completion. Casting of
foundations for installation of equipment have been completed.
Internal electrical wiring is in progress. Work on installation of
equipment and lining trial of larger capacity magnesiothermic
reduction reactor has been initiated.

(b) IX Plan Project: Production and processing of uranium compounds
- upgradation of technology (RUMP)
Detailed engineering drawings of mechanical seal assembly for
higher capacity rotary tubular converts for oxide reduction have
been prepared and vendors have been developed for fabrication
of the equipment. Technical specification for design and
fabrication of larger throughput hydrofluorinating furnace for
fluorination of uranium oxide has been generated. Equipment
layout, electrical, ventilation and architectural planning are being
finalised.

3.0 OPERATING PLANT (SERVICES)
Production of uranium metal ingots for research reactor fuel
fabrication has been continued and the quantity produced was
sufficient to meet-up the complete requirements of research
reactors with a considerably improved reactor performance.
Improvement in quality of fuel has been achieved by continuous in-
house research and development in the division.
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Quality of magnesium chips used for reduction of uranium
tetrafluoride has been improved by changing the fabrication
procedure from granulation to mechanical chipping. The
reduction in oxygen content in magnesium has drastically reduced
the slag content in uranium ingots due to an excellent slag-metal
separation. Along with the improved recovery, this has also
improved the vacuum melting conditions during fuel fabrication at
Atomic Fuels Division.

PUBLICATIONS
1. Development of AI-5%Ti-l%B master alloy : by T.S. Krishnan, P.K.

Rajagopalan, B.R. Gund, J. Krishnan and D.K. Bose, Journal of Alloys
and Compounds, 269 (1998), 138-140.

2. Recovery of vanadium values from titaniferrous magnetite ore of
masanikere origin : by S.P. Chakraborty, P.R. Menon, I.G. Sharma
and D.K. Bose, NML Technical Journal, vol. 39, No. 2, April-June 1997.

3. Potentiometric Titration of D2EHPA and M2EHPA using mathematical
software for end point determination : by J.N. Sharma, P.M.
Sakhalkar, K.S. Iyer and U.R. Marwah, Journal of Radioanalytical
and Nuclear Chemistry.

4. Aluminothermic reduction of K2Z1H6 for the preparation of Al-Zr
master alloy : by P.K. Rajagopalan, I.G. Sharma, T.S. Krishnan and
D.K. Bose, Journal of Material Science Letters.

5. A study on the preparation of iron-aluminium based intermetallic
alloy by aluminothermic smelting technique : by S.P. Chakraborty,
I.G. Sharma and D.K. Bose in Journal of Alloys and Compounds.

6. Preparation and characterisation of transition metal boride
composites : by K.U. Nair and D.K. Bose, Presented in 5th '
International Symposium of Union of Materials Research Scientists
(IUMRS-ICA-98), HSa, Bangalore, Oct. 13-16, 1998.
(Published in the Proceedings of the^ Symposium special issue of

. Bulletin of Materials Science of MRSI).
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7. Production of uranium powder by calciothermic process : by
Sandeep Kumar, K.U. Nair, S.B. Roy, D.K. Bose and C.K. Gupta,
Presented in 36th NMD-ATM Technical Sessions on "International
Symposium on Frontiers in Material Processing", HSc, Bangalore,
Nov. 14-17, 1998.

8. Chemical processing of low grade wolframite
K.U. Nair and D.K. Bose, Proceedings on National Seminar on
Extraction of Non-ferrous Metals from Ores and By-products, METEX
97, Feb. 13-14, 1997 held at Jamshedpur.

9. Trace Element Characterisation of transmission copper and
aluminium wires by NAA. Role of chemical tagging for source
correspondence studies
N. Chattophadhyay, A.B.R. Tripathi, K.U. Nair, D.K. Bose, M.S. Rao
and R.B. Singh, Proceedings of 84th Seminar of the Indian Science
Congress, Delhi, Part IV, p 307, Jan. 1997..

REVENUE EARNED
1. During the production of uranium tetrafluoride aqueous hydrofluoric

acid is generated as by-product. Around Rs. 1,00,000/- revenue
has been earned by selling this aqueous hydrofluoric acid in open
market.

2. Around Rs. 40,000/- has been earned by selling purified uranium
oxide powder for non-nuclear use.
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WASTE IMMOBILISATION PLANT, KALPAKKAM

Major Achievements

CIVIL WORKS

About 880, 1103, 3, 18 and 308 Cubic meters of concrete pouring was completed
in Zones l.H.IV.V and VI respectively and 65, 211, 20, 2 and 38 numbers of pour cards
were released in Zones i.ll.lll.V and VI respectively. Most of the Brick wall construction
works, plastering and flooring works were also completed. In all, the Civil works reached a
progress of about 93%.

FABRICA TION AND ERECTION

About 1027 meters 100 NB SS 304 L seamless pipes were fabricated and erected
in Zones 1 to 6 for transporting potentially active waste solutions.

PLACEMENT OF ELECTRICAL EPs

About 9934 meters of Conduit pipes were laid and 1066 nos. of MS boxes were
fabricated and fixed.
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WASTE MANAGEMENT DIVISION

Major Achievements

Waste Management Facilities located at Trombay, Tarapur and Rajasthan were operated

throughout the year to provide uninterrupted services for the collection, treatment and disposal of

radioactive liquid and solid wastes generated at these sites. The discharge of radioactivity to the

environment and exposure to the operating personnel was much below the limit prescribed by the

regulatory authorities. Surveillance of the solid waste disposal facilities was carried out

periodically to assess the safety of disposal systems. There has been no incident of unusual

occurrence during these operations both with respect to personnel and environmental safety.

Details of activities are described below:

1.0 OPERATION OF WASTE MANAGEMENT FACILITIES

At Waste Management Facilities, Trombay, about 1,02,000 cu.m of liquid effluent was

processed in the Effluent Treatment Plant and 800 litres of Alpha bearing liquid effluent was

processed in the Alpha Treatment Facility. The discharge of activity to the environment was

restricted to 69 % for beta-gamma, 27 % for alpha and 3 % for tritium activity of the annual

authorised limits prescribed by AERB. The AERB has reduced the annual discharge limits for

Trombay by a factor of tea About 350 cu.m of solid waste was collected and disposed of safely in

engineered trenches. A total of 146 MT of protective wears were processed in the decontamination

centre and about IS MT of reactor components were processed at heavy equipment

decontamination wing of the facility during the report period. About 20 cam of TBP organic waste

stored in different locations was transferred to a newly augmented storage facility.

At Waste Management Facilities, Tarapur, about 30,000 cu.m of liquid effluent was processed

atRadwaste Augmentation Plant (TRAP) and Liquid Waste Treatment Plant (LWTP). The activity

removal achieved was 90 %. Discharge of beta-gamma activity from LWTP to the environment

was restricted to 4.6 % of the annual authorised limit A total of 615 cu.m of solid waste was

received and disposed safely in near surface disposal facilities. 33 MT of protective wears were

processed in the decontamination centre for reuse.

After carrying out major modifications in various systems of IL Plant during the year, the

intermediate level liquid waste from PREFRE was treated in the plant using indigenously

538



developed Resorcinol-Formaldehyde (RF) resin. During the report period, 4.6 cu.m of intermediate

level liquid waste was processed. About 300 litres of lubricating oil from the power reactor was

incinerated in the indigenously developed facility.

Activities connected with the commissioning of Solid Storage Surveillance Facility (SSSF) were

in full swing. Safety review by AERB is in progress. Vitrified high level waste product from Waste

Management Plant will be stored as soon as clearance from AERB is received

At Efflnent Management Unit, Rajasthan, about 28,400 cam of liquid effluent was handled and

14,400 cam of the liquid effluent with 1.9 % of authorised limit for tritium and 0.4 % for beta-

gamma activity was released to the lake. Liquid effluent, about 14,000 cam.,was transferred to

Solar Evaporation Facility for further concentration. A total of 390 cam of radioactive solid waste

was collected and disposed in engineered systems as per standard practices.

2.0 RESEARCH & DEVELOPMENT

Work is in progress in collaboration with Regional Research Laboratory, Bhubaneshwar under

BRNS project to investigate the effect of flocculating agents on treatment of radioactive sludges

being generated in waste management plants. Investigations to ascertain the effect of ageing on the

old disposal structures were carried out at radioactive solid waste management sites in association

with CBRI, Roorkee. Studies are in progress under IAEA Coordinated Research Programme (CRP)

entitled, 'Long Term Behavior of Low & Intermediate Level Waste Packages Under Repository

Conditions' and an expert from the division is participating in the CRP entitled "Decommissioning

Techniques for Research Reactors'.

In the field of air cleaning,development work was taken up for complete indigenisation of filter

media employed in the assembly of high efficiency particulate air filters used widely in the nuclear

facilities for removal of airborne particulate activity. Studies are in progress for identification of

suitable fibre compositions and the development of process parameters for processing the media in

the laboratory and on mill scale. With a view to reduce the volume of radioactive waste generation

due to used HEP A filters, development work is being carried out in the techniques employed for

assembly of filters. Studies are in progress to develop respirator filter canisters to provide

protection against radioactive particulate and iodine vapours and the prototype units are under

evaluation for optimisation of production parameters.
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3.0 MAINTENANCE AND MAJOR MODIFICATION

At Trombay, fire fighting facility was constructed at solid waste management site. For disposal of

radioactive solid waste in RC trenches, the design of the system has been modified by

incorporating special features like gantry crane, inspection chamber and single layer shielding

cover. The construction work is in progress.

At Tarapur, revamping and augmentation of 25 years old LWTP has been taken up. Renovation

work of 20-ton gantry crane is nearing completion. Modifications and repairs in sampling and

sludge drainage system, supply blowers, replacement of filters, etc. were carried out during shut

down of IL Plant Maintenance work connected with in-cell cranes, master slave manipulators,

VOG blowers, induction furnace, process compressors etc was carried out in Waste

Immobilisation Plant

4.0 SERVICES

Insitu testing services of HEP A and iodine filter installations of various DAE facilities was

continued to be provided to the users during the year. With a view to develop necessary

infrastructure at nuclear power stations for this type of work, a training programme was organised

in coordination with NPCIL for site personnel

Services were provided to the various units of DAE on regular basis for procurement and testing of

iodine filter, particulate filter canisters, sampling filter media etc.

5.0 INTERNATIONAL COOPERATION

Shri. N.KBansal, presented a paper entitled 'Management of Radioactive Waste from Research

Reactor at Trombay, India' in IAEA Advisory Group Meeting on * Status of Treatment of

Radioactive Waste from Small Nuclear Reactors (< 10 MW) in Developing Member States'

organised in Vienna during June 15-19,1998.

Shri S.S.Ali, attended IAEA Technical Coordination Meeting in Vienna and presented a paper

entitled Tre-disposal Management of Radioactive Waste in India' during December 7-11,1998.

Waste Management Database - 1996 regarding %Low and Intermediate Level Waste (LILW) -

Short Lived, LILW-Long Lived, Spent Radiation (sealed) Sources and Uranium Minning/Mill

Tailings were provided to IAEA.

Training on all aspects of radioactive waste management was given to a scientist from Vietnam

under IAEA fellowship during April 1- May 31,1998.
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Shri Kanwar Raj delivered lectures to participants of 'IAEA Regional Basic Professional Training

Course on Radiation Protection' on the topics of Radioactive Waste Management during October

26 - December 18,1998 at BARC, Mumbai.

6.0 PUBLICATIONS/SYMPOSIUM

Shri N.K-Bansal delivered a lecture in Hindi on 'Waste Management in Nuclear Facilities' in a

seminar on v Importance of Waste Management in Industrial Development and Environmental

Protection' organised by Hindi Vigyan Parishad in September, 1998.

'Partitioning of Americiurn (III) in Polyetyleneglycol Based Aqueous Biphasic Systems in

presence of Pbospotungstic acid', C.S.Pawaskar et al., Radiochem. Acta 11-16 (1998).

The following papers were presented in Nuclear and Radiochemistry Symposium (NUCAR-99)

organized by Board of Research in Nuclear Sciences, DAE during January 19-22, 1999 at BARC,

Mumbai.

i) 'Recovery of Caesium from Intermediate Level Radioactive Waste on Plant Scale-

Experience at WTP Tarapur' R.G.Yeotikar et al.,

ii) ' Evaluation of Cement Matrices for Conditioning of Intermediate Level Radioactive Liquid

Wastes' C.P.Kaushik et al.,

iii) 'Extraction of Actinides and Fission Products From Salt Solutions Using Polyethylene

Glycols(PEGs)' C.S.Pawaskar et al.
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WATER AND STEAM CHEMISTRY LABORATORY,
KALPAKKAM

Major Achievements

Studies were continued for the development of chemical cleaning formulations for
the steam generators of PHWRs. Corrosion4!.behavior of EDTA based copper and iron
solvents were evaluated using microscopic, metallographic, electrochemical and weight
loss methods. All these studies indicated the compatibility of MAPS steam generator
(SG) structural materials viz. Carbon steel and Monel-400 to the copper and iron
solvents. These two formulations are to be used in stages during chemical cleaning of
SGs. Electrochemical polarization studies in copper formulation revealed active to
passive transition on carbon steel and cyclic polarization studies on carbon steel and
monel-400 in the same formulation indicated their strong resistance to pitting. It was
clearly established that H2O2 offered protection to monel-400 from the attack of dissolved
oxygen. Studies on oxygen induced corrosion confirmed that iron solvent should be
applied under inert and reducing conditions and during the application of copper solvent
H2O2 concentration should be maintained in the solvent in order to protect SG tube and
shell material from the deleterious attack of oxygen.

Studies on the role of various parameters that affect the kinetics of decomposition
of H2O2 and EDTA in the copper formulation were carried out. The reaction was found to
be first order with respect to H2O2 and zero order with respect to EDTA. Iron ions were
found to catalyze the decomposition of H2O2. The heat evolved during the neutralization
of EDTA with EDA and during the decomposition of EDTA by H2O2 were measured.
The temperature conditions for the application of copper solvent has been arrived at
based on these studies. Analytical methods have been developed for monitoring the
chemical cleaning process. Chemical analysis of RAPS steam generator sludge samples
indicated lower levels of iron and higher levels of silica than that was observed in MAPS.

With a view to develop a formulation which is more effective in decontaminating
the primary side of monel tubed steam generators, decontamination studies were carried
out using the failed HX of MAPS-I and using cut specimens obtained from HX of
MAPS-IL The nature of the oxide was evaluated using XPS, GXRD and by chemical
dissolution methods. It was observed that the SG monel-400 tube contains oxides of iron
and nickel mainly in the form of NiFe2C>4. Activities such as 60Co, 106Ru and l25Sb were
observed on the cut specimens. Using a re-circulation system consisting of tank, pump
and a 6 KW heater, formulations based on EDTA, PDCA, NTA, LOMI and Alkaline
permanganate were tested for their effectiveness in removing the activities from the
monel-400 surface. PDCA and NTA showed better promise.

Basic studies regarding decontamination were continued. Magnetite, Substituted
ferrites, chromites were prepared using solid state methods and their dissolution
behaviour studied in various chelating media. X-ray photoelectron spectroscopic (XPS)
analysis of the various ferrites were carried out and the formation of these ferrites by the
solid state route was established. Electrochemical studies using magnetite pellet and
magnetite coated carbon steel coupons were carried out. A method has been developed
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to quantitatively estimate the components of a mixture containing Fe3O4, a-Fe2O3 and y -
Fe2O3. Electrochemical reduction behavior of V(v), the starting material for the
preparation of LOMI reagent, by differential pulse polarography was carried out.

X-ray photo electron specfroscopic technique was also used to investigate copper
doped KCI and in chemical state identification of of thermal decomposition stages of
Th(NC>3).5 H2O. It was also used for characterizing the acrylic fibre loaded with cyano
complex used in active waste treatment.

Studies to evaluate various amines for their compatibility with condensate
polishing plant(CPP) was continued. 3-Methoxy propyl amine(MPA) and
Ethanolamine(ETA) were evaluated. New analytical method for the estimation of MPA
and ETA was developed by forming adduct with sodium 1,2 - Naphtha Quinone -4 -
sulphonate(NQS). Electrochemical corrosion studies on carbon steel in process cooling
water were carried out. The influence of Cl" ion on the protection offered by hydrazine,
HEDP to CS were studied and it was observed that >20 ppm N2H4 accelerates corrosion
on CS in the presence of sea water.

The cause of High temperature high pressure(HTHP) loop heater leakage problem
was investigated. The heater was refabricated and installed. The carbon steel surge tank
was commissioned and separately hot conditioned at 210°C. The primary and secondary
sides were also commissioned and hot conditioned for a duration of one week. The
system parameters functioned as expected during the high temperature operation. The
cooling pond spray system was modified to minimize the water loss.

Investigation on the prevalence of Balanus reticulatus in the process water heat
exchangers of MAPS was carried out. The relatively high thermal tolerance of this
species was attributed to their dominance in process sea water - heat exchangers. As part
of the ongoing investigations on factors influencing the attachment of fouling organisms
on surfaces, studies were carried out on the influence of adsorbed organic compounds on
barnacle settlement. Effect of bactrial exopolysaccharide, alginic acid, agarose and gum
xanthan on Balanus reticulatus was studied and were found to give significant reduction
on larval settlement. It was also observed that larvae of Balanus reticulatus, when
exposed to short term thermal stress, as it occurs during their transit through the MAPS
cooling circuit, will not suffer any appreciable damage with respect to their subsequent
development or settlement. The results of acute thermal shock on barnacle larvae
indicated that the response of larvae was dependent* on the time - temperature
combinations. N6 stage larvae were found to be the most tolerant to acute thermal stress.
Based on the results of the studies on the settlement behaviour of the fouling barnacle
Balanus reticulatus, a protocol for larval antifouling bioassay has been developed and
standardized.

Studies on the effectiveness of Bioquest-100 and Indion-7109 were carried
out in FBTR service water system. Water samples assayed for TVC, iron bacteria and
Sulphate Reducing Bacteria(SRB) indicated that Indion- 7109 had better biocidal action
than Bioquest-100. Similarly, the biocidal action of monochloramine against fresh water
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bio films was evaluated. Biofilm thickness reduction and bacterial detachment /mortality
showed a linear relationship with time. Its biocidal efficiency was found to be
comparable to free chlorine.

Investigations regarding microbial corrosion of carbon steel, stainless steel
were continued in natural systems as well as in laboratory grown mono and mixed culture
biofilms of bacterial isolates. Microbiological analysis of specimens exposed to open
reservoir water, FBTR cooling tower basin and in model cooling tower indicated that
biofilms comprised mainly of iron reducers, iron oxidizers and SRB.

The use of Langelier Saturation Index(^SI), Ryznar saturation Index(RSI) and
Puckorius practical Scale Index (PSI) was evaluated and it was found that PSI is better in
predicting scale forming tendencies.
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List of papers published by WSCL in journals :

1. Kumbhar,A.G., Narasimhan.S.V., and Mathur.P.K. Spectrophotometric method for
the determination of parts per million levels of cyclohexylamine in water. Talenta, 47,
421-437, 1998

2. Rufus,A.L.,Velmurugan,S., Padma S.Kumar., Sathyaseelan.V.S., Narasimhan.S.V.,
and Mathur.P.K. Ion exchange considerations in dilute chemical decontamination
process operated in the regenerative mode. Nuclear Technology, 122(2), 228-249,
May 1998.

3. Venugopalan, V.P., Nandakumar.R., Rajamohan.R., Sekar.R., Nair.K.V.K. Natural
Eutrophication and fish kill in a shallow fresh water lake, Current Science 74, 915-
917,1998.

4. Rajagopal.S., Venugopalan.V.P., Nair,K.V.K., Van der Velde, G., Jenner H.A., and
den Hartog,C. Reproduction, growth rate and culture potential of the green mussel,
Perna Viridis(L) in Edaiyur back waters, east coast of India. Aquaculture 162, 187-
202, 1998.

5. Rajagopal,S., Venugopalan.V.P., Nair,K.V.K., Van der Velde, G., and Jenner H.A.
The population ecology of green mussel perna viridis (L.): importance of flow.
Aquatic Ecology (In Press)

6. Sekar,R., Venugopalan.V.P., Satpathy,K.K., Rao.V.N.R and Nair.K.V.K. Cooling
tower wood deterioration by fungi in the service water system of a test reactor.
Transaction of Indian Institute of metals (In Press)

7. Sekar,RM Nandakumar.K., Venugopalan.V.P., Rao.V.N.R and Nair.K.V.K. Spatial
distribution of micro algae on hard bottom substrata in a lentic fresh water reservoir,
Biofouling (In Press)

8. Seshadiri,K.S., Kesavamoorthy.R., Srinivasan.M.P., Varadarajan,K., Jaleel Ahmed
and Krishnamany.V., Estimation of pore charge on Alumina membrane prepared in
typical pore forming electrolytes using zeta potential measurement. Bulletein of
Electro chemistry, 14(1), 16-21,1998.

9. Seshadiri.K.S., Jaleel Ahmed, Krishnamany.V., Varadarajan.K. Srinivasan.M.P.,
R. Kesavamoorthy. Estimation of pore charge on ZrC>2 membrane prepared by sol-gel
route using zeta potential measurements. Journal of material science and
Technology, China 14, p.425,1998.
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