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FOREWORD

For the last few years, Bhabha Atomic Research
Centre has been bringing out an annual progress report
covering the work done in BARC. 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 a significant part of the work in the field of applied research, especially
those which have a direct bearing on the design, development and operation qf nuclear power
reactors, nuclear fuel cycle facilities and isotope programmes, result in technical notes
specifically addressed to the concerned agencies.

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 an 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 concerned Division. 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 AND PULSE POWER DIVISION

Major Achievements

The progress during 1997 of the activities on : (a) DC and CW Accelerators, (b)
Pulsed Intense Beam Accelerators and (c) Pulse Power Studies and applications, are
described below.

1. DC and CW Accelerators

1.1 500 keV/lOkW Industrial Electron Accelerator
The following subsystems of the S00 keV/10 kW DC Industrial Electron Accelerator
being installed at BRIT, Navi Mumbai, are in the final stages of assembly and testing : (a)
Thyristor controlled high voltage DC power supply received from M/B. NGEF, Bangalore
has been installed at the Bite and the performance tests conducted at light load have been
found to be satisfactory; (b)The 15 kW, 10 kHz high frequency power source developed
at APPD has also been installed at the site and has performed satisfactorily at low
voltages; (c) The ten stage Cockcroft Walton high voltage column was fully assembled at
Hall-4 and energised by a prototype 1 kW, 10 kHz power oscillator. Initial tests
conducted without SF« gas were found to be satisfactory. Assembly of the higher voltage
column alongwith the accelerating tubes will be done at the site; (d) The scan magnets
and the supplies are ready for site installation; (e) The beam extraction system consisting
of 25 micron thick titanium foil and stainless steel foil holder plates has been installed at
the Bite; (f) A remote controlled motorized Faraday cup to measure the beam current has
been fabricated which will work in ultra-high vacuum. By "sampling" a fraction of the
beam, full beam power can be measured The beam profile can also be measured. Four
boundary probes have been made which will be used for tuning the scanning magnetic
field and also act as on-line current monitors; (g) An ozone exhaust system consisting of
ducts and blowers has been installed on site. The same system will also act as a safety
evacuation, system for SF«; (h) A generating voltmeter to monitor the high voltage has
been fabricated High frequency, 10 kHz, 300 watt transformer to supply filament power
to the electron gun has been fabricated and tested A stepper motor controlled system to
change the transformer tappings is under assembly; (j) A PC based control system has
been developed to acquire and monitor the accelerator parameters, and to trigger
interlocks and alarms of the parameters-drift from the values set in a data base. Motorized
variacs, potentiometers and switches in power supplies or other remote controlled
mechanisms can also be activated through the PC. The entire system is backed by 20
hand-wired digital panel meters on an annunciator panel in the control room. The wiring
for the accelerator signals and control has also been laid out and signal points are
available in numbered Elmet connectors; (k) The BRIT has prepared the design and
fabrication drawings for the Radiation Shield and the conveyor system and the
manufacturer has already taken up the fabricatioa

1.2 Electron Beam Center
An electron beam center is being set up under the 9th plan. The project will be
implemented jointly by BARC and SAMEER The various paiticipating divisions of
BARC are : Accelerator & Pulse Power Division (APPD), Isotope Division (ID),



Radiation Safety & Systems Division (RSSD), Technical Physics & Prototype
Engineering Division (TPPED), Electronics Division (ED), Civil Engineering Division
(CED), Technical Services Division (TSD) and Central Workshops. This center will have
two industrial electron accelerators viz. 3MeV/3O kW and 10 MeV/lOkW, located in
independent radiation shielded cells. In both these accelerators, the high power electron
beam in the form of sheet beam, formed by X and Y scanning magnetic fields, is brought
into atmosphere through a titanium window and targeted to the product on a moving
conveyor system. The two accelerators will share a number of common facilities like SF6
gas handling plant, ozone exhaust system, low conductivity water plant, overhead cranes
and diagnostic instruments. The EB center is a multi-purpose facility, where the sheet
electron beams will be used for carrying out various applications like plastics
modifications, food preservation, medical sterilisation, semi-conductor device properties
enhancement and radiography. The various studies and development of applications like
sewage treatment, hygienisation of water, flue-gas purification, behavior of nuclear
materials under radiation environment, will be conducted.

Presently the lay-outs for the two accelerators in independent buildings alongwith
the block cost-estimates towards civil works and technical services have been worked
out The work on the integration of the two accelerators in a single building for optimum
sharing of common facilities is being taken up and new designs will be worked out.
The salient features and progresses on the 3 MeV and 10 MeV accelerator is as follows :
3 MeV Accelerator : Substantial work has been done towards the design of this
accelerator and procurement of the components is in progress. The salient features of the
major sub-systems of this accelerator are : (a) accelerator tank of 2200 mm diam x 5500
mm height with 1 MT of SFa gas at 6 aim Pressure, (b) UHV pumping system comprised
of Rotary/Roots/Turbo/Sputter Ion pumps to give a working vacuum of 107 Torr, (c)
high power oscillator of 75 kW at 120 kHz, (d) high frequency high voltage transformer
of 150-0-150 kV at 120 kHz with SF«, gas insulation, (e) parallel coupled voltage
multiplier column with 72 stages having a coupling factor of 6 to give output voltage of 3
MV at 10% regulation and 1% ripple, (f) triode electron gun with LaB$ cathode, (g) 10
accelerating tube modules each rated at 330 kV, (h) LCW plant with flow rate of 50-200
litres/min, (i) e-beani irradiation area of 10 x 100 cm2 and (k) PC control system based on
windows based graphic interface and walk through navigation for operator guidance.
10 MeV Accelerator : The linac will be operated in both electron and X rays optioa The
design for the cavity is in the advanced stage of completion. It is a coupled cavity linac
comprised of 33 cells in a length of 871 mm and will operate at RF frequency of 2.856
GHz with a duty cycle of 0.1%. The linac has an effective shunt impedance of 85 MQ/m.
The total RF power estimated to be around 20 MW (peak) will be fed via a waveguide
operating in the TE10 mode. The 50 keV electron beams from the gun are accelerated to
an average energy of 11.676 MeV with a beam transmission of about 50%. The max.
designed energy is 12.547 MeV with an energy spread of about 1 MeV. The sweep
scanner operating at a max. field of 3 kG will scan and irradiate the products. The design
of the entire linac accelerator is expected to be completed by the end of 1998.

1.3 Radio Frequency Quadruple
After commissioning the RFQ, it was adopted ;& an R&D tool fbi* cany ing out research
in the area of RF structure, beam matching devices, RF suppression, grounding and



measurement techniques. The focussing and diagnostic devices consisting of discrete
dynodes were added to the RFQ assembly. By optimising the various parameters the
beam current has been improved from 8 îA to 60 pA at the output end of the RFQ. The
90° double focussing magnet was coupled to the RFQ to confirm the energy of the proton
beam as 110 keV. The beam matching and the emittance measurement devices are in the
pipeline for carrying out further improvements in beam intensity and transmission.

1.4 "FOTIA" Folded Tandem Ion Accelerator
Substantial progress was achieved in the fabrication, assembly and testing of the
components in the FOTIA tank interior. The pellet chain drive assembly, alternator drive
assembly with perspex shaft drive and 180° bending magnet along with core, coil and
cooling jacket were completed. Full load tests on the 180° bending magnets were
conducted outside the high voltage dome and performance of the close circuit cooling
syBtem with respect to leak tightness and temperature rise was satisfactory. High
vibrational levels of the order of 250-300 p. were observed during the initial assembly of
the structure which would be harmful to the ceramic posts. This was attributed to the
accidental matching between natural frequency of the structure and excitation frequency
the alternator drive motor. It was therefore decided to assemble the entire structure
without ceramic posts, but with physically similar dummy MS posts and carry out
detailed studies of vibration modes with strain gauges under different conditions of
loading. The amplitude of vibration was brought down to an acceptable level of 20-30 jo,
by incorporating a number of modifications such as : (a) flexibility at the flange joint of
column post to SS column plates, (b) screw-jack system between two column posts, (c)
supporting the perspex shaft at every 1 m length with double bearing coupler located in a
spacer plate and (d) meticulous shaft alignment procedure. Due to the space constraint
inside the high voltage dome, the number of modules were reduced from 7 to 6 and it was
confirmed that all the components would be accommodated.

2. Pulsed Intense Beam Accelerators

2.1 KALI-5000 (1 MV. 80 GW. 60ns)
Assembly of one of the 300 kV Marx modules of the 1.5 MV Marx generator has been
completed Performance tests conducted at low charging voltage were satisfactory. The
fabrication of remaining four 300 kV Marx modules has been completed and the
assembly of these modules is in progress. A mobile platform for mounting the Marx
modules and a movable steel structure for withdrawal of Marx assembly during
maintenance have been designed and fabricated. Fabrication of four nos. of SS storage
tanks with a capacity of 3000 Ltrs. each has been initiated Transformer oil and castor oil
liquid dielectrics will be stored in these tanks during maintenance of the KALI-5000. The
civil works of RCC pedestals required for installation of these tanks has been completed.

2.2 Electron Linear Induction Accelerator
Design details of the 200 keV, 5 kA, 50 ns , 10-100 pps Electron Linear Induction
Accelerator were finalised and the execution of the project was started. This accelerator
of 200 kV will be made from three induction modules of 75 kV each, which will be
constructed, in an adder mode as part of a vacuum diode. These induction modules work



on the principle of a one-to-one ratio transformer having high-frequency amorphous
magnetic material as their core. Hie single turn primary of the modules are energized
from a pulse power system and the secondaries are coupled to the electron beam diode
though the induction cavities. The full voltage of 200 kV is supplied between the cathode
and the anode of the diode for the generation of the intense electron beam. The induction
accelerator employs putee power modulator which incorporates solid-state switching,
magnetic amorphous core and water pulse forming line for pulse compression The
design of induction cavity and magnetic switches are based on the core to be imported
from Russia. The indents for various sub-systems have been raised and material
procurement is in progress.

2.3 Compact High Gradient Accelerator
The work on this 9 plan projects has been in progress. The objectives of the programme
are : (a) to develop the technology of compact High Gradient Accelerator with energy
between 5 to 10 MeV, by using the Two-Beam Accelerator Concept, (b) to produce
Intense Neutron Pulses with an yield of 10*8-10* for a 60 ns duration and (c) to generate
multi-ampere, Heavy Ion Beams at tens of MeV for material studies.

The design of relativistic klystron cavity to generate High Power Microwave
source has been completed Procurement of material and fabrication drawings of various
sub-systems are in progress.

3. Pulsed Power Studies & Applications

3.1 High Power Microwaves
The work on HPM generation studies was continued with devices such as VIRCATOR
and Backward-Wave-Oscillator (BWO), using indigenously developed pulse power
systems such as KALI-1000 and KALI-75. HPM emission from 'Vircator device' has
been characterised for various diode configurations and beam current densities (upto 1
kA/cm2). The VIRCATOR device in an optimum condition was operated to generate 150
MW power in the frequency range of 3-6 GHz. Injecting the HPM thus formed in a drift
tube, in which gas pressure could be varied from 1-100 Torr, microwave induced gas
breakdown studies were carried out. High power Microwave radiation from VIRCATOR
device, its spatial distribution and enhancement of E-field in coaxial cavity were studied.
E-field greater than 30 kV/cm was estimated to be produced in the cavity. The near field
distribution was determined by an array of Neon bulbs, while far field was measured
using horn and diode detector.

Using KALI-75 system, X-band BWO device was operated at 50 mTorr
hydrogen gas pressure, and HPM power of about ~ 1 MW was generated at frequency of
11 GHz.

3.2 Vacuum Arc Rail Gun
A triggered vacuum-arc rail gun plasma source has been developed as a heavy (metal) ion
injector in the collective ion acceleration experiments on KALI-1000. The dynamics of
the vacuum-arc operated rail gun plasma were numerically simulated, compared with
analytical solution and confirmed in experiments. The spatial development of the arc was
seen to follow a linear function even though the propulsion velocity followed an



exponential step behavior due to the sinusoidal nature of the arc current Peak arc cunent
~ 100 kA, 15JJS period was propelled to ~106 cm/sec as indicated in the time of flight
measurements and agreed well with the simulated results. The simulated voltage signal
induced on the B-dot probe by the dynamic sinusoidal arc current with sheath
approximation compared well with experimental signals. The measured B-dot signals, in
addition revealed the presence of restrike-signal domain corresponding to the subsequent
peaks of the arc current A Gaussian current distribution inside the measured arc length ~
1.2 cm., was established by unfolding the B-dot probe signal. A peak magnetic field of
the order 1.5 KG was also interpreted inside the arc.The density and temperature of the
emerging copper plasma measured outside the gun-region with the help of either a single
or double Laugmuir probe which was oriented parallel or perpendicular to flow direction
were in the range ~ 1015-1016/cm3 and ~ 70-80 eV. The ion current component in the
plasma as measured by biased Faraday Cup array was over tens of Amperes, and its x-y
distribution was found to be more or less uniform within a radius of 6 cm.

3.3 Collective Ion Acceleration Experiments on KALI-1000
Collective acceleration of heavy ions, such as Fluorine and Carbon, was performed on the
KALI-1000 generator by using a relativistic electron beam (REB) diode of LUCE
geometry. For this the 200 keV, 10 kA, 100 ns duration REB from KALMOOO was
injected into the vacuum after emerging from the teflon (CF2) ring-backed drift-tube
region where it formed a deep but stationery potential-well. The peripheral part of the
same electron beam irradiated the teflon ring, which generated the positive ions of
Flourine and carbon and they were accelerated by the potential well. The preseuce of
positive ions in this manner inside the potential-well gave rise to the radial force
neutralising electrons space charge which leads to the onset of a moving well-front and
the resulting acceleration of the heavy ions (0 veiy high energies over tens of MeV. In
this case the higher charge states of the ions also helped to enhance their energies.

The experimental studies conducted on KALI-1000 revealed that the ion
acceleration could be tailored to single to multiple bunches by suitably varying the
aperture of the Luce ring which was made of CF2. For instance, by using an aperture of 5
to 6 cms, three ions bunches of 300 ns, 400 ns, and 500 ns with current about 8A were
recorded at an acceleration distance of 25 cm. The bunches tended to a single bunch
when the aperture was either increased or reduced from the above values, and the ion
current was lower around 4A.

3.4 Recovery times of Low Pressure Sparkaaps
The pulse power systems developed at BARC are presently being operated in single shot
mode with limited average power. These systems need to be operated in repetitively
pulsed mode, in the range of a few pulses per minute to a few Hz for higher average
power advanced applications. The sparkgap is the most important and critical component
in a pulse power system, which has to be modified to make the system to operate in
repetitively pulsed mode, with higher average power. The present research problem has
been taken up in order to study and develop a suitable repetitively pulsed low pressure
sparkgap for the existing pulse power systems to operate at ratings of 5 pulse-burst at
lOpps. The burst mode has the advantage of operating the system close to single shot
ratings for a short period. To develop data for the design of low pressure sparkgaps,



studies on recovery timeB of low pressure sparkgap in the time interval of IOJIS to 50ms
by the influence of (i) gap spacings of 2.5mm and 10mm, (ii) the pulse voltages of
45kV rising in 2.5ps for positive and negative polarities, (iii) the pressure range of 1.3Pa
to 34,7Pa, for hydrogen, deuterium and argon gases has been taken-up. An interesting
new finding is the OVER-RECOVERY (>100%) of the low pressure sparkgap. Such a
behaviour has not been reported in the earlier works. This over-recovery is attributed to
pressure reduction in the gap after the first pulse discharge. The recovery times are
independent of gas pressure for negative polarity. It increases with pressure and
molecular weight of the gas in the gap. The low pressure sparkgap has been operated in
burst mode of 10 pulses at 35kV, from 0.01 Hz to lOOHz, for positive and double
resonance wave-shapes, with hydrogen gas. Based on the above data, a low pressure
sparkgap has been designed and incorporated in the existing KALI-1000 system. It has
been operated in burst mode of 5 pulses at 160kV, 8kA from 0.01 Hz to lOHz employing
hydrogen gas. It is expected that the development of low pressure sparkgap will lead to
design of better burst mode repetitively pulsed sparkgaps for pulse power systems with
accompanying valuable applications to research and industry.

3.5 Pulsed High Magnetic Fields
Pulsed high magnetic fields upto 20 Tesla have been generated using capacitor banks,
flux concentrators and special solenoids. Magneto welding, canning and end plug
collapsing techniques have been developed jointly by APPD and AFD for the fabrication
of fuel cluster assembly of the DHRUVA reactor. Experiments conducted with 10 kV,
10 kJ capacitor bank on collapsing of aluminium end plugs over uranium rods were very
encouraging, as the pull out strength was more than 600 kg. High strength long helical
solenoid was developed to obtain 1 m long canned lengths of aluminium tube over
uranium rod, the job being accomplished in a single shot Radiographic examination of
the magneto canned samples showed that the canning was satisfactory. Further trials and
performance tests are in progress to employ this technique in the fabrication of the fuel
cluster using 40 kJ, 20kV capacitor bank and welding flux concentrator. Extensive
experiments were conducted on welding of aluminium tube to aluminium plug by varying
taper angles, acceleration steps and grades of aluminium. All the samples on
metalographic examination showed satisfactory welds but further improvements are
planned to achieve low helium leak rates so that they can be subjected to qualifying tests.

Using impulse magnetization technique, two more batches Neodymium Ferrous
Boron (Nd Fe B) permanent magnets of size 30 x 30 x 6 ram, were magnetized to a
saturation flux of 3.5 kilogauss. These permanent magnets are used in the assembly of
magnetic modules of the PIG programme of RCnD.
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ADVANCED FUEL FABRICATION FACILITY, TARAPUR

Major Achievements

The programme of development of indigenous MOX fuel for Tarapur Atomic
Power Station is progressing well with both reactors now having been loaded with the
some MOX fuel assemblies. The burn-up of MOX assemblies loaded in TAPS-1 has
exceeded 10,000 MWd/Te which is more than 50% of the designed burn-up. Advanced
Fuel Fabrication Facility, Tarapur continued the fabrication of the MOX fuel assemblies
during this period. The flowsheet was modified to include mixed oxide fuel scrap as a
part of the feed powder. A suitable thermomechanical treatment was developed for this
resulting in improvement in overall fuel yield and reduction in the radioactive waste.

MICROWAVE PROCESSING OF MOX MATERIALS

Advanced Fuel Fabrication Facility has designed, fabricated and installed
microwave heating system for oxidation, dissolution and direct denitration of the MOX
scrap generated. Processing of sintered MOX scrap pellets into useful feed powder for
dry recycling using the microwave oven installed inside the glove-box has been started.
Experimental quantities of MOX scrap was dissolved and denitrated as part of the wet
recycle route being developed at AFFF.

PFBR FUEL DEVELOPMENT

Development work on fabrication of small diameter annular pellets and welding of
D-9 tubes for the fabrication of experimental cluster of PFBR fuel has been initiated at-
AFFF. Experiments are being carried out to make UO2 annular pellets for PFBR. A new
tooling designed that can use conventional hydraulic presses for fabrication of such
pellets te under development. End-plug welding of D-9 tube using Pulse TIG welding
technique has also been carried out on a number of tubes and optimum parameters to
get acceptable welds has been arrived at.

COMPUTER DOCUMENTATION

Computer documentation of quality data generated during the manufacture of
MOX fuel assemblies has been carried out. A subroutine STATUS has been developed
to make the data available in Local Area Network.
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and Kamath H S - "Double closure welding of PHWR fuel
elements" Proceed. Int. Welding Conf., Dec 1996, Mumbal
Paper NO.A062.

4. Panakkal J P, Vrinda Devi K V, Mukherjee D, Wadhwani R S
and Kamath H S - "Passive gamma scanning and
gamma auto radiography of MOX fuel pins of BWR reactors
- A comparative study" Proceed. 14th WCNDT, New Delhi,
Dec. 1996, Vol. 2 pp 357 - 360.

5. Panakkal J P - "Longitudinal ultrasonic velocity as predictor
of material properties of porous materials" Ibid, Vol. 4,
pp 2279 - 2282

6. Panakkal J P - "Ultrasonic velocity as a predictor of
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Evaluation, Vol 16 (1996) pp 44 - 47.

7. Kamath H S - "Experience in MOX fuel fabrication
and irradiat ion In l ight water reactors/A review"
Proceed. 84th Indian National Sc. Cong.,6th Jan. 1997, New
Delhi.

8. Amrit Prakash, Neeta Save, Seema Ghosh, Deepa Raul,
Bhargava V K and Kamath H S - "Recovery of MOX powder
from burnt electrodes used In carrier distillation technique
of DC-Arc-AES" - Proceed. Nuclear and Radiochemlstry
symposium, NUCAR 97, Jan 21 - 24, 1997, Calcutta.

9. Mallik G K, Malav R K, Karande A P, Bhargava V K and
Kamath H S - "Studies involving direct heating of uranium
and plutonium oxides by microwaves" - Ibid

10. Mallik G K, Fulzele A K, Kotharl M, Bhargava V K and
Kamath H S - "Chemical characterisation of MOX ground
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11. Govindan R, Das D K, Mallik G K, Sumathi A, Patil Sangeeta,
Raul Seema, Bhargava V K and Kamath H S - "Determination
of chlor ide in MOX samples using chlor ide ion
selective electrode" - Ibid.
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Bhargava V K and Kamath H S - "Study on the use of
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13. Das 0 K, Govindan R, Raul Seema, Atul Kulkarni,
Slvasankaran G, Behere P G, Bhargava V K and Kamath H S
- "Operation of a hydrogen determinator by a programmable
logic controller" - Ibid

14. Pradeep Kumar, Shah Dlpti, Bhargava V K and Kamath H S
- "Evaluation of fissile content of plutonium by neutron
coincidence counter" - Ibid
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TEA CO2 laser with long excitation pulse." Proceed.
National Laser Symp. Feb 6 - 8 , 1997, Indore.

16. Arunkumar, Mishra S, Mishra A K, Somayajulu P S S and
Kamath H S - "Experience In MOX fuel fabrication" -
Proceed. Powder Metallurgy Conf. Feb 10 - 12, 1997, Calcutta

17. Aniruddha Kumar, Bhatt R B, Arun Kumar, Kamath H S -
"End plug welding of BWR mixed oxide fuel rods by
Pulsed Gas Tungsten Arc Welding technique" Proceed.
Nuclear Welding Seminar - December 11 - 13, 1997, pp. 324
to 328.

18. NlraJ Kumar, Panakkal J P - "Use of rotation-Iteration
technique for analysis of ultrasonic velocity-pore volume
fraction relationship in ceramics", Proceed.
Non-Destructive Evaluation for Life Extension organised by
ISNT, NDE-97 Dec 12 - 13, 1997, Hyderabad.
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fuel at AFFF", BARC - 1997/1/014 (in Press).

20. Panakkal J P - "Longitudinal ultrasonic velocity as a
predictor of Young's modulus in porous materials"
Materials Evaluation, Vol 55, Dec 1997, pp 1367 - 71.
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ANALYTICAL CHEMISTRY DIVISION

Major Achievements

Service Analysis

The main thrust of the activity of Analytical Chemistry Division was to provide essential
analytical service support to various Divisions of BARC, other units of DAE and other
government, academic or private organisations whenever needed. Analysis support was provided
to different Divisions of BARC on their various day to day activities as well as on their special
projects. A total of about 2700 samples involving 8060 determinations were analysed during
the year. The types of samples analysed included:

1. Metals like Uranium, Cd, Mg, Ta, V, etc.
2. Alloys like steels, Al-Li, U-Al-Ti, Bronze, Zircaloy, Fe-Nd, Ni-Cr, Silumin etc.
3. Inorganic compounds like Nb oxides, Ti, Ti-Cr borides, Zirconia, Hydroxy apatite etc.
4. Rocks and minerals like di calcium phosphate, molecular sieves, zeolites, rock ore samples

from Kokilamedu etc.
5. Reactor materials like boron carbide, inconel, control pins, heavy water etc.
6. Organic compounds, organo Sb, As, Pt, Pd complexes and other organometallic compounds.
7. Biological and environmental materials like blood serum, semen, environmental or effluent

solutions.
8. Transformer oils, natural gas and penetrants for the analysis of gases and anions.
9. Other miscellaneous materials like graphite powder, WS2, glass, PTFE powder etc.
10. Various solution samples like MnSO4, Be-Solution, Cu-Ni-Co-Cr solutions, decontamination

solutions and other aqueous or sea water samples, ground water samples containing arsenic,
forensic sample solutions etc.

Various analytical techniques like conventional gravimetry and volumetry, other
instrumental analytical techniques or instruments like spectrophotometry, AAS, GFAAS,
DCPAES, mercury analyser, fluorimeter, ion selective electrodes, various chromatographic
techniques like gas, liquid and ion chromatography, elemental analysers for C, H, O, N, various
electroanalytical techniques like differential pulse and anodic and cathodic stripping voltammetry
were employed. Other specialised analytical techniques like particle size and surface area analyser,
XRF, thermal analysis etc. were employed as and when needed. Providing fast, accurate and
efficient analytical services to solve the problems of various user departments continued to be the
main motto of the Division.

Special efforts were devoted to the analysis of high purity materials like Ga and arsenic.
Procedures were developed and tested for the analysis of high purity arsenic. Validation of these
procedures is being carried out.
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Basic Research

Selective uphill transport of zinc from a mixture containing Cu, Pb, AJ and Fe was studied
with Nafion membrane using suitable masking agents like EDTA. 1,10 phenantholine formed a
stable cationic complex with zinc while other metals were suppressed by the formation of anionic
complex with EDTA which facilitated the selective permeation of Zn. Facilitated transport of
halides through Nafion ionomer membrane containing lanthanide complexes was studied by
preparing chemically modified Nafion 117 membrane containing precipitated metal complexes of
Eu and Pr with some chelating agents. The high permeation of halides was attributed to the direct
coordination of anions to the central lanthanide ion. The permeation of silver through a bulk liquid
membrane was also studied. Silver ions permeated from a feed solution into a receiving
compartment containing 1M sodium thiosulphate. The use of other stripping agents was
investigated.

Ion exchange behaviour of lithium and gold were studied in order to develop conditions for
their selective uptake and elution. The methods were adopted for the separation of lithium from
other alkali metals and of gold from other impurities in rock samples.

Copper-tellurium system was studied by X-ray diffraction at various temperatures from
300-675K. The solid state transitions observed were studied using this data.

Studies on possible nuclear transmutation in nature was investigated using green gram
seeds. Studies were made by analysing fresh and germinated seeds by AAS and NAA after dry
ashing of the plant samples. Some significant changes in the elemental concentrations were noticed
and further studies to confirm the results are in progress.

Investigation of the effects of magnetic field on the manifestation of anomalous phenomena
during electrolytic charging of deuterium into palladium was carried out. Investigation of nuclear
transmutation reactions in the cold by means of the Patterson Power cell was also attempted.

Redox behaviour of biotin by cyclic voltammetry was studied. The nature of the reaction
and the products formed are being investigated.

Cyclic voltammetric behaviour of Pd-DMG complex in ammonia buffer was studied and a
method for the determination of trace levels of Pd in recombiner catalysts was worked out.

A prototype of a glucose biosensor was fabricated using Pt disc as working electrode and
silver wire embedded in teflon as reference electrode. Work on immobilised glucose oxidase layer
on a platinum surface is in progress.

Thermal decomposition of ammonium uranyl carbonate coprecipitated with gadolinium
carbonate was studied by DTA-TG and EGA as well as by X-ray diffraction. The mechanism for
the decomposition reaction is being elucidated.

Efforts were continued to apply nuclear methods for forensic purposes by the measurement
by INAA of As, Sb, Fe and Zn, likely to be present in the hands of persons handling the country
made weapons. Trace element profile of suspected alcoholic beverages by INAA was also studied
in order to investigate their use in forensic investigations.
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Analytical And Applied Research

Methods were developed or standardised for:

1. Simultaneous determination of Zn, Cd, Pb and Cu in MnSO4 solutions by differential pulse
anodic stripping voltammetry.

2. Analysis of Cu, Pb, Cd and Zn in high purity arsenic metal samples by anodic stripping
voltammetry. Analysis of Zn, Cd, Pb, Cu, Bi and Sb in arsenous oxide by DPASV was also
carried out. Determination of Se was carried out by cathodic stripping voltammetry.

3. Analysis of inconel and oxide layer for fluoride, which was needed in connection with the work
on reactors.

4. Analysis of coating of fluorescent tubes for various trace constituents like Cd, Ni, Zn, Sb, Cr,
Mn, Cu, Pb etc. by AAS in connection with the studies on possible leaching of toxic elements
from used fluorescent tubes.

5. Analysis, of Ba on Ta foil by DCPAES in connection with the possible isotope separation using
magnetic field.

6. Analysis of graphite for trace impurities like Fe, Al, Ca, Ti, Cd, V and Si in connection with
their use in reactors and other applications.

7. Determination of trace levels of AJ in blood by GFAAS in connection with the aluminium
. toxicity in patients undergoing dialysis.

8. Analysis of developer solutions from NPC for anions in connection with their use in reactors.

9. Analysis of leaf materials for trace elements in connection with environmental studies.

10. Ground water samples for trace arsenic by DCPAES and hydride generation technique.

11. Determination of trace impurities in calcium metal.

12. Determination of trace elements like Zn and Mg in semen samples by AAS.

13. Determination of U in Zircaloy at ppb level by NAA and fluorimetry at the request of NFC.

14. Selective removal of impurities from As/ AS2O3 by selective sublimation/ distillation of arsenic.

15. Thermal characterisation of calcite, Sb-oxide and zirconium antimonate using DTA/TGA.

16. Analysis of trace elements and Nitrogen in radiation processed hydrogels for use in scar
healing.

17. Analysis of impurities in CaSO4 TLD powder, calcite and lithium pentaborate.
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18. Assay of glass powder and the analysis of trace constituents in sea water in connection with
environmental surveillance of off-shore oil drilling sites.

19. Analysis of arsenic in ground water and of trace impurities in acetic anhydride.

Special Efforts

A project on Augmentation of analytical chemistry research facilities as part of Ninth Plan
Project on Research in Frontier Areas of Chemical Sciences was prepared. Advance action has
been initiated towards the implementation of the project.

A differential thermal analyser for operation in the temperature range of 25 to 950°C in
controlled atmospheres was fabricated and calibrated.

Two units of versatile electrochemistry system having facilities for various
electroanalytical techniques like cyclic voltammetry, differential pulse polarography, square wave
polarography were fabricated and tested.

An Ultratrace analysis laboratory for the analysis of high purity materials is in advanced
stage of commissioning. An atomic absorption unit with provisions for flame, graphite furnace and
hydride generation was installed and tested. HEP A filters were newly installed and arrangements
are being made to ensure continuous water supply to the laboratories. The laboratory is expected
to become fully functional soon.

Electronic services were extended to users of this and other Divisions on the maintenance
of sophisticated analytical units or for upgradation of existing facilities for better utilisation.

A laboratory scale gas-solid reaction chamber facility for various reducing, inert or
oxidising atmosphere at temperatures from 25 to 700°C was fabricated and used for dynamic as
well as static gas phase reactions.

Collaborations

Analytical Chemistry Division extended active support and collaboration on the use of
nuclear techniques in various fields like forensic science or geology. Active support was extended
to the NAA unit of Central Forensic Science Laboratory, Calcutta, located at ACD. Irradiation/
counting facilities were also extended to the GSI Laboratory situated at Pune and to the AMD
Laboratory at Hyderabad as and when needed.

Collaboration was extended to Goa University on the determination of rare earths and
phosphates in rare earth glasses having a combination of single or two rare earths like Sm, Dy, Nd
and La with phosphate. Analysis was carried out by gravimetric or volumetric procedures.

A method was developed by NAA for the determination of platinum group metals like Pd,
Au, Pt, Ir etc. in chromite containing rocks, ultramafic or gabbroic rock as part of collaboration
with the Dept. of Geological Sciences of Jadavpur University.
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Consultancy And Training

Consultancy was provided to COSWAC. SARCOP. Bureau of Indian Standards
Department of Science and Technology, BRNS, etc.

The Division was actively involved in the man power training and development and
lectures, practical training etc. were extended to students of the HRD Centre, in-house stipendiary
trainees and to other University students as and when needed.

One staff member received Ph.D. degree from Bombay University during the year. Some
other students are actively pursuing their research work for Ph.D. and M.Sc degrees of Mumbai
University.

Quality Certification

Efforts were initiated to earn ISO quality certification for the analytical procedures and
chemical laboratories of Analytical Chemistry Division. Work on the preparation of appropriate
procedures and strengthening the quality control and quality assurance is in progress.

Symposia, Awards And Honours

One staff member was awarded the prestigeous Metzer Award and IAIA Award for
excellent service to analytical sciences. Several staff members were actively associated with
various scientific and professional organisations dealing with analytical chemistry and participated
in the National Symposia/ Seminars organised by them.

Publications (Journals)

1. Adsorptive stripping voltammetric determination of chromium in gallium.
MM Palrecha and P.K.Mathur.
Talanta, 45(1997), 433-436.

2. Polyaniline as a base material for preparation of mercury standard for use in NAA.
Rakesh Verma, Sanjiv Kumar and R.Parthasarathy.
J.Radioanal. Nud. Chem. Art., V218(1997) 189.

3. Trace determination of vanadium in various waters by differential pulse adsorptive stripping
voltammetry.
K.S.Rao, M.M.Palrecha and R.G.Dhaneshwar.
Electroanalysis, 9(1997) 804-806.

4 Estimation of Th in gas mantles to ascertain regulatory compliance.
G Sadagopan, K.S.V Nambi, G.Venkatraman, V.K.Shukla and S.R.Kayasth.
Radiation Protection Dosimetry U 71(1997) 53.

5. Forensic comparison of gold ornaments by trace element characterisation.
A.K Basu, N.Chattopadhyay, M.S.Rao and R.Parthasarathy.
J.Indian Acad. Forensic Sci.33(l and 2)(1997) 57-62.
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6. Water sorption isotherms and cation hydration in Dowex 50 W and Amberlyst-15 ion
exchange resins.
R.S.Toteja, B.L. Jangida, M. Sundaresan and B. Venkataramani
Langmuir 13 (1997), 2980-2982.

7. Determination of methyl mercury in fish and shrimp around Bombay region
A.P.Waivekar, B. Maiti and T.S. Krishnamoorthy
Advances in Environmental Science,
Ed. C.S.P. Iyer, Educational Publishers and Distributors, New Delhi, (1997), p.295.

8. Neutron activation analysis in environmental studies
R. Parthasarthy and T.S. Krishnamoorthy
ibidp.95.

9. Analytical chemistry in BARC.
P.K.Mathur, BARC Newsletter, July, 1997, p.3.

10. ISO-9000 standards.
P.K.Padmanabhan and P.K.Mathur
ISAS Bulletin, April-June, 1997, p.9-15.

11. Isotopes in geochronology.
M Sudersanan
ISAS Bulletin, July-Sept. (1997), p.3.

12. 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(ln press).

13. Permeation of inorganic anions through Nafion ionomer membrane.
E.K.Unnikrishnan, Sangita D.Kumar and B.Maiti.
J. Membrane. Sci(In press).

14. Kinetics of decomposition of ammonium uranyl carbonate - A TG-DTA-EGA study.
P.V.Ravindran, K.V.Rajagopalan, Jayshree Ramkumar and P.K.Mathur
Thermochim Acta (communicated).

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

16. Trace element profile of semiconductor materials Gallium and Arsenic
S.R.Kayasth, N. Raje, T.P.S. Asari and R. Parthasarthy
Anal. Chun, Acta (communicated).

17



17. 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. Parthasarthy, P?K. Mathur, A.K. Kohli and P.K. Limaye
Nuclear Instruments and Methods in Physics Research B (communicated).

18. Levels of trace elements of few Indian spices by EDXRF
D. Joseph, M. Lai, H.N. Bajpei and P.K.Mathur
J. Food. Sci. Technol (communicated).

19. Voltammetric determination of metal ions in micronutrient fertilisers
S.C. Hodawadeker, MM. Palrecha, A.V. Kulkami and P.K. Mathur
Bulletin of Electrochemistry(communicated).

20. Cyclic voltammetric behaviour of thio acetamide
MM Pah-echa and P.K. Mathur
Ind. J. Chem.(communicated).

Publications (Symposia)

1. Determination of cross section of a- induced reaction on Zr for surface analysis by thin layer
activation technique.
D.P.Chowdhury, Sujit Pal and R.Parthasarathy.
Proc. Nucl. Radiochem. Symposium, Calcutta, Jan, 1997, p.329.

2. Determination of low-Z elemental impurities in semiconductor grade materials by charged
particle activation analysis.
Sujit Pal, D.P.Chowdhury and RParthasarathy.
ibuLp.331.

3. Electrochemical studies of U** reduction at hanging mercury drop electrode.
A.V.Kulkarai and P.RRakshe.
ibid., p.354.

4. Determination of the stoichiometry of uranium oxide by differential pulse polarography.
M.M.Palrecha.
ibid., p.356.

5. Recovery of rare earth elements from copper concentrate tailings and other by-products of
UCIL, Jaduguda : A preliminary study.
D.RPant, S.R.KayasthandRParthasarathy
ibid., p.358.

6. Search for recoverable elements from different stages of process plants of uranium: An
overview.
S.R.Kayasth and D.RPant.
ibid., p.360
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7. Challenges and opportunities in the analytical chemistry of thorium.
P.k.Padmanabhan
Proc. XII ISAS National Symposium on Analytical Techniques for Safety and Sufficiency of
Natural Resources/ Products (INSAT-97), Kottayam, February 1997.

8. Elemental analysis of a few selected thorium bearing ores by energy dispersive x-ray
fluorescence (EDXRF).
P.K.Patra, Madan Lai and H.N.Bajpei
ibid., p.5.

9. Analysis of traces of metal ions in thorium.
Nyoti S. Shenoy and M.Sudersanan.
ibid., p.20.

10. Preparation of high purity uranium and thorium oxide.
Satish Kayasth, Naina Rajeand RParthasarathy.
ibid., p.24.

11. Determination of non-metallic elements (carbon) in thorium metal.
S.P.Awasthi, V.R.Joshi and P.K.Mathur.
ibid., p.55.

12. Analytical techniques for zirconium and its compounds.
P.K.Sharma, K.V.Iyer and M. Sudersanan.
ibid., p. 63.

13. Analysis of nuclear fuels. Estimation of impurities in uranium.
J.C.Upadhya, S.S.Thantry, M.M.Ali and M. Ramanamurthy.
ibid., p.67

14. Determination of selenium and tellurium in lead and zinc concentrates.
A.C.Udas and M.M.Ali.
ibid., p.72.

15. Analytical methods for the analysis of titanium containing materials of nuclear importance.
K.S.Shrimal and K.V.Iyer.
ibid., p. 76.

16. Determination of individual rare earths in misch metal by INAA.
D.RPant
ibid., p.83.

17. Electrochemical studies of ascorbic acid at glassy carbon electrode.
S.C.Hodawadekar and A.V.Kulkami
ibid., p.86.
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18 Studies of trace elements of a few selected Indian spices by energy dispersive X-ray
fluorescence (EDXRF) method.
D Joseph, M.Lai and H.N.Bajpei.
ibid., p.93.

19. Elemental analysis of a few selected Ayurvedic medicines and their herbal ingredients namely
Tulsi and Neem leaves by energy dispersive X-ray fluorescence (EDXRF) method.
D.Joseph, H.N.Bajpei and M. Lai
ibid, p. 117.

20. Analytical techniques for the characterisation of flyash and coal samples.
S.S.Thantry, Shaji C.Kumar, M.Sudersanan and T.S.Krishnamoorthy.
ibid, p. 128.

21. Anahtical techniques for health and safety.
A.C.Udas, S.S.Thantry and P.K.Mathur
ibid. p. 132

22. AnaKtical techniques for trace element characterisation of algae grown under different
environments.
Shaji C. Kumar, S.S.Thantry, M.Sudersanan and P.K.Mathur.
ibid, p. 136.

23. Estimation of iron in diamond grade zirconia.
S.C.Chaurasia and AC Udas
ibid., p.237.

24. Herbal cure for cancer.
P. K. Padmanabhan
ibid., p.260.

25. Svnthesis and characterisation of lead silicate glass.
V.K.Shrikhande, T.Mirza, B.B.Sawant, K.P.Muthe, P.V.Ravindran, G.P.Kothial,
S.C.Sabharwal and V.C.Sahni.
Annual Meeting of Materials Research Society of India, Mumbai, February, 1997.

26. Estimation of trace metals in whole blood of thalassaemia patients.
M Ramanamurthi and B.N. Patel.
National Symposium on Metal Ions in Biological Systems, Madras, March 1997.

27. Estimation of metal ions in biological systems.
A.C.Udas, S.S.Thantry and M.Sudersanan
ibid.

28 Voltammetric determination of metal ions in nucronutrient fertilizers.
S.C.Hodawadekar, M.M.Palrechaand P.K.Mathur.
National Symposium on Recent Trends in Instrumental Methods of Analysis, Roorkee,
September, 1997.
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29. Development of a coper ion selective electrode using copper and silver doped chalcogenide
glass membranes.
P.K.Sharma, S.P.Awasthi and P.K.Mathur
ibid.

30. Cyclic voltammetry of glutathione.
S.C.Hodawadekar, M.M.Palrecha, A.V.Kulkami and P.K.Mathur.
ANACON-97, Mumbai, December 1997.

31. Selective transport of zinc across Nation membrane.
Jayshree Ramkumar, B.Maiti and P.K.Mathur.
ibid.

32. Seminal plasma zinc (Zn) and magnesium (Mg) levels in fertile and infertile men with
varicocele.
K.Gopalakrishnan, V.Podwal, M.Sudersanan, S.SThantry, S C.Shaji and P.K.Mathur.
ibid.

33. Application of nuclear analytical techniques in forensic science.
N.Chattopadhyay, M.S.Rao, R.Parthasarathy and P.K.Mathur.
ibid.

34. High gold contents of two unknown solid samples - A mystery.
N.Chattopadhyay, A.K.Basu, A.B.R.Tripathi, M.S.Rao and R.Parthasarathy
85th Session of Indian Science Congress, January, 1998.

35. Role of zinc and nickel as additional indicators for gunshot residues - Combination approach
ofNAA/AAS.
N.Chattopadhyay, A.K.Basu, M.S.Rao and S.S.Thantry.
Tenth All India Biennial Forensic Science Conference, Bhubaneswar, November, 1997.

36. A radiochemical NAA method for the determination of tin, barium, copper and antimony -
Role of tin as indicator for gunshot residues.
N.Chattopadhyay, A.K.Basu, A.B.R.Tripathi, M.S.Rao, S. Anilkumar, R.Parthasarathy and
P.K.Mathur.
Proc International Conference on Application of Radio Isotopes and Radiation in Industrial
Development (ICARID -98) Mumbai, February, 1998, p64.

37. Thin layer activation techniques for the determination of surface wear in zircaloy material in
nuclear reactors.
D.P.Chowdhury, Sujit Pal, R.Parthasarathy, P.K.Mathur, A.K.Kohli and P.K.Limaye.
ibid, p68

38. Electrochemical aspects of corrosion in nuclear and thermal power industry.
P.K.Mathur.
Annual Meeting of the Mumbai Chapter of the Society for Advancement of Electrochemical
Science and Technology (SAEST), Mumbai, July, 1997.
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39. Advanced electrochemical techniques in environmental analysis.
P.K Mathur and M.M.Palrecha
34th Annual Convention of Chemists, Delhi University, Delhi, December, 1997.

40. Analysis of metal ions in biological materials.
S.C.Kumar, S.S.Thantry, M.Sudersanan and P.K Mathur.
International Conference on Chemistry, Industry and Environment (ICCIE-98), Aligarh,
February, 1998 (Accepted).

41. Recent analytical techniques for environmental samples.
A C.Udas, S.S.Thantry, M Ramanamurthi, M.Sudersanan and P.K.Mathur.
ibid (Accepted).

42. Geochemistry using Ar-Ar dating system.
M.Sudersanan, G.RReddy and P.K.Mathur.
1 lth National Symposium of Indian Thermal Analysis Society, (THERMANS 98), Jammu,
March, 1998 (Accepted).

43. Application of ion selective electrodes in trace analysis of nuclear materials.
P.K.Sharma, N.S.Shenoy, M.Sudersanan and P.K.Mathur.
National Symposium on Electrochemistry in Nuclear Technology NASENT-98, Kalpakkam,
April, 1998 (communicated).

44,. Excitements in elemental analysis
... P.K. Padmanabhan and P.K. Mathur

Proc. Conf on Recent Advances in Elemental Analysis, Mumbai, Oct. 1997. 1-4.

45. Electrochemical studies of \f+ reduction in sulphocalicytic acid complexing medium at
hanging mercury drop electrode.
PR. Rakshe, MM. Palrecha, A.V. Kulkarni and P.K. Mathur
16th Conference of Indian Council of Chemists, Mangalore, Dec. 1997.

46. Analysis of natural graphite for trace impurities
S.S. Thantry, S.C. Kumar, M. Sudersanan and P.K. Mathur
ibid.

47. Toxic metal determination in fluorescent lamp phosphor with reference to possible ground
water pollution at used lamp dumping sites
S. Srisaila, T.N. Mahadevan, P.K. Sharma and Ch. Prabhakar
Proc. Symp. on Advances in Chemical Eng-97, BARC, Mumbai, Oct. 1997, p.315.

48 Preparation and characterisation of yttrium aluminium garnet by homogeneous precipitation
technique.
S. Ramnathan, S.K. Ray and P.V. Ravindran
Proc. 61st Annual Session of the Indian Ceramic Society, Ahmedabad, Dec. 1997, p.Ill B,
28-31.
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49. On the phase transition in the copper telluride Cu2 8 Te2.
A. Sankaranarayanan, P.V. Ravindran, S.C. Kumar and M.D. Mathews
1 lth National symposium of Indian Thermal Analysis Society (THERMANS-98), Jammu,
March 1998 (Accepted).

50. Ion chromatography for determination of anions and cations
B. Maiti, Sangita D. Kumar and P.K. Mathur
Indian Aerosol Science and Technology Association (IASTA) Workshop-1998, Mumbai,
February, 1998 (Accepted).
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APPLIED CHEMISTRY DIVISION

Major Achievements

Reactor Related Studies

The thrust area of work has been evolving suitable
methodologies for decontaminating reactor surfaces. After
successfully demonstrating the capability of dilute chemical
decontamination for PHWR surfaces attempt are being made to
develop a suitable methodology for decontaminating BWR surfaces.

The two approaches being tried are: (i) use of the same
procedure (EAC) as that for PHWRs and (ii) use of LOMI (Low
Oxidation Metal Ions). A comparative assessment of the two
procedures has been made. The other studies include
dissolution of haematite/chromium substituted haematite in
mixtures containing complexing and reducing agents, both with and
without a pre-oxidation step using alkaline permanganate.
Preparation of V2+ based solid LOMI formulation was attempted and
solubility of VO in formic acid was evaluated. In the same
context a procedure has been evolved for processing the
effluents from chemical decontamination. Based on these extensive
studies a feasibility report for carrying out chemical
decontamination of the clean-up system of TAPS Unit # 2 has been
prepared.

Grain boundary diffusion of "Zr in Incoloy-800 was studied
at various temperatures and the diffusivity values were
determined; segregation of "Zr in these specimens was studied
using the autoradiographic technique. In the same context,
diffusion of Xe in SS-340 was studied to understand the migration
behaviour of fission gases in reactor materials.

Three compounds viz. 2 phenyl thiourea, 2 mercapto
benzimidiazole and 2,5 dimereapto thiadiazole were tried as
corrosion inhibitors for CS in various acidic media such as
hydrchloric acid, sulphuric acid, citric acid etc. and phenyl
thiourea was found to be the best inhibitor.

Complex Chemistry

Chelates of aluminium with salicylic acid were investigated
in detail. Solid cheates of Al with sulpho salicylic acid were
prepared and characterised by XRO. ZH NMR studies on AlCls-
salicylic acid and AlCis-5-sulpho salicylic acid complexes were
also carried out.
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Various aspects of manganese in sea water were investigated.
A spectrophotometric method for estimating manganese content in
sea water was standardised. The extent of influence of dissolved
oxygen, chlorine and total dissolved solids on the measured
concentration of manganese in sea water was studied.

Radiation and Photochemistry

Work was carried out on the photodegradation of model
pollutant8 such as aromatic amines and carbon dioxide formed was
estimated by gas chromatography as a measure of the degradation
of oxygen saturated aniline solutions photolysed in presence of
hydrogen peroxide. In this context, pulse radiolysis technique
was employed to study one-electron oxidation of 2, 3, 4-amino
phenol8 and 1-napthylamine 4-sulphonic acid in order to
understand the mechanism of photodegradation of these compounds
in aqueous solutions. Radiation chemistry of ammonia and
hydrazine in aerated aqueous solutions was studied in the context
of their use as 'oxygen scavengers' in the primary coolant
circuits of VVER type PWRs. The radiolysis products were
identified and the mechanism of oxygen removal was elucidated. A
new colorimetric method for estimation of hydrazine in presence
of ammonia was standardised.

Solid State Reactions and Thermodynaroic Studies

Solid state reactions in a number of systems were
exhaustively investigated with a view to understand the basic
mechanism and to evolve alternative routes to the synthesis of
useful materials. They included preparation of chromium ferrite
using an alternative oxalic acid route, synthesis and study of
magnetic properties of parent and substituted scandium
manganates, preparation of KMgFs, NaMgFs and KCuF», phase
transition and bulk thermal expansion studies on Lai-xMxCrOs [M =
Sr, Nd; x = 0.10 to 0.30], synthesis of VO, synthesis and
characterisation of Sr** doped Mn2Os, other mixed fluorides etc.
Other areas pursued include preparation and characterisation of
3-LiaMFe (M = Qa and Mn), M'7EreF$2 (M'= Ba, Sr), dilatometric
studies of LaBa2Cu2C0O7•«, high temperature diffractometric
studies on 0 barium borate and rare earth oxyfluorides.

Thermodynamic studies centered around reactor applications
and included the study of phase diagram of CaO-TeO2 and BaO-TeOs
systems, characterisation and thermal stability of uranium
tellurites and te 11 urates [UTesOs , UTeO4 , UTesOt and UTesOe]. The
other studies include measurement of vapour pressure of
uranium-iron alloys, determination of standard Qibbs energy of
formation of Th2Mo2 0s, standard enthalpies of formation of
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and BaToOj. Differential thermal analysis study of phase
transitions in BaCOs and SrCOa and several other compounds
recommended as standards in thermal analysis was also carried
out to calibrate the newly procured instrument.

Instrumentation

Since instrumental methods are used for investigation of
solid state and thermodynamic aspects, the Division continued to
give emphasis towards updating the instrumental set up. Some jobs
undertaken include fabrication of tantalum carbide cups for
compatibility studies of uranium alloys, fabrication and
reassembling of DTA sample carriers and Installation of a new
Setaram simultaneous TO-DTA apparatus. A special system
incorporating the cryogenic facility was designed and fabricated
to study the fission gas release behaviour of the irradiated
fuel. A poportional temperature controller with digital display
was designed.

Consultancy. Training and Services

The Division actively participated in the training programme
for the chemistry trainees of the 40th and 41st batches of BARC
Training School. A lecture course on 'Nuclear Reactor Chemistry'
was delivered to the NPCIL Stipendiary Trainee Engineers.
Consultancy services to Nuclear Power stations/ Research reactors
and Heavy Water Plants were provided. Analytical services (XRD,
HTXRD, TG, DTA etc.) were provided to other Divisions/DAE units
and more than one thousand eight hundred samples were analysed.
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ATOMIC FUELS DIVISION

Major Achievements

1.1 Research Reactor Fuel

Uranium metal fuel requirements of CIRUS & Dhruva were met as per
required schedule.

1.2 Extrusion Processing Route

Extrusion route has been adopted as an alternate to rolling route
for production of Dhruva fuel pins. The main advantages of this
route are higher yield and lower rejections. A large number of
clusters assembled by using extruded pins were loaded in the
reactor for high scheduled burn-up. Their performance is quite
satisfactory. Half the core will now have clusters made by
using extruded pins.

1.3 Advanced Fuel Cladding Technique

Considerable progress was made in the development of advanced
pulsed magnetic forming & welding (PMFW) for Dhruva fuel pins.
This route facilitates carrying out all the three basic
operations of pin fabrication viz. plug fixing, canning &
welding, in one continuous operation. Also, auxiliary
operations like cutting, fixing, end rounding etc in the existing
route get eliminated. The technique, apart from being cost &
labour effective, will also be amenable to automation.

Joint geometry was suitably modified to increase strength of
joint between aluminium plug and uranium rod. The joints
withstood load of 925 Kg. One cluster with plugs fixed by this
route was tested out-of-pile for 100 cycles of 2 hrs each.
Subsequently the cluster was opened, and showed no deviations or
damage.

Concentrators were fabricated for canning and welding. Welding
was achieved successfully at 19 kV.

1.4 BWR Control Blade

Two boron carbide control blades were fabricated and supplied to
TAPS.

1.5 Reactivity Mechanisms for PHWRs

18 stainless steel mechanical shut off rods, 18 Zr-2 primary shut
off guide tubes & 4 liquid poison tubes (secondary shut off
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tubes) were fabricated and supplied to NPC towards requirement of
RAPP III and Kaigall.

1.6 Superconductors for Cyclotron »•

Towards development of multi-filamentary super conducting wire
for VECC, an extrusion billet assembly was prepared by assembling
558 nos. of Cu/Nb-Ti hexagonal elements in OFHC copper sleeve of
98 mm OD and 86.4 mm ID. The assembly was vacuum sealed by EBW.

1.7 Thoria for PHWR: 600 Kg of sintered ThO2 were center-less ground
and dispatched to NFC for assembling into thoria bundles.

1.8 Fuel Rod Assembly

Inner rod sub-assembly was fabricated for the prototype fuel rod
simulator being developed for RSD.

1.9 In-Service Inspection for NPPa and other Installations

1.9.1 ECT & UT trials were taken using new drive mechanism for BARCIS.

1.9.2 New UT technique was established for detection of hydride blisters
in pressure tube using Advanced Ultrasonic Imaging system
developed by Electronics Division, BARC.

1.9.3 Inspection of TAPS Shroud experiments were conducted to
generate . IGSCC of roaring depth by controlling the time
factor.

1.9.4 Twenty two nos. of coolant were eddy current tasted for MAPS.

1.9.5 Two nos. of clandria tubes and 20 nos. of coolant channels of
RAPS II were E.C tested.

1.9.6 Five nos. of Heat exchangers having a total of 6350 of tubes were
EC tested at HWP, Managuru.

1.9.7 Twelve Heat exchangers of HWP, Kota having 6717 tubes were also
EC tested.

1.10 Laser material processing

1.10.1 Cutting of AFRP (Aramide fibre Reinforced Plastics) composites
using conventional tools produce problems such as delamination,
debonding, fibre pullout, tool wear etc. Laser cutting being a
non-contact process, does not involve any mechanical cutting
forces and tool wear. Laser process parameters such as pulse
energy, pulse duration, process speed and cutting gas pressure
affect quality. These parameters were optimized using an Nd-YAG
laser of 300 W average power to obtain good quality cut in AFRP
composites.

1.10.2 Profile cutting of zircaloy-4 & stainless steel AISI 304 sheets.

One of the main advantages of laser cutting is use of CNC work
station for cutting difficult profiles of different materials.
The optimum cutting parameters required to cut 1.0 mm thick
zircaloy-4 and 1.0 mm AISI 304 stainless steel sheets using 300 W
(av. power) Nd-YAG laser were established. The actual pieces in
required profiles cut using these parameters on an X-Y CNC
worktable were burr-free.
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1.10.3 For a precision electronics application, it was required to cut
glass epoxy boards claded with 50-70 micron thick copper layer
without destroying the bond between the cladding and the glass
epoxy board. Process parameters for Nd-YAG laser cutting were
optimized and pieces of required dimensions were cut from the
boards. The thickness of copper cladding was also measured on
metallographically prepared samples using optical microscopy.

1.10.4 Weldability of 16 Ni maraging steel was studied using a 300 watt
power Nd-YAG Laser.

1.10.5 Experiments were conducted on zircaloy-4 & stainless steel sheet
to establish the optimum parameters for different width & depth of
marking by Laser.

1.11 Experiments were conducted to detect lack of bond between brazed
silver & brass joint using immersion technique of U.T.

1.12 Technical services

Utilizing specialized fabrication and quality evaluation
equipment & personnel of the division were offered on requests to
other divisions of BARC, NPC, HWP etc.

2.0 Quality Assurance activities

2.1 Regular Q.S work was carried out at NFC, Hyderabad on PHWR & BWR
fuel, coolant & calandria tubes, cobalt absorber assemblies &
garter springs.

2.2 QA work was also carried out for fabrication orders of CIRUS re-
refurbishment, Dhruva emergency core coolant system.

3.0 Publications:

1) "Stresses, Defects and microstructure - reference to chemical
environment" P.G. KuIKarni, Process of DAE business meet and
workshop on NDT, Calcutta.

2) "Applications of Radiography & Radiometry" P.R. Vaidya, Proce
of DAE business meet & workshop on NDT, Calcutta.

i

3) "Acoustic Emission - Case studies", B.K.Gaur, Proc. of DAE
business met & workshop on NDT, Calcutta.

4)"Significance of flaws & welds failures" B.K.Shah, Proc of 'NDT
course for managers" Mumbai.

5)"Leak testing technique" Anis Ahmed, Proc of 'NDT Course for
managers" Mumbai

6)"Liquid penetrant testing" K.K. Abdulla, Proc of 'NDT course
for managers' Mumbai.

7)"Development of In-service inspection techniques for detection
of inter-granular stress corrosion cracking in AISI 304 core
shield welds of BWRs" A.K. Bandopadhyay, M.Bandopadbyay, P.P.
Nanekar, R.Ramanathan, B.K. Shah 6 P.G. Kulkarni, Proc. of
CORCON-97, Mumbai, Dec 97.
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8}"Assessment of susceptibility to stress corrosion cracking in
expanded austenitic S.S-310 L tube-to-tube sheet joints' A.K.
Sinha, K.R. Gurumurthy, B.K.Shah, P.G. Kulkarni, Proc. of
CORCON-97, Mumbai, Dec-97.

9) Metallographic QC of austenitic stainless steel welds" B.K.
Shah, K.R. Gurumurthy, & P.G. Kulkarni, Proc of National Symp of
IIW, Bangalore, Dec 97.

10)Fabrication of reactor control & shut off assemblies" P.B.
Desai, D.G. Palnitkar, V.G. Date, N.G. Dutta, Proc of Workshop on
Reactor shut down systems, IGCAR, Kalpakkam, March-97.

11)"Leak detection and location using AE technique1 S.K. Jah,
G.L. Goswami, Proc. of National workshop on AE-97, Aug 97,
Mumbai.

12)'In process weld monitoring by AE technique'. B.P. Badgujar,
S.K.Jha, G.L. Goswami, Proc of National Workshop on AE-97, Aug-
97, Mumbai.

13)Detection of zirconium hydride blisters in pressure tubes of
pressurized heavy water reactors.P.P. Nanekar, M.D. Mangsulikar,
M.Bandopadhyay, A.K.Bandyopadhyay, R. Ramanathan, S. V. Paibhale,
B.K.Shah & P.G. Kulkarni, NDE-97, Dec 98, Hyderabad.

14)Ultrasonic characterization of Alumina-Zirconium silica
ceramic.
P.P. Nanekar, A.K. Bandyopadhyay, M. Bandyopadhyay, Ravi Kannan,
M.D. Mangsulikar, P.R. Vaidya, B.K. Shah & P.G. Kulkarni, NDE 97,
Dec 97, Hyderabad.

15)Design of eddy current system for inspection of calandria
tubes in pressurized heavy water reactors.V.M. Bhole, Arbind
Kumar, U.N. Tripathi & P.G. Kulkarni, NDE-97, Dec 97, Hyderabad.
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BARC FACILITIES, KALPAKKAM

Major Achievements

"BARC Facilities, Kalpakkam" formed as a Group in 1995 is
responsible for (a) the planning execution and commissioning of
all Projects designed at BARC, Mumbai and being executed at
Kalpakkam, which include Kalpakkam Fuel Reprocessing Plant, Waste
Immobilisation Plant, Augmentation of Central Waste Management
Facilities etc. (b) Research and Development activities being
carried out at Central Waste Management Facilities & Water and
Steam Chemistry Laboratory at Kalpakkam in the field of radio
active waste management and water to be used in Reactors and
biological corrosion. A number of milestones were achieved
during the year 1997 which include completion of construction
phase of Project KARP; starting of Mechanical activities in WIP'
starting of Civil work for augmentation of CWMF etc. Details of
progress made in various fields are as follows:

1.0 : Kalpakkam Fuel Reprocessing Plant (KARP);

1.1 : Project Construction Activities;

The year 1997 was the year of completion of Project
construction activities. Entire construction activities
of the project can be divided into three categories i.e.
(a) Construction activities as envisaged in the original
scope of Plant:- About 99.83% of the construction
activities have been completed, (b) Additional works
arising due to modifications in the system based upon the
feed back received during performance testing of various
components/systems:- About 95% of the construction
activities have been completed, (c) Modifications arising
due to additions suggested by the advisory committee for
Project Safety Review constituted by AERB:- About 97% of
the construction activities have been completed.

Housing: Construction of houses for the staff is in
advanced stage and all houses are expected to be
available during 1998.

Budget: Out of the total sanctioned cost Rs.143.2 6
Crores; about 132.57 crores have been utilised.
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1.2 : Plant Commissioning Activities;

Commissioning activities of KARP had already commenced
last year. Various modes of transfers such as air lifts,
steam jets, diaphragm pumps and gravity flow, used in the
concrete cells were tested for their functioning to
obtain the rated flow. The transfers which have not
worked as per the designed capacity were investigated and
rectification of the same were carried out. The
commissioning activities have gained momemtutn and Acid-
TBP run in the Plant has been taken up.

1.2.1: Milestones achieved during 1997;

With the filling of demineralised water in fuel pond
and commissioning of connected D.M. Plant activities
in fuel storage area have been completed in all
respect.

Clearance from AERB was obtained for storing
irradiated fuel from MAPS in the FHA pond and
operating the various systems associated with it.

Trial chopping of NRG type fuel bundles was carried
out to study the chopper performance.

Clearance for Acid - TBP run has been obtained and
Acid - TBP run was started in the Plant.

1.2.2: Process systems Commissioning/Performance testing:

Testing and commissioning of various process components
such as 595 ejectors, 167 air lifts, 23 evaporators, 146
spargers, 152 sampling system etc. is nearly completed.
Based upon the performance testing results, modifications
were carried out in various components.

Also interlock systems for following process circuits were
tested:

1. Dissolver cooling system

2. No2 Reactor pressure cut off scheme.

3. Steam supply interlock system for evaporators.

4. Scavanging air supply cut off on dissolver
pressurisation.
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1.2.3: U~ Area/NO2 Unit/Mixture settler Unit:
'l

All the pumps in the uranous area for preparation of
neutralised hydrazine, uranous preparation unit
(electrlyser) and metering pumps for reducing strip,
scrub to 1BX, 2BX, 3BX columns were functionally tested.

The metering pumps for acid and NaNo2 solution
addition to No, reactor were tested. Also the
instrumentation tor No2 unit has been commissioned.

1.2.4: Plutonium Recoversion Laboratory;

Performance testing of blender with controller unit" was
done and installed in the Glove box. ' Assembly and
testing of precipitator columns was done.

1.2.5: Operation of Utilities &. Electrical systems:

Plant Utilities & Services systems & Electrical systems
which were already commissioned are being operated
regularly. These systems includes:

- Air condtioning Plant (3 x 600 TR Chiller Units)

Air Handling Units.

Ventilation system for Entire KARP.

Off gas and negative pressure system.

Substation A & B of electrical power supply and
distribution system.

Service water & fire water system.

Packaged boilers & steam system.

Air compressors and compressed air system.

Diesel generators.

2.0 : Waste Immobilisation Plant (Project WIP);

Civil Construction activities for main block are -:in full
swing and are expected to be completed by end 1998.
Construction of service building was completed.
Electrical cabling works are in progress.

Fabrication and installation of SS burried pipe lines is
in progress.
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3.0 : Centralised Waste Management Facility (CWMF);

3.1 : Operation and Maintenance:

1. The liquid Effluent Treatment Plant, Solid Waste
Management Facility and the Decontamination Centre were
operated satisfactorily to provide uninterrupted service
to MAPS, and various units of IGCAR. During 1997, about
24,000 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. Similarly, about 260 M , of solid wastes were
received and disposed to Brick Walled Treches (BWT),
Reinforced Concrete Trenches (RCCT), and Tile Holes (TH),
after treating by baling/incineration, wherever
necessary. In the Decontamination Centre, about 92 Te of
protective wear were received, decontaminated and sent
back to the users for reuse.

2. Category III liquid effluent received earlier from MAPS,
was treated by ion-exchange, by passing through two IX
columns containing mixed zeolite and fibre coated with
Cu-Fe hexa cyano ferrate respectively and connected in
series. The DFs achieved in five different treatments
with 2.05 M3, 1.62 M3. 1.50 M3, 0.424 M3 and 1.72 M3 of
liquid effluents were 4222, 1623, 1600, 1351 and 169
respectively.

3. From July 1997, all effluents from LEMP, MAPS are being
disposed to sea along with other tritiated and treated
effluents at CWMF. Testing of all liquid effluent lines
connecting MAPS, IGCAR etc, is being done after every six
months as per the guide lines stipulated by SARCOP, AERB.

3.2 : CONSTRUCTION WORK:

Construction of Tile Hole Group IV, RCC Trenches,
additional Pre and Post Treatment Tanks, asphaltic
concreting of roads, construction of kerb walls,
are under progress.

3.3 : REASERCH & DEVELOPMENT;

A demo unit for ultrafiltration system having two modules
of tabular and spiral wound membrane has been installed
and commissioned. Regular experiments for establishing
process parameter for treatment of low and intermediate
level effluent are in progress.
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Deep bed glass fibre filters have been designed fcr off-
gas clean up system for evaporation and concreting
facility. The system is being manufactured.

Studies have been undertaken for "Removal of radium from
rare earth chloride solution produced at IRE" and "NOX
destruction in off gas using catalyst". Site
characterisation studies for repository at Kalpakkam site
have been continued. Compilation of geo-technical data
is in progress.

4.0 : Water & Steam Chemistry Lab (WSCL):

4.1 : Chemistry Procrr̂ Tm"*T

Water and Steam Chemistry Laboratory in collaboration
with MAPS successfully decontaminated the MAPS-I primary
heat transport system in November 1997. Totally an
indigenous effort and fourth in India and second in MAPS-
I, went on smoothly and 160 Ci of 6 0 C Q and 40 Ci of
fission products and other radio activities were removed
from the system. Good decontaminatin factors ranging
from 2 to 15 were achieved on the various system surfaces
thereby bringing down the radiation field significantly
in those components.

R & D activities for understanding the corrosion and
ion exchange behaviour in the dilute chemical
decontamination formulations were carried out . In
addition, fundamental studies were carried out to
understand the mechanism of dissolution of corrosion
product oxides such as mixed ferrites and iron oxides in
prospective DCD formulation components such as Pyridine
Di Carboxylic acid (PDCA), picolinic acid and Nitrilo tri
acetic acid.

Detailed investigations have been carried out to
evaluate the EDTA based chemical cleaning formulations
for their efficiency in dissolving the copper and iron
containing sludge and their compatibility with the Monel-
400 tubed steam generator materials. Detailed
electrochemical and microphotographic evaluations have
shown that the formulations do not cause any localised
attack on the SG materials. Based on these studies, it
has been shown that a two stage chemical cleaning process
which uses Ehtylene Diamine Tetra Acetic Acid (EDTA) as
the complexant can be used to chemically clean the PHWR
steam generators.
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A modular simulated test facility (SIM loop) has
been constructed out of stainless steel, which will
enable testing of the decontamination formulation at
pilot plant level. SIM loop can also be used to carry
out component decontamination, corrosion studies, ion
exchange studies related to decontamination etc. The
loop is already commissioned at WSCL.

A computer code is being developed to calculate the
build-up of mass and activity on PHWR primary heat
transport system surfaces. As a first step, a simplified
model of a single metal pipe closed loop with three
different diamter has been chosen. This loop also has a
sink for corrosion products.

4.2 : Marine Biology Programme;

The activities of the group consisted of research
related to operational and environmental problems
associated with the use of water as a coolant in power
plants. Significant research activities during the last
year included understanding the role of light as a factor
in regulating the internal chemistry of biofilms, the
influence of biofils on the settlement of fouling larvae
and the role of bacterial exopolymers on corrosion of
metals and alloys. In situ and laboratory model cooling
tower studies were carried out to further understand the
mechanisms involved in the biocorrosion of carbon steel
in the FBTR service water system.

Experiments were continued using the larvae of
fouling barnacles cultured in the laboratory. With the
long-term objective of develoeping non-polluting
antifouling technology, larval bioassays were carried out
using extracts isolated from mangrove plants. Extracts
derived from mangrove trees such as Rhizophora, Avicenia
and salicornia were very effective against molluscan
larvae at concentrations as low as 10 ug/ml.

Experiments in thermal ecology, aimed at
understanding the impact of thermal effluents in
receiving water bodies were continued. Zooplankton
mortality arising out of plant entrainment was estimated
to be about 2200 Kg/day.

The MBP provided significant R & D support to the
operating stations, especially the FBTR, in terms of
monitoring and maintaining the microbiological health of
the service water system. Biocides used for water
treatment were tested in the laboratory for efficasy.



As regards support to industry, testing of intake
pipe material (to be used in a desalination plant in
Southern Tamil Nadu) for fouling compatibility was
carried out for BHEL. A discussion meeting on "Natural
waters as a heat sink of electrical power plants" was
organised by MBP under the auspices of BENS to address
issues emanating from recent stipulations of CPCB
regarding 5°C T for coastal power plants. Following
the meeting, a Co-ordinated project is being formulated
with WSCL as the nodal laboratory to generate data that
would permit formulation of scientifically valid thermal
water quality standards for the country.
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BERYLLIUM MACHINING FACILITY

Major Achievements

Beryllium Machining Facility, a joint venture of Department

of Atomic Energy and Space has undertaken the fabrication of high

precision Beryllium components for Space's Nuclear and other

strategic projects. The components fabricated earlier have been

subsequently in use in many of the ISRO's programme like INSAT-2

spacecraft.

4 nos. of antiview AY-Thruster brackets fabricated and

delivered for INSAT programme.

6 nos. of Beryllium mounting pads were fabricated,

electroless nickel coated and delivered for INSAT-VHRR Scan

Mechanism integration to ISRO/SAC, Ahmedabad.

21 nos. of Precision Beryllium sleeves were fabricated as

per the requirements of Light Water Reactor Division, BARC.

To fulfill the agreement entered between DOS and a leading

American Spacecraft Manufacturing Division, BMF is carrying out

the fabrication of Beryllium Shaft Assemblies for their Solar

Array Drive Mechanism integration. A total of 20 nos. of

assemblies are required to be delivered before June, 1998 for

which the raw materials have been specified by them and imported.

The fabrication has to meet the stringent quality control

measures and in accordance with MIL-STD specification provided by

the firm. The fabrication process including surface treatment

processes were studied and Manufacturing Readiness Review

Document (MRR) was presented for their review. Based on the

clearance provided, during the year 1997, a total of 12 nos. of

Beryllium shaft assemblies were fabricated, out of which 10 nos

were despatched to USA.



BIO-ORGANIC DIVISION

Major Achievements

Bioorganic chemistry is the link between biological and chemical sciences. Understandably, the

areas ascribed to bioorganic chemistry, therefore encompass overlapping scientific fields and quite often

involve skill in multi-disciplinary subjects. There are active collaboration between the Bio-Organic

Division with other divisions of BARC as well as institutes /universities. The research and

developmental activities of this division were directed with reference to scientific excellence and

relevance to atomic energy programmes. The emphasis was laid on research in the area of basic science

so as to extend them to applied fields. Thus, while newer synthetic protocols led to the preparation of

insect pheromones, radiopharmaceutical ligands, nuclear extractants etc., the natural product research

has paved the way for potential immunostimulant, antioxidants and radio-protecting compounds. The

highlights of the projects are briefly described.

A. BASIC RESEARCH

A.I Synthetic Bioorganics
Synthesis has the power to create molecules endowed with new properties. It is possible to synthesize an

array of compounds with varied molecular architectures thus generating different properties. Both

chemical and biological techniques have been utilized for this purpose.

A. 1.1 Biotechnology in Bioorganic Synthesis

The importance of bio-systems in developing efficient and clean organic process technology is

being increasingly realized. Use of enzymes has revolutionized organic synthesis and is one of the

important pursuits of biotechnology. The enzyme, lipase seems to be tailor-made in view of its wide

availability, low cost, non-requirement of any co-factor and high catalytic turnover both in aqueous and

organic media. In continuation of work on lipase based chemistry, an acylation protocol has been

developed for the resolution of some homoallylic alcohols. These compounds constitute important

chirons and has been used for the synthesis of various bioactive compounds viz. perfumery lactones,

anti-obesity and antibiotic (3-oxetanones drugs etc. Using similar lipolytic protocol, regioselective

acylation strategy of vitamin C acetonide was accomplished wherein a substrate-immobilization

technique was invoked. These thermostable derivatives of vitamin C find wide application as food

additives and medicines. Biotransformation using microbes provides a simple and inexpensive strategy

for the synthesis of high-value chemicals. Rhizopus arrhizus mediated reductive and hydrolytic strategies

were studied and the conditions of bioconversion optimized for the preparation of pharmaceutically

important para-substituted 2-arylethanols. Likewise, resolution of allylphenyl carbinol, another

pharmaceutical intermediate has been optimized via hydrolysis of its acetate with the same microbe.

Recently discovered fatty acids with unusual oxygenation patterns have attracted considerable attention

for their medicinal values. Occurrence of one such compound viz. (ll£)-13-hydroxy-10-
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6*ooctadeceaoie acid, has been reported from the aqueous extract of corn and shown to possess anti-

leukemic activity and inhibitory property towards the growth of human breast, lung and heart carcinoma

cells. However, the paucity of the material from the natural source restricted its detailed bioevaluation.

The compound has now been synthesised via a chemoenzymatic approach. This is the first report of its

synthesis in enantio-pure form.

A. 1.2 Asymmetric Synthesis of Bioorganics

In view of the critical role of molecular chirality on various physiological and physical properties,

special emphasis has been given towards the development of asymmetric synthesis. Earlier, an efficient

route to homochiral 3-alkylglycerols was developed in this division using derivatized glyceraldehyde as

the chiral template. The above chirons have been used for the enantioselective synthesis of several

pharmacologically important compounds viz. the immunosuppressant, 2-aminohexadecanol, the specific

enzyme aminopeptidase M inhibitor, (/?)-3-amino-l-hydroxypropan-2-one and the potential co-drug for

viral chemotherapy, eryf/wo-9-(2-hydroxyl-3-nonyl)-adenine (EHNA). Cytotoxic compounds are of

contemporary importance in cancer research. Synthesis of a novel promising candidate of this class viz.

//-{2-phenylethyl)-8-hydroxypentadecacarboxamide has been completed following a chiron approach.

Modified nucleosides have aroused great interest especially as HIV protease inhibitors. In this context, a

facile synthesis of modified sugar units of 2',3'-dideoxynucleoside has been developed via alditols. The

role of antifungal agents in disease suppression is of considerable importance wherein the efficacy of

some biocontrol agents has attracted recent attention. Isolation of a new class of antimicrobial agent viz.

6-methylheptadec-(9£)-enoic acid from the Sporothrix species has been reported. It shows antagonistic

action against powdery mildew fungi. However, due to its low natural abundance, an unambiguous

bioassay has so far been elusive. Therefore, the acid has now been synthesised using natural chiral pool

material.

A. 1.3 Novel Synthetic Strategies

Reagents based on organometallics find extensive use in organic synthesis. Compared to the

main group elements, transition metals offer greater scope for the design of reagents with more

versatility because of the availability of vacant "dsp" orbitals and amenability to the tuning of redox

potentials. Using low-valent titanium (LVT) and carefully selected ligands such as pyridine, catechol, the

McMurry reaction could be limited to pinacol stage exclusively. On the other hand, the activity of LVT

could be enhanced by using novel redox-systems. This "super active LVT" protocol acts even at low

temperature, increases the reaction diasteroselectivity and even carries out coupling of the less reactive

aliphatic carbonyls. An alternative stereoselective route to McMurry reaction has been developed by

single-electron transfer mediated reductive cleavage of benzylidene acetals. Acid catalyzed

acetalization-deacetalization is a useful protective group strategy in organic synthesis. In the course of

the synthesis of some bioorganics, and especially for the preparation of food grade chemicals, a neutral

deacetalization method was required. For this, a chloride mediated efficient protocol was developed

which was applied in the synthesis of some carbopeptidase inhibitors. Realizing the importance of

peptides as biomolecules, several selenium mediated strategies for their synthesis have been developed.

44



In order to apply them as solid supported synthesis, a new bifunctional silicon based linker has been

synthesized and attached to various functionalized resins. Its potential for combinatorial synthesis is

under investigation.

A 1.4 Organic Photochemistry

Photochemistry has attracted the attention of both organic as well as physical chemists.

Photocyclo-additions between arenes and alkenes have provided elegant and short routes for the

synthesis of a plethora of natural and unnatural targets. 2-AJkenyl-4-chromanones present interesting

possibilities for intramolecular photo-additions. Synthesis of the substrate viz. 7-hydroxy-2-(4-methyl-

3-pentenyl)-4-chromanone (1) was carried out using the protocol developed earlier in this division. Its

photolysis under different conditions furnished several multicyclic fused compounds (2-5) with hitherto

unreported carbon frameworks. The photo-adducts are highly strained molecules and are amenable for

facile transformations. The mechanisms of their formation have been postulated.

B. APPLIED RESEARCH

B. 1 Eco-Friendly Pest Control Strategy - Use of Pheromones
Use of insect pheromones constitutes a viable eco-friendly strategy for pest control. The ongoing

programme of control of cotton pest and sweet potato weevil (SPW) using pheromones were

strengthened. As a part of the MOU signed between BARC and Central Tuber Crop Research Institute

(CTCRJ), Thiruvanantapuram, one thousand SPW pheromone loaded dispensers were sent to CTCRI

for the All India Coordinated trial. SPW pheromone dispensers were also provided to ICAR Research

Complex, Goa for popularizing the pheromone technology amongst farmers. Success of pheromone

based insect control strategy depends heavily on proper formulation and dispensing systems. To this end,

analogues of SPW pheromone have been synthesized and several delivery systems developed for their

field evaluation. A new formulation appears to be promising. For the cotton pest pheromone, a better

and controlled release formulation has been devised for its prolonged use for field applications. Insect

growth regulators (IGR) have considerable potential in the integrated pest management programmes. In

addition, they also have role in the insect based agro-industry such as sericulture and apiculture. IGR

activity of plumbagin, a naturally occurring naphthoquinone was studied in this division. Taking lead

from this natural product, several quinones were tested for their IGR activities and some benzo- and

naphthoquinones showed improved IGR activity.

B.2 Bio-Organometallics - Application to Radiopharmaceuticals
Organo-metallo complexes have wide applications in biological as well as material sciences. The

stability, physical and physiological properties of the complexes are essentially governed by the organo-

ligands. Molecular modelling in combination with bio-organometallic chemistry has major impact on the

design of Ugands for radiopharmaceuticals. An expeditious protocol based on low valent titanium

reagent for the synthesis of vicinal diamines was reported earlier. The scope of this method has been

further extended to the synthesis of rigid molecular frameworks which is expected to enhance the

coordinative robustness of the metal complexes and likely to be useful as radiopharmaceuticals. Thus,
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ligands with diaminodiphenol (N2O2), diaminodithiol (N2S2) and tetraamino (N4) binding sites have

been synthesized as potential hosts of metals including radio-metals.

B.3 Actinide Extractants

For supporting R&D work on solvent extraction procedure in nuclear fuel processing, the

actinide extractant, CMPO (»-octyl-phenyldiisobutylcarbomoylmethyl phosphine oxide) has been

synthesized in sufficient quantities. In continuation to the work on malonamide extractants, various

analogues differing both in the acid and amine segment have been synthesized for the study (in

collaboration with the Radiochemistry Division) of their extractibility.

Bioremediation, that is use of biological systems such as microbes and plants for the removal of

toxic pollutants from the effluents, is an active area of research in biotechnology. Biosorption studies

with the biomass obtained from a variety of microbial sources were carried out. Promising results have

been obtained from the biomass from R. arrhizus (in collaboration with Fuel Reprocessing Division).

Selective absorptions of 233U and 238Pu under alkaline condition and of 24lAm, 152Eu, l54Eu, l47Pm,
I44Ce and tetravelent 95Zr at acidic pH were noticed. Decontamination of different types of nuclear

effluents viz. evaporator condensates from plant, hold-up delay tank solution etc. could be accomplished

for radionuclides present in microgram range. Studies on plant based bioremediation of effluents

containing radio-active waste have been initiated.

B.4 Bioactive Natural Products
Antioxidants have aroused great interest in recent years because of their chemopreventive

importance in many of the degenerative diseases. Recent interest in this area has been directed to the

naturally occurring and especially the dietary organic compounds. To this end, the high efficacy of two

natural products viz. diallyl disulphide (the major component of garlic) and gossypol (occurring in

malvaceous plants e. g. Thespesia populnea) as useful antioxidants has been established. Both these

compounds showed better lipoxygenase inhibition as compared to the well known antioxidant butylated

hydroxyanisole (BHA). The chemotherapeutic potentials of two phenanthroindolizidine alkaloids viz.

pergularinine and tylophorinidine as antileukaemic agents have been tested (in collaboration with

Radiation Biology & Biochemistry Division). Both these compounds showed significant inhibition of

thymidylate synthase activity of leukaemic leukocytes isolated from the blood of patients afflicted with

chronic myelocytic leukaemia and acute limphocytic leukaemia.

As a result of screening of indigenous plants for bioactive compounds, isolation of an

immunomodulator from an Indian medicinal plant was reported earlier. In collaboration with Cell

Biology Division, detailed studies on its structure has been undertaken using chemical and biological

techniques. On acidic hydrolysis, the active principle gave a mixture of monosaccharides which were

appropriately derivatized. Qualitative and quantitative information could be obtained by GC-MS studies.

The linkages between the individual monosaccharides could be inferred by exhaustive permethylation

followed by hydrolysis and analysis of the products by GC-MS. From the results obtained so far, it can

be concluded that it is a galacto-arabanan with galacuronic acid residues. The structure is highly

branched. Enzymatic hydrolysis is under progress.
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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. Divisional
Scientists continued to collaborate with MSP, and several Divisions including ESD, RB&BCD, MB&AD, Medical
and Chemistry Division.

Mechanisms and monitoring of genetic effects and inhibitors'of DNA damage

Studies on cellular and molecular mechanisms of biological responses in various experimental systems following
exposure to ionizing radiation and other environmental agents were continued. Studies carried out during the
year, showed that chlorophyllin, a naturally occurring plant pigment, is an efficient scavenger of hydroxyl
radicals. Pulse radiolysis studies, carried out in collaboration with the Chemistry Division, revealed that
chlorophyllin reacted with hydroxyl radical with a rate constant of 5.4 x 109dm3mole''S''. Since these
radicals are known to be major inducers of strand breaks in DNA, the present observations indicate that the free
radical scavenging ability of chlorophyllin may contribute to its protective effect(s) against radiation induced DNA
strand breaks reported earlier in the pBR322 system. Trolox, a water soluble analogue of alpha-tocopherol
significantly protected plasmid pBR322 DNA under similar conditions. Interestingly, caffeine, a commonly
ingested compound through coffee and several other beverages, was also found to be a potent inhibitor of
DNA damage, especially under oxic conditions. Vanillin, a food flavouring agent also exhibited dose
depend inhibition of DNA damage induced by singlet-oxygen generated by photosensitization of methylene blue.
Cellular membranes are also a major target of oxidative (radiation) damage. Both vanillin and chlophyllin , in
relatively low concentrations, also reduced lipid peroxidation and protein oxidation in rat hepatic mitochondria.
The effect of high doses of ionizing radiation (uplo50Gy)on erythrocytes is being investigated using different
parameters of membrane damage and peroxidation products.

Cytogenetic analysis for chromosomal aberrations and sister chromatid exchanges at metaphase and micronuclei in
binucleated human lymphocytes grown as whole blood cultures showed enhancement of nuclear division index
(NDJ) and cell proliferation by ascorbic acid (AA), a naturally occurring cellular antioxidant. ND1 appeared to be
a relatively more sensitive measure of cell proliferation and/or cell cycle kinetics. Surprisingly, AA potentiated
the clastogenic effect(s) of mitomycin C in human lymphocytes as revealed by the various cytogenetic end points.

During the recent years over 80,000 women of reproductive age have been exposed to quinacrine for prevention of
pregnancy in the developing world. Preliminary studies from this lab had indicated various types chromosomal
changes in human lymphocytes exposed to quinacrine during in vitro cultures. Detailed studies undertaken during
the year, have shown that quinacrine dihydrochloride, induce chromosome aberrations including dicentrics, marker
chromosomes and inversions, in GO lymphocytes. Extreme decondensation of chromosomes and peculiar ring
like configuration formed by either sticky chromosomes or decondensation of chromosomes, were found to be
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characteristic of quinacrine induced cytogenetic changes. Depending upon the dose, quinacrine was found to
enhance cell proliferation or behave as a spindle inhibitor like colcemid. These results, warranting further
investigations, had supported the decision for withdrawal of clinical trials of this drug in India. Subsequently,
the use of quinacrine for female sterilization has been banned in the country. Studies on germ line effects of
quinacrine did not show an increase in dominant lethal mutations in mice.

Cytogenetic studies in the newborns and other referred cases were continued in the BARC Hospital.
Chromosomal analysis of 352 newborns and 53 referred cases showed one primary trisomy of chromosome 21
(Down syndrome) with parents of the child having a normal karyotype (collaborative studies with Medical
Division). An image processing systems is being developed in collaboration with the Electronics Systems
Division, for cytogenetic analysis of human chromosomes and area measurement of other cellular components.
Validation of a software developed for area measurement of micronuclei in mouse erythrocytes is in progress .

In recent years, hybridization of suitable non-isotopically labelled DNA probes against chromosomal DNA
denatured in situ on a microscope slide has revolutionized the field of cytogenetics. This procedure can be
employed with great precision and simplicity for gene mapping, chromosome painting and detection of complex
chromosome rearrangements. Empolying an enzyme - mediated detection system, in situ hybridization technology
has been established in the Division, using a satellite DNA probe, which allows detection of centromeres of all the
human chromosoms at metaphase. Using specific whole chromosome probes, painting of chromosome 16 and X
chromosome has also been achieved. The enzyme mediated in situ hybridization procedure ensures stability of the
signals and amenability to bright field light microscopy.

Immunomodulation by radiation and natural products

Alterations of the immune system can have considerable health implications in human populations. Studies on
immunological profile, following exposure to low level ionizing radiation is an active research area having
bearing on the health effects of radiation encountered during occupational exposure or in the natural high-
background radiation areas. Studies on different strains of inbred mice, using radiation doses less than 50 cGy,
indicated that such doses can augment or suppress specific immune responses depending on the antigen used,
type of response examined and the genetic make-up of the animal. Cells of the immune system are known to
undergo programmed cell death during development as well as upon antigenic activation. Splenocytes from
mice given whole body exposure to 20 cGy (in fractions) of gamma radiation exhibited augmented proliferative
response to the mitogen ConA and reduced cell death when cultured in vitro. Furthermore, upon activation of
these cell by ConA, a similar trend was evident.

Earlier studies on the Indian medicinal plant Tinospora cordifolia (Guduchi, Gulvel) had lead to the
identification of an immunomodulatory principle in the aqueous extracts of stems of the plant. The active
principle was found to be a polysaccharide named G1-4A. A single injection of the partially purified
immunomodulator (PPI) augmented immune responses to sheep red blood cells. Treatment of mice with PPI as
well as G1-4A augmented the immune responses to chicken ovalbumin. However, in vitro response to the
polyclonal T cell mitogen concanavalin A in mice spleen cells was partially inhibited by PPI or G1-4A
demonstrating a differential action of the immunomodulator in vitro and in vivo. This may perhaps be
attributed to the nature of responding cell types.

A murine lymphosarcoma, when grown intra-pertoneally, released a soluble factor which at very low
concentrations promoted its own proliferation. High concentration of this soluble factor inhibited the
proliferation of both the lymposarcoma tumor and the syngenic lymphocytes. These results may help in
understanding the mechanisms by which tumor cells evade surveillance by the host immune system.

Nature of Genetic Variation and DNA polymorphism

Genetic polymorphism provides a basis for the wide genetic diversity observed among living organisms. In
addition to establishing individual identity for forensic purpose and evolutionary relationships among human
populations, the study of genetic polymorphism can be utilized to explore germ line mutations at specific loci and
for elucidation of the nature and origin of allelic variation. This programme will also allow to build a much
needed comprehensive data base on DNA polymorphism among the various ethnic groups of the Indian
population, a unique situation available in this country as a consequence of our social and cultural practices.

The Y chromosome linked inheritance has unique features as it bears father to son transmission and except for a
small region, the pseudo-autosomal past of the chromosome does not take part in recombination. Thus, because of
patrilineal inheritance it has wider application in establishing evolutionary relationships. Secondly, the variation
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observed in the pseudo-autosomal part in the progeny is expected to be a denava mutation due to lack of
recombinaiional events. Studies on DNA polymorphism on Y have been introduced using different Y-linked
markers to elucidate germ line mutations. These include DYS19, a polymorphic microsatellite and DYS28 locus,
a Y Alu polymorphic element. The analysis of 215 unrelated male donors belonging to five ethnic groups with
three from the study population of Kerala has been achieved. No Alu insertion has been detected in any of the
Indian population, while four alleles of DYS19 locus were identified. Studies on father to son transmission are in
progress to elucidate the heritable variation at these loci.

Two highly polymorphic microsatellites FES/FPS and DHFRP2 located, respectively on chromosomes 15 and 6,
have been investigated in 160 individuals belonging to two ethnic groups. The comparative frequencies of alleles,
heterozygosity and genotypes have been analyzed. The level of homozygosity was found to vary between the two
groups. The polymorphism of Apolipoprotein B (Apo B) VNTR located about 500 bps in the 5' flanking region of
the Apo B gene, which maps to the short arm of chromosome 2, has been reported to be associated with coronary
heart disease. The polymorphism at this locus has been investigated among 185 individuals belonging to the same
ethnic groups.

Among the minisatellite markers, D1S80 located on short arm of chromosome 1 has been investigated most widely
in the Western world. A total of 50 families and 164 random, unrelated healthy donors from three ethnic groups
from Kerala, namely, Nairs, Ezhavas and Muslims were analyzed for D1S80 locus. Except one family, all the
families had a normal inheritance pattern. In the random individuals, a total of 22 alleles and 71 genotypes
were observed at Dl S80 and all the three ethnic groups conformed to Hardy-Weinberg equilibrium expectations.

Studies on another highly informative and polymorphic VNTR locus DI7S5 located on chromosome 17, resulted
in unexpectedly low hetrozygosity and absence of larger alleles for two ethnic groups by the PCR analysis using
TaQ DNA polymerase. Re-examination of these samples using Expanded Long Template PCR system eliminated
the preferential amplification of smaller alleles in presence of larger alleles and resolved the heterozygosity to
expected levels. Further analysis is in progress.

Allelic expansion (dynamic mutations) involving, triplet repeats, which do not follow Mendelian inheritance has
been discovered as a new phenomenon to be associated with several human diseases. CTG repeat expansion at the
chromosome 19 (q 13.3) locus has been implicated in Myotonic dystrophy, a debilitating disease. In order to
introduce the analysis of this locus in our population studies, a total of 56 adults belonging to two ethnic groups
have been investigated and the frequency of various alleles and the level of heterozygocity determined. The
(CTG)j allele, which has been reported to be predominant among the western populations, has not been observed
in the two Indian ethnic groups.

In continuation of the earlier study, HLA-DR typing was carried out to know the frequency of HLA-DR alleles
and also class II DR-DQ-DP haplotype pattern in one of the Indian ethnic group. HLA-DR typing was carried out
using allele specific primers synthesized in the laboratory with a Gene Assembler Plus DNA synthesizer. Eleven
different alleles were observed, the most frequent being DR-I5 followed by DR-7 and DR-10. DR-DQAI-DQBI
haplotype analysis of this population did not reveal any new linkages among this loci.

The study of genetic polymorphism can also be utilized to distinguish between two inbred strain of mice. Efforts
were made to identify polymorphic microsatellite markers among seven inbred strains of mice reared in the BARC
animal house. Initially four different microsatellites, namely, KIT, EPO, Atplb2 and Krt2 were selected to
determine whether, they show any polymorphism. KRT and KIT showed a single band of approximately of the
same molecular weight in all the strains of mice. EPO and Atplb2 showed very marginal variation in C3H and
CBA strains in the length of the bands, which was not adequate to be utilized for investigating germ line DNA
mutations.

Biology of radioadaptation and stress responses

It is well known that living organisms respond to physical, chemical and biological stresses in diverse ways, and
augment their defense(s) to withstand better the hostile environment. Studies on cellular and molecular
mechanisms of adaptive and stress responses to ionizing radiations, heat and agriculturally important
environmental stress were continued in relevant organisms e.g. bacteria, plants and mammals including human
cells.
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Stress responses in human lymphocytes, tumor cell lines and laboratory mammals

In earlier studies, pre-exposure of human peripheral blood lymphocytes to 1.0 cGy of adaptive dose (AD) in vitro
was reported to reduce the incidence of micronuclei in binucleate cells induced by a higher dose (CD) of gamma
radiation. It has been further observed that the extent of adaptive response depend on the stage of cell cycle
exposed to radiation, maximum effect being observed when CD was given at Gl and minimum when given at
G2. However, an adaptive dose of 5 cGy did not reduce the paternal germ line dominant lethal mutations caused
by a challenging dose of 300 cGy given one day after AD. To understand the molecular events underlying,
mechanisms, "[SJmethionine radiolabelling followed by SDS polyacrylamidc gel electrophoresis was used to
determine the induction of nascent proteins, if any. There was a marginal repression of some proteins between the
molecular weights 32 to 70 kDa, in splenocytes of mice exposed to 600 cGy of whole body gamma radiation.
Human erythro leukemia cells K 562 exposed even to higher doses of gamma radiation showed no change in
the protein profile. However, exposure of K562 cells to thermal stress induced two proteins.

Whole body exposure to thermal stress (WBETS), offers protection against ionizing radiation in mice as
reported earlier. Studies in another strain of mice ( H-2k) confirmed that WBETS exhibits radioprotection in this
genotype also. There was cellular depletion of thymus as reported earlier. Mice exposed to WBETS developed
thermotolerance which lasted upto about 7 days and by day 14, there was virtually no thermotolerance.
(Collaborative studies with Radiation Biology & Biochemistry Division).

Ethanol, consumed as alcoholic beverages, is one of the common confounding factors in occupational und/or
epidemiological studies. Effect of ethanol feeding in different strains of male and female mice encompassing two
pathways of ethanol metabolism, namely cytosolic alcohol dehydrogenase (ADH) and microsomal ethanol
oxidizing system (MEOS) were undertaken. Hapatic ADH activity in ethanol fed mice increased significantly in
both females and males of DBA strain (H-2 d). There was an increase in hepatic MEOS activity also in
ethanol fed DBA mice. Feeding of ethanol through generations however did not influence ethanol induced
lethality in mice.

Mechanisms of stress responses in nitrogen fixing cyanobacteria

Studies were aimed at elucidating the mechanisms underlying stress-induced gene expression in nitrogen-fixing
Anabaena strain exposed to agriculturally important abiotic stresses such as salinity, drought and heat-shock.
This information is a pre-requisite for planning future strategies to improve crop productivity. Details of these
phenomena, especially the interactive effect of different stresses were reported earlier to elucidate some of the
unique as well as global stress responses. A comparative analysis of gamma-ray-induced gene expression has
been undertaken to understand the basis of a large variation in the radiation doses tolerated by bacteria, plants
and mammalian cells at different levels of biological organization.

Earlier studies indicated that sucrose enhances while NaCl lowers the nitrogen fixation capabilities of Anabaena
strains. Detailed studies suggested that solutes permeable to the cells like fructose, glucose and sucrose enhance
synthesis of dinitrogenase reductase and nitrogenase activity. Osmotic stress ( Sucrose), besides, heat-shock
induced four different molecular forms of GroEL in Anabaena strains which unlike in other bacterial system was
stable for several hours and are not degraded rapidly. These molecular chaperones, thus, appear to be
important for tolerance during stresses other than heat-shock.

Potassium is essential for photosynthesis, nitrogen fixation and growth of Anabaena. K+ deficiency induced large.
number of novel proteins. Two of these have been identified as KdpB (78 kDa) and GroEL (59 kDa). GroEL
proteins (59 and 61 kDa) are present at significantly higher levels in K* starved cells and their levels are further
enhanced upon heat-shock. The evidences suggest that GroEL chaperones and cellular potassium levels are
important regulators of cyanobacterial stress responses. As the first step towards understanding signal
transduction pathways involved in sensing K* deprivation, attempts were made to clone the kdp gene from
Anabaena. PCR cloning approach has been employed using primers designed either against the conserved
Adenine-binding and phosphatase domains of P-type ATPases or against the kdpC gene from Synechocystis. A
total of at least seven PCR products ranging from 0.5 to 3.0 kbp were detected with P-type ATPase primers. A
single 0.6 kb PCR product has been obtained with Synechocystis kdpC primers. Nitrogen-fix ing Anabaena
cultures, exposed to 100 Gy gamma irradiation induced several novel proteins, but continued (o grow ut rutes
comparable to that of unirradiated controls.
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Salinity stress regulated gene expression in rice

Salinity stress was found to induce over 35 salinity stress proteins (SSPs) in NaCI-stressed young seedlings (4-day
old) of rice {Oryta sativa L.) cv. Bura Rata. The results indicate that NaCI-induced gene expression in this
cultivar follows an abscissic acid ( ABA)-dependent as well as an ABA-independent route and the ABA-
responsiveness of NaCI-induced gene expression is developmcntally regulated in Bura Rata. Both gamma rays
(80-100 krad) and NaCl induce the expression of a 45 kDa protein among several others. The NaCI-induced
protein has been visualized in 2-D gel electrophoresis as consisting of at least 3 proteins with different
isoeJectric pH.

Drought tolerance in Portulaca grandiflora

Portulaca grandiflora has been found to tolerate aerial dessication upto 18 weeks. In continuation of the
work aimed at "identification, cloning and sequencing of genes and proteins associated with drought
tolerance", several proteins, named as DCN 1,5A, 5B, 6, 7B and 8B have been purified and sequenced for N-
terminal amino acids at IIT, Powai. DCN I and DCN 5B were further subjected to fast protein liquid
chromatography. DCN 5B was found to be homogenous, while DCN 1 contained another minor polypeptide
of the same molecular weight and pi to the tune of 8%. It was also found that proline accumulated 8 fold (400
nmoles/gram fresh wt.) within 2 weeks of desiccation and showed a plateaue upto 8 weeks of desiccation.
(Collaborative studies with MB&AD).

The photographic unit of the Division continued to cater the art and photographic needs of the various Divisions
including NABTD, MB & AD, CBD and MSP in respect of publications, experimental records and seminars, UV
gels, X-ray plates, field photography, tracings and drawings. About 128 colour pictures of wild and
cultivated plants flowers and birds were taken at BARC campus for DAE Golden Jubilee Celebrations publication.
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3. Nandi Jayashree, National Institute of Virology, Pune. "Unintegrated DNA of HIV : in vitro and in
vivo". July 07, 1997.

4. Ladha J.K., International Rice research Institute, Manila, Philippines. "Biological nitrogen fixation in rice
system : applications and exciting opportunities". October 06, 1997.

5. Schumann W., Department genetics, University of Bayreuth, Bayreuth, Germany, Heat-shock stimulon of
Bacillus subtilis. October 20, 1997.

6. Hazra B., Department of Pharmacy, Jadavpur University, Calcutta. "Napthoquinonoids and their
derivatives : An interesting class of compounds with potential for diverse chemotherapeutic applications".
December 10, 1997.

AWARDS AND PROFESSIONAL RECOGNITION

I. Apte S.K.
(i) Invited to chair a session on Biology of Stress Responses at the XX All India CEI1 Biology

Conference held at the Cancer Research Institute from January 13-15, 1997.
(ii) Nominated a Member of the Basic Sciences Committee-11 of the Board of Research Nuclear Sciences

(BRNS) of the DAE.
(iii) Invited speaker at two independent sessions of the International Congress of Stress held in

Budapest, Hungary from July 1-5,1997.
(iv) Served as a Member of the International Advisory Committee for the International Workshop on

Molecular Biology of Stress Responses held at the Banaras Hindu University, Varanasi from October
14-17, 1997.
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(v) Chaired the first session on Stress Response of Prokaryotes, and made concluding remarks about
the deliberations during the International Workshop on Molecular Biology of Stress Responses
held at the Banaras Hindu University, Varanasi from October 14-17, 1997.

2. Bapat Ketaki N. (Isotope Division) was declared eligible for award of Ph.D. Degree in Applied Biology of
University of Bombay for her thesis "Radio-immunoconjugates - Preparation, Biological and
Immunological evaluation" (Guide K.B. Sainis).

3. Chauhan, P.S. contined to be a Member :
(i) Research Council Industrial Toxicology Research Centre, CSIR, Lucknow.
(ii) Environmental Appraisal Expert Committee (Industrial Projects) DOE, Ministry of Environment and

Forests, New Delhi.
(iii) ICMR Toxicology Review Panel, ICMR, New Delhi.
(iv) Governing Body, Institute of Genetics and Hospital for Genetic Diseases, Osmania University.
(v) Nominated by DG, ICMR to be Member of Scientific Advisory Committee, National Institute of

Occupation Health, Ahmedabad.
(vi) Nominated by DG, ICMR Member of the Scientific Advisory Committee, National Institute of

Nutrition, Hyderabad.

4. Chauhan, P.S.
(i) Vice-President, Indian Society of Human Genetics for 1997-98.
(ii) Vice-President, Environmental Mutagen Society of India for 1997-98.
(iii) Co-chaired a Scientific Session during the 23rd Annual Conference to Indian Society of Human

Genetics, AIlMS.New Delhi, Dec. 16, 1997.
(iv) Inaugurated the IUPHAR/CSIR Workshop Biological Monitoring of Chemical Exposure, ITRC,

Lucknow and delivering an inaugural address held at ITRC, Lucknow on Dec. 16, 1997.

5. Krishna, Shuba submitted Ph.D. thesis entitled "Class II HLA gene polymorphism in human disease
(supervisor M.Seshadri, Guide Dr. K B Sainis).

6. Sumariwalla, P.F. was declared eligible for award of Ph.D. Degree for his thesis "Effect of natural
products derived from Indian Medicinal Plants (Guide K B Sainis).

7. Thakur, V.S. received a cash award for his poster presentation entitled "Constitutive secretion of
cytokine by murine lymphosarcoma : Impairment of T cell function and regulation of tumour growth at
the XXIV, IIS Conference, Science City, Calcutta, December 22-24, 1997.
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CENTRAL WORKSHOPS

Major Achievements

1. Equipment/components for foreign collaboration :

a) OSIRIS - RAL (UK): Equipment required to split an existing pulsed neutron
beam into two and convey it to an additional scattering station (OSIRIS) set up
at RAL - UK was manufactured and supplied by CWS. The critical and
precision equipment consisting of Shutter Collimator, Shutter Centre Section,
Helium Chamber, Beam Guides, Beam Choppers etc. collectively weighed over
25 tons. The supply was made in 7 shipments to U.K.

b) PHENIX Detector - Los Alamos National Labs. (USA) : CWS is entrusted
with the manufacture of 36 nos. detector frames, which are precision structural
components in Al. Alloy. Two frames will shortly be sent to LANL for
assessment.

c) CMS Detector - CERN (CMS-India collaboration) : Contribution of CWS
will be as under:
(i) Fabrication of 16 Scintillator Detector Tray Assemblies as pre-production
prototypes. Development work in respect of this is in progress.
(ii) Design, fabrication and installation of Support Structure of Scintillator

Megatiles for all the 5 rings of CMS (Compact Muon Scintillator)
Detector. Design proposal is submitted.

2. Equipment/components for Power Reactors :

a) Sensor Stop and Pusher Assembly : This is the most critical and precise of the
sub assemblies of the Fuelling Machine Head. It consists of 58 high precision
components in SS17-4PH. As usual, the Fuelling Machine Heads are
assembled and tested without this sub-assembly, which is introduced just prior
to commissioning, so that longest possible time cycle is available for the
manufacture of components / assembly work. 12 Nos. of this sub-assembly for
KAPP were completed and delivered during 1997.

b) Liner Tubes for 500 MWe PHWR (TAPP-4) : Liner Tubes, along with End
Fittings, are critical components in the coolant channel of a power reactor, and
a machine shop dedicated solely for the manufacture of these components is in
operation in CWS. The Liner Tubes are long, thin walled tubular components
of size 113mm OD x 103.9mm ID x 2134.8mm length, with a 640mm long
section perforated by drilling 247 - 16mm dia. holes. Raw material for the
Liner Tubes is SS410 extruded pipe of size 117mm OD x 98mm ID x 2185mm
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length, which is put through 14 stages of machining, involving turning, honing
and drilling operations. Over the years, these components have been machined
in CWS for various power reactors, and machining operations have been
standardised for optimum results. During 1997, machining of 850 Nos. of
Liner Tubes for the above project was completed.

c) Coolant Channel Cutting Machine for NAPS type / Standardised Nuclear
Power Reactor : This Special Purpose Machine is designed and developed for
removal of coolant channel of the standardised power reactors, where the
coolant channel includes a sealing bellow to form closed anuulus gas
monitoring system. By using changeable tool heads, the following operations
are carried out for removal of coolant channel:

(i) Liner Tube and End Fitting cutting by grooving and boring. This
creates access for the next operation.

(ii) Facing and machining of groove on face to machine off the seal weld
between Bellow Flange and End Fitting, which will disengage the
End Fitting,

(iii) Chipless (by shearing operation) cutting of Coolant Tube to remove
the remaining part of End Fitting and coolant Tube.

This machine has a positional accuracy of +/- 0.2mm and consists of the
following sub-systems:

(i) Main Body
(ii) Boring Bar Rotation Sub-assembly
(iii) Axial Feed Mechanism
(iv) Radial Feed Mechanism
(v) Control Console
(vi) Chip Collection System
(vii) Video Camera / Monitor for viewing of cutting operation.

The Prototype developed earlier was proved at one of the Coolant
Channels of the NAPS Reactor. Later the technology of this machine was
transferred to NPC for Rs. 1,00,000/-. Cost of the machine is expected to be in
the region of Rs. 15,00,000/-.

d) Remotely Operated Chipless Tube Cutting Machine for RAPS / MAPS Type
of Nuclear Power Reactors: This machine tool is designed and developed to
cut the highly radio-active Zircalloy coolant tubes (82.5mm ID, 4mm w.th.) by
shearing action, which will not produce any chips. This machine will replace a
manually operated system currently in use, and is meant for en-masse
replacement of coolant tubes of RAPS reactor. The machine consists of the
following sub-systems:

i) Job (End Fitting) Gripping Module
ii) Tool Rotational Drive Module
iii) Tool Radial Feed Module
iv) X-Y Motion Table
v) Control Console for Remote Operations.
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With the Coolant Channels arrayed in a fixed square pitch, the machine
needs to be aligned only once for the first channel at each row. Rest of the
operations, ie. positioning of the cutting head in the targeted tube at the axial
cutting plane within lmm accuracy, gripping the End Fitting of the channel,
coolant tube cutting, retraction of the cutting head to normal position, and
repositioning at the next channel are remotely controlled.

Technology for this machine, which is expected to cost Rs. 9,00,000/- is
proposed to be transferred to NPC.

3. Equipment/components for Research Reactors :

a) Control Rod Drive Mechanism components for PRP : A large number of high
precision, intricate components are being processed in three batches - Phase-I,
Phase-II and Version-H. Over 25 tasks/prototypes were processed to prove
machining processes, and Phase-I components have been machined and
delivered.

b) Seal Cutting Machine for PRP : Prototype of this machine, for cutting the
canopy seal of Steam generator and pump has been successfully tested.
Manufacture of the machine for actual use is being planned.

c) AHWR fuel spacer development : CWS will manufacture AHWR Spacers of
various design in small batches and in different materials for assessment.
Manufacture of the first batch of Spacers is in progress.

d) Equipment for Facility for Integral System Behaviour
Experiments (FISBE) : CWS has undertaken manufacture of 2 each of Steam
Generators and Fuel Rod Cluster Simulators for this project. Work relating to
process development and certain independent components is initiated.

4. FOT1A Project:

a) Column Plate Assembly : SS Column Plates were modified to suit the
supporting arrangement, which was re-designed in CWS, to safeguard the
ceramic column posts. Revised design was proved on 3 of the column plates,
and later all components/column plates were machined. CWS also assisted in
assembly of the column post.

b) 180° Bending Magnet - Completed and delivered.
c) 20° Electrostatic Deflector - Completed and delivered.
d) 90° Analysing Magnet - Nearing completion.
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5. R.F. Cavity for Superconducting Cyclotron (VECC):

CWS will manufacture the mechanical sub-systems of the R.F. Cavity of
Superconducting Cyclotron being built at VECC. All sub-systems are fabricated
out of mainly copper and brass, and work involves machining of intricate precision
components and vacuum quality welding/brazing. Work relating to material
procurement, process development etc. is in progress. Part of material is expected
to be received shortly.

6. Equipments for Scientific Research :

a) Gamma Ray (TACTIC) Telescopes - 3 Nos. for NRL : 3 Nos. of these
telescopes were completed, and 2 Nos. of the same have been installed at site.
Installation of HI telescope and commissioning of all telescopes will now be
taken up.

b) Beam Line (Spectroscopy) Equipment : A large number of equipment such as
Grating Mounts, Mirror Mounts, Monochromators, Scanners etc. have been
designed and manufactured by CWS from time to time. Presently 8 such
instruments are in progress, for use on INDUS, PASS and PES beam lines.

c) Ultra High Vacuum - Oscillatory Feed Through : This feed through has
excelled imported ones, and was designed and manufactured by CWS. It has
uses on various UHV equipment for transmission of high torque drives.

PUBLICATIONS/PRESENTATIONS:

a) Presented at AIMTDR Conference, Regional Engg. College, Warangal (Jan. 9-
11, 1997)

i) Development of Honing Process for a Medium Sized Deep Bored
component for a Nuclear Reactor. (T.L.G.Kutty, C.M.Yadav,
S.B.Jawale) *

ii) Design of Remotely Operated Chipless Tube Cutting Machine Tool.
(AK.Sinha, RX.Suthar)

iii) Abrasive Jet De-burring. (R.Balasubramaniam, J.Krishnan)
iv) Remote Sag Measurement of Long Tubes. (A.Manjunatha, Yash

Pradhan, D.V.Rameshkumar)
v) Development of Compound Parabolic Light Guides for Imaging

Camera of Gamma Ray Telescope. (M.Ilango, R.S.Koppikar and
others)

vi) Evolution of Manufacturing Technology for High Precision Rings.
(R.Balasubramaniam, J.Krishnan)

vii) Expert System Maintenance. (Yash Pradhan)

* Won Second Prize of Rs. 3,000/- at the AIMTDR Conference.
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b) Presented at National Symposium on Shut-down Systems, IGCAR (March
1997) : Evolution of Manufacturing Process for CRDM Translation Tube - Upper
Part for FBTR. (S.B.Jawale, T.L.G.Kutty, N.RWadhwa, J.J.Roy)

c) Presented at Sixth SDRC India Users Conference, Bangalore (Sept.4-5, 1997)

i) Machining of Compound Parabolic Concentrators. (M.Uango, M.
Jayandranath)

ii) Machining of Acrylic Interfaces for High Power Pulse Generators.
(M.Ilango, A.Mohan Rao)

iii) Modeling and CNC Machining of Dee-Shell of Superconducting
Cyclotron using I-DEAS Software. (S.Guha, M.Ilango, R.S.Koppikar,
M.Jayandranath)

iv) Modeling Analysis and Simulation of Single Crystal X-Ray
Diffractometer using I-DEAS Software (S.Guha, R.S Koppikar,
M.Jayandranath)* *

•• Won the Best Paper Prize of Rs. 10,000/- at the SDRC-India Users
Conference.

d) Presented at National Laser Symposium, Ahmedabad (Dec. 10-12, 1997):
Design of Quadrupole Trap for Precision Laser Spectroscopy Studies. (A.K.
Sinha, K.Bandopadhyaya and others)

e) Presented at NACOMM-97, IIT, Kanpur (Dec. 12-13, 1997) : Design and
Development of a Laser Based Plumb Line for Alignment of Mirrors of
Gamma Ray Telescope. (R.L.Suthar)

f) Published in Journal of Optics - 1997, Vol 26, No.2 : The Design, Fabrication
and Performance Evaluation of a Scanning Monochromator for Rare Earth
Elements Analysis. (AX Sinha and others)

g) Published in the Journal of Materials Processing Technology, Vol.66,Aug
1997: Manufacture of a Matrix Heat Exchanger by Diffusion Bonding ( Dr.
J.Krishnan).
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CHEMICAL ENGINEERING DIVISION

Major Achievements

1. The facility for grinding uranium slag obtained from Uranium
Metal Plant was operational during the year. 40 MT uranium
slag was ground to required size and returned to U.M.P. for
further processing. The report was submitted to MOSC which has
granted clearance for regular operation. Required manuals were
updated and submitted to SARCOP, AERB for approval and
clearance.

2. Fused salt electrolytic cell was operated and about 21 Kg
metal of high purity was produced and supplied to
Radiochemistry & Isotope Group.

3. Ethyl ether-BF3 complex enriched in
 10B (>80 atom %) produced

by the exchange distillation pilot plant was converted to 10B-
boric acid and supplied to Electronics Division for neutron
detectrors.

4. For extraction of alkali metal from waste Li/Al alloy, a
method was developed based on digestion of alloy with
sulphuric acid followed by alcohol extraction. The recovery of
the metal as sulphate was 80 %.

5. Synthesis of scintillation chemicals continued. Scintillation
solutes like PPO and TPBD were prepared. These chemicals were
supplied to users for assaying tritium and 14C by liquid
scintillation counting technique. Plastic scintillation blocks
were supplied to TIFR for their "GRAPES" project at
Ootacamand.

6. The structure of naturally occuring Bentonite clay was modifed
by pillaring with A12O3. The characterisitcs of pillared clay
was carried out by various techniques like BET, XRD and PAS
The pillared clays have been found to have microporosity of
the order of 10 A.U. and surface area of 200 m2/gm. These
clays can be used as acid catalysts.

Positron Annihilation Spectroscopy (PAS) has been successfully
used to study electron density, pore size and Bromstead
acidity in clays for the first time.
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7. Consultation were provided to IRE for recovery of uranium from
crude uranium tetrafluoride (UF4) . The process which was
earlier successfully tested on bench scale in Chemical
Engineering Division is planned to be tested on plant scale at
IRE.

8. Work has been initiated at the request by BRIT to procure and
set up Technitium Column Gel generator based on the work
carried out in Chemical Engineering Division and project
report submitted to BRIT.

9. Work has been initiated for the development of carbon anodes
for fluorine production cell.

10. VIII Plan Projects :

a) Proecssing of Magnesium Fluoride Lining Material :

The objective of the project is to recover MgF2 and uranium
from uranium slag obtained from Uranium Metal Plant. The
project is in advanced stage of completion. More than 80 %
work has been completed and is due for commissioning in a few
months.

b) Pilot Plant Facility for Enrichment of
10B by Ion-Exchange :

The objective of this project is to develop a process for
enrichment of 10B by ion-exchange method. The Pilot Plant was
tested, commissioned and is in operation since June, 1997. The
data is being collected for making a report for further scale
up.

c) Development of 1500 Ampere Prototype
Fluorine Cell and 5 Tonnes/year Capacity
SF6 Pilot Plant :

The objective is to set up and operate fluorine cell and SF6
plant for process control and optimisation studies, evaluate
equipment performance, obtain engineering data to test
indigenously developed carbon anodes and SF6 produced will be
available for use. The work is in advanced stage of
completion. All the equipments are installed. Piping and
instrumentation work is in progress. Both the units are
expected to be commissioned during 1998.
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li. IX Plant Projects :

a) Development of Nuclear Grade Thorium Oxide :

This project is started with the view to develop an
environment friendly process for production of thorium oxide
from thorium concentrate and recover rare earths as usable by-
products. Detailed engineering for this work is in progress.

b) Lithium Metal Pilot Plant :

The objective is to scale up the bench scale method earlier
developed to recover Li from Lepidolite ore which is being
presently stockpiled by AMD. This ore is required to be
converted to desired chemical form of high purity followed by
convertion to high purity metal by Molten salt electrolysis.
Detailed engineering is in advanced stage of completion.
Procurement action is initiated.

12. Ph.D. Awarded :

v Shri B. Bhattacharya was awarded for his thesis "Hydrodynamics
of Compartmented Gas Fluidised Bed" by Indian Institute of
Technology, Mumbai in 1997.
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PUBLICATIONS :

1. B.Bhattacharya, D.Sathiyamorthy, V.Govardhana Rao and
S.P.Mahajan
"Intermixing of Fluidising Gas Streams in a Comparmented
Circulating Fludisied bed"
Chem.Engg.Technol.20(1997)1-11.

2. B.Bhattacharya, D.Sathiyamoorthy, V.Govardhan Rao,
S.P.Mahajan and M.B. Bajpai
"Solid Circulation through V-valve Riser Pair in a
Partitioned Fluidised Bed"
Presented at CHEMCON'97, New Delhi, Dec.15-18.

3. K.T.Shenoy, H.J.Pant, S.K.Ghosh and S.V.Navada
"Residence Time Distribution Study in a Pump-Mixer Settler
System"
Presented at ACE-97, Mumbai, October 22-24.

4. S.Srisaila, T.N.Mahadevan, P.K.Sharma and Ch.Prabhakar
"Toxic Metal Determination in Fluorescent Lamp Phosphor with
reference to Possible Ground Water Pollution at Used Lamp
Dumping Sites"
Presented at ACE-97, Mumbai, October 22-24.

5. J.M.Joshi, H.S.Sodaye, P.K.Pujari, S.Srisaila and M.B.Bajpai
"Standardisation of a method of Preparation of Al2O3
Pillared Bentonite"
Presented at ACE-97, Mumbai, October 22-24.

6. M.B.Bajpai, M.K.Dixit, S.K.Arora and S.G.S.Moorthy
"Effect of First Group Transition Metal Chlorides on the
Sensitivity of Zr Determination by Atomic Absorption
Spectroscopy"
Presented at ANACON-97, Mumbai, December 97.
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CHEMISTRY DIVISION

Major Achievements

The basic science effort of Chemistry Division in the fields of Radiation Chemistry,

photochemistry, chemical kinetics of gas phase reactions, catalysis chemistry, solid state

chemistry, interfacial science, studies on high Tc superconductors, inorganic and organo metallic

chemistry, etc. made very significant advances during the year both in terms of quality and

quantity.

Over 100 research papers from the division were accepted or appeared in international

scientific journals during the year. Research papers from the chemistry division are now routinely

appearing in top journals, such as the journal of physical chemistry, international journal of

chemical kinetics, journal of organometallic chemistry, etc.

A very significant number of chemistry division scientists are travelling abroad on

invitation and delivering invited talks abroad. Scientists are also contributing invited review

articles in reputed journals. Dr V.K. Jain of this division received the Homi Bhabha prize for

scientific excellence during the year.

The Division achieved considerable progress in applied research also. Important mile

stones are:

- Special high purity materials for special application have been prepared using methods

developed in the Division.

- A Noble metal catalyst developed in the Division and coated on polymeric foam sheets (about

Sm x lm size) was supplied for the pilot plant scale experiments for hydrogen mitigation, jointly

carried out by Reactor Engineering and Reactor Safety Divisions. Also, in these experiments

the distribution of helium in the test chamber was monitored and assessed by multistream

hydrogen monitor developed in the Division.

- Deuterated polyethylene containing more than 90% of theoretical amount of deuterium has been

synthesised.
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- Clinical trial of a radiation processed hydrogel for wound healing and scar reversal are being

successfully carried out at BARC hospital and in a large public hospital in Mumbai. During the

year about 400 pieces of the gel were delivered for these trials.

Highlights of the research work carried out in the Division during the year and being

continued through 1998, are given below:

1. Femto Second Laser Spectrometer:

An important equipment to investigate the dynamics of ultrafast chemical reactions, the

femto second laser spectrometer, for measurement of transient optical absorptions of extremely

short lived chemical species in the time scale of 10"" second (femto second, fs) has been set up in

the Division. The desired chemical species are generated by the interaction of 70 fs pulses of a

colliding pulse mode locked (CPM) dye laser pumped by argon ion laser. The spectrometer is

based on pump-probe configuration, the white light probe continuous pulses being generated by

focusing part of the output of the CPM laser on a jet of ethylene glycol with an ultrafine optical

delay adjustment of 1 to 5 fs.

2. Diamond Film Deposition: (1 black & white photo enclosed)

The laboratory set up of the HFCVD equipment was scaled up during the year to coat

larger samples. Thick diamond films were successfully coated on samples as large as S cms.

diameter, of zircalloy, molybdenum, silicon etc. P-30 tool inserts have also been coated which are

being tested in the Central Workshop of BARC. The diamond coatings show good cohesion and

strong bonding to the substrates. Micrograph of coating on a silicon sample is shown in Fig.l

3. Studies on Nanoclusters of Metals:

An equipment for generation and characterisation of nano clusters of metals and for study

of their reactions, has been set up in the Division as part of its eighth plan project. It can be also

used to study the yield and stability of the clusters and the variation of their ionisation potentials

with size. The equipment mainly consists of three parts: the first being the chamber for ablation of

the sample by laser followed by the chamber where the clusters are photoionised by an Nd: YAG

pumped tunable dye laser. The ionised clusters are characterised by a time of flight mass

spectrometer. A delay generator controls the ablation and photoionisation processes. The entire

assembly operates under controlled argon pressure and is interfaced with a PC. Resonance
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enhanced multiphoton ionisation of standard organic molecules like benzene and toluene were

carried out to test the equipment and trial experiments with aluminium have been completed.

Meanwhile theoretical calculations of the clusters formed by Al and Al/Ga were carried

out by the density based molecular dynamics method. The ground state geometries and energetics

of Alu to AI19 clusters have been elucidated. While AJ13 cluster show an icosahedral structure,

AI19 seems to be stable as double icosahedron and AI15 possesses an unusually stable hexagonal

antiprism structure. In the case of AJ4Ga4 clusters although the atomic radii of both Al and Ga are

almost equal, Ga is found to occupy the capping positions of the triangular faces of the

tetrahedron formed by the Al atoms.

4. Dry combustion Plasma:

Investigations have shown that dry combustion plasma and its precursor fuels offer such

technological and economical advantages that electricity generation by the magnetohydrodynamic

process, presently globally discounted, can be reconsidered as highly feasible. High thermal to

electrical conversion, use of conventional saturated iron core magnet instead of cryogenic magnet,

easy availability and low cost of fuels are the main advantages envisaged. Scheme of a retrofit

generator to be coupled to a thermal power plant of 100 MW is being tentatively worked out.

5. Synthesis and Structure of Orgnnometallics:

Several organometallic compounds of palladium, platinum, gallium, indium, arsenic and

antimony which could be potential candidates for the preparation of advanced materials like

catalysts/semiconductors have been synthesized and characterised.

A series of bi- and tri- nuclear palladium and platinum organochalcogenides were

prepared, which showed interesting pyrolytic decomposition resulting in the formation of

respective selenides and sulpho-selenides. A group of important arsanocycloalkanes, RAs(CH2)0,

have been synthesised and characterised. These compounds undergo thermal decomposition

yielding pure arsenic.

Crystal structures of complex selenium oxazoline complexes MC22H24N2O2Se2 where

M=Zn, Cd and Hg were fully solved during the year. The data show that the geometry around

the metal atom is highly distorted tetrahedral and the distortion increases steadily from Zn to Hg.
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6. Radiation and photochemistry: (1 colour photo enclosed)

Radiation and photochemical investigations on a large number of physiological

antioxidants, drugs, fullerene derivatives, laser dyes etc. are continued. These investigations have

been extended to protein systems such as bovine serum albumin and lysozyme in microemulsions.

It has been shown that nanoclusters of metals such as Cu,Cd,Ag,Pd, etc. can be obtained

under controlled conditions, in aqueous and microemulsion media, using y- and/or pulse radiolytic

techniques. Attempts to deposit the nanoclusters on zeolite and alumina gel samples were highly

successful.
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Fig. 1. SEM micrograph of diamond coating on silicon sample (on the 100 crystallographic

plane).

Fig.2. Samples of hydrogel pieces as prepared.
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LIST OF PUBLICATIONS 1997

I. PUBLISHED IN JOURNALS

(A) CHEMICAL DYNAMICS, RADIATION AND PHOTOCHEMISTRY

1. Diffusion influenced reversible transfer of electronic excitation energy in liquid solution
by long range interaction
T. Bandyopadhyay
J. Chem. Phys., I06_ (1997) 5049-5061.

2. Electronic excitation transfer in Lennard-Jones fluid : Comparison between approaches
based on molecular dynamics simulation and the manybody smoluchowski equation
T. Bandyopadhyay
J. Chem. Phys., 106 (1997) 8355-8366.

3. Photodissociation dynamics of CHF2C1 after photoexcitation at the Lyman a wavelength
R.A. Brownsword, M. Hillenkamp, T. Laurent, R.K. Vatsa, H.-R. Volpp and J. Wolfrum
J. Phys. Chem. A, KM. (1997) 995-999.

4. Picosecond flash photolysis studies on phenothiazine in organic and micellar solutions
H.N. Ghosh, A.V. Sapre, D.K. Palit and J.P. Mittal
J. Phys. Chem. B, IQ± (1997) 2315-2320.

5. One-electron reduction of acridine(l,8)dione in aqueous solutions : A pulse radiolysis
study
Hari Mohan, N. Srividya, P. Ramamurthy and J.P. Mittal
J. Phys. Chem. A, \Q\ (1997) 2931.

6. Absorption spectra of isomeric OH-adduct of 1,3,7-trimethyl xanthine
M.S. Vinchurkar, B.S.M. Rao, Hari Mohan J.P. Mittal, K.H. Schmidt and CD. Jonah
J. Phys. Chem. A, lpj. (1997) 2953.

7. Dynamics of H atom formation in the photodissociation of chloromethanes at 193.3 nm
R. A. Brownsord, M. Hillenkamp, T. Laurent, R.K. Vatsa, H.-R. Volpp and J. Wolfrum
J. Phys. Chem. A, IQl (1997) 5222-5227.

8. Photophysical properties of QoCQHsX?! : A laser flash photolysis and pulse radiolysis
study
D.K. Palit, H. Mohan, P.R. Birkett and J.P. Mittal
J. Phys. Chem. A, 191 (1997) 5418-5422.

9. Radiation chemical oxidation of benzaldehyde, acetophenone and benzophenone
S.B. Sharma, M. Mudaliar, B.S.M. Rao, H. Mohan and J.P. Mittal
J. Phys. Chem. A, 1P1 (1997) 8402-8408.
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10. H atom formation dynamics in the dissociation of CH3CF2Cl(R142b) after UV and VUV
laser photoexcitation
R.A. Brownsword, M. Hillenkamp, T. Laurent, H.-R. Volpp, J. Wolfrum, R.K. Vatsa and
H.S. Yoo
j : Chem. Phys., UJ2 (1997) 779-785.

11. Photodissociation dynamics of the chloromethanes at the Lyman a wavelength (121.6
nm)
R.A. Brownsword, M. Hillenkamp, T. Laurent, R.K. Vatsa, H.-R. Volpp and J. Wolfrum
J. Chem. Phys., 126(1997) 1359-1366.
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A.C. Bhasikuttan, A.K. Singh and D.K. Palit
ibid, p. 62.
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14. Optical absorption and fluorescence properties of neutral red
M.K. Singh, A.C. Bhasikuttan, H. Pal, S.D. Sharma and A.V. Sapre
ibid, p. 58.

15. One-electron reduction of acridine(l,8)dione in aqueous solution : A pulse radiolysis
study
N. Srividya, Hari Mohan, P. Ramamurthy and J.P. Mittal
ibid.

16. Kinetic and spectral investigations of the electron adducts of dimethyl and dihydroxy
pyrimidines
L.L. Teena, H. Mohan and C.T. Aravindakumar
ibid.

17. Pulse radiolysis study of poly(vinyl methyl ether) in aqueous solution
S. Sabharwal, H. Mohan, Y.K. Bhardwaj and A.B. Majaii
ibid.

18. Reaction of hydroxyl radicals with 1-chloro-n-iodoalkanes leading to a semi bonded
species
D.K. Maity and H. Mohan
ibid.

19. Reaction of hydroxyl radicals with l-fluoro-2-iodobenzene in aqueous solution by pulse
radiolysis
Hari Mohan
ibid.

20. Reaction of oxidising radicals with dimethylpyridines: A pulse radiolysis study
R. Grover B.S.M. Rao, H. Mohan and J.P. Mittal
ibid.

21. Peroxyl radical chemistry of chlorotoluenes : A pulse radiolysis and product analysis
study
S. Choure, B.S.M. Rao, H. Mohan and J.P. Mittal
ibid.

22. Electron transfer from some purine derivatives to 5-bromouracil : A radiation chemical
study
Bini Raju, H. Mohan, C. Nese and B.S.M. Rao
ibid.

23. Reaction of OH radicals with acetophenone and benzaldehyde : A pulse radiolysis study
S.B. Sharma, B.S.M. Rao, H. Mohan and J.P. Mittal
ibid.
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24. Behaviour of the electron adducts of methyl derivatives of xanthine : A comparative
study by pulse radiolysis
R.R. Rao, B.S.M. Rao, H, Mohan and J.P. Mittal
ibid.

25. Study of reaction of OH radical with methylxanthines by pulse radiolysis
M.S. Vinchurkar, B.S.M. Rao, H. Mohan and J.P. Mittal
ibid.

26. Study on exciplex between 6,ll-dihydroxy-5,12-naphthacenequinone and methyl
substituted benzenes
M.C. Rath, H. Pal and T. Mukherjee
ibid.

27. Interaction of Qo with aromatic solvents : Formation of charge-transfer complexes in
ground state
H. Pal, H.N. Ghosh and A. V. Sapre
ibid.

28. Preparation and properties of silver nanoparticles
J. Patra, D.K. Palit, A.V. Sapre and L.V. Shastri
ibid.

29. Pulse radiolytic study of initial reaction of 2-hydroxy-ethyl methacrylate with e",,,, OH
and H radicals
M.Kumar
ibid.

30. Study of the transients formed by the reaction of CH2OH, (CH3)2COH and CO2" radicals
with 2-hydroxy ethyl methacrylate
M. Kumar
ibid.

31. Study of the formation of alumina sol stabilized palladium metal particles in aqueous
medium
S.C. Tripathi and M. Kumar . ,
ibid.

32. Free radical induced oxidation of two isomeric antioxidatants, eugenol and isoeugenol
S.N. Guha, K.I. Priyadarsini and M.N.A. Rao
ibid.

33. Studies on the rate of formation of melanin through radiolytic, enzymatic and
autooxidation of 1-dopa and effect of curcumin
P. Gayatri Hela, N.R. Anipindi, K.I. Priyadarsini
ibid.
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34. Reactions of thymidine 5'-phosphate 6-yl radicals with aromatic N-oxides : Evidence for
base relase
K.I. Priyadarsini
ibid, pp. 21.

35. Pulse radiolysis studies of some homonuclear Cu(II) and heteronuclear Cu(II)-Mo(VI)
peroxo compounds containing a simple peptide molecule
S. Rapoor, M.S. Sastry and C. Gopinathan
ibid, p. 25.

36. Elucidation of the radiosensitization mechanism of sanazole
R. Mathew, S. Kapoor, C.K.K. Nair, N.G. Huilgol, C. Gopinathan and B.B. Singh
ibid, p. 26.

37. Picosecond flash photolysis study on LDS-821 dye
S.K. Ghosh, A.C. Bhasikuttan and D.K. Palit
National laser Symposium (NLS), Indore, Feb. 6-8,1997, p. 268.

38. Laser flash photolysis studies on neutral red: A biological probe
M.K. Singh, A.C. Bhasikuttan, D.K. Palit and A. V. Sapre
ibid, p. 299.

39. Laser flash photolysis studies on C(CH)C1 in organic media
H. Mohan, D.K. Palit and J.P. Mittal
ibid.

40. CO2 laser induced IRMPD of l,2-dichloro-l,l-difluoro ethane : Time resolved visible
luminiscence studies
K.K. Pushpa, Awadhesh Kumar, P.D. Naik, K. Annaji Rao, J.P. Mittal, V. Parthasarathy
and S.K. Sarkar
ibid, p. 270.

41. PC based mum' stream hydrogen monitoring system
K. Annaji Rao, N.V. Iyer, H.R. Mehta and B.K. Bhattacharya
Proc. Symposium on Advances in Nuclear and Allied Instrumentation, BARC, Trombay,
Feb. 1997, p. 157.

42. Excited states of C6O(C6H5)5C1: Pulse radiolysis studies involving energy transfer
H. Mohan, PR. Birkettand J.P.Mittal
Symp. on Fullerene: Chem. Phys. and New Directions, 1997.

43. The study of transients and initial steps in the polymerisation of aqueous acrylamide
M. Kumar
NAARRI Annual Conference-97, March 5,1997, BARC, Mumbai, paper CP-27, p. 88.



(B) INTERFACIALCHEMISTR AND CATALYSIS

AA. Effect of H2 reduction on CO adsorption states over Ru/TiO2 and Ru/Al2O3 catalysts :
FTIR spectroscopy studies
V.S. Kamble and N.M. Gupta
13th National Symposium on Catalysis, IIP, Dehradun, April 2-4,1997.

45. On the role of Bronsted acid sites in the reaction of C2H4 over SZM-5 and HZSM-5
zeolites
B.S. Shete, A.D. Belapurkar and N.M. Gupta
ibid.

46. The enthalpy changes and activity measurements for adsorption of CO and H2 over
polycrystalline Ru and Ru/TiO2 catalyst
V.P. Londhe and N.M. Gupta
ibid.

47. Room temperature oxidation of hydrogen on Pd/SnO2, Pt/SnO2 and Pd/Al2O3 catalysts
R. Sasikala and S.K. Kulshreshtha
National Workshop on Catalysis, Dec. 1997.

48. Study of Fe3+ substituted Na zeolite A : Local short range order
S.K. Kulshreshtha, R. Vijayalakshmi and V. Sudarsan
National Catalysis Symposium, Deharadun, April, 1997.

(C) HIGH Tc SUPERCONDUCTORS, MOLECULAR MAGNETS

49. ADXRD and electrical resistance investigations on Lao 67Cao 33Mn03 under pressure
V. Vijayakumar, Alka Bansal, S. Meenakshi, B.K. Godwal, I.K. Gopalakrishnan, R.
Ganguly and J.V. Yakhmi
Proc. of IV Natl. conf. on "High Pressure Science and Technol.", Sept. 11-13, 1997,
IGCAR, Kalpakkam (India).

50. Effect of substitution of Cr at Mn-site in Lag 67Cao 33Mn03

R. Ganguly, I.K. Gopalakrishnan and J.V. Yakhmi
Proc. of DAE Solid State Physics Symp. 4Q£ (1997).

51. A new 223 superconductor not containing cerium
I.K. Gopalakrishnan and J.V. Yakhmi
ibid.

52. XANES study of ^ ^ ( C
S. Gupta, R. Suba, B.D. Padalia, Om Prakash, R.M. Nayak, I.K. Gopalakrishnan and J.V.
Yakhmi
ibid.
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53. Studies on (HgoyV^Sr, gLa^CuCVs superconductor
P. Selvara, J.B. Mandal, B. Bandyopadhyay, B. Ghosh and J.V. Yakhmi
ibid

54. Observation of a photomagnetic effect in a molecular magnet
M.D. Sastry, R.M. Kadam, M.K. Bhide, S.A. Chavan, J.V. Yakhmi and O. Kahn
ibid.

55. EPR investigations on a molecular ferromagnet rNi(pn)2]3[Fe(CN)6]2nH2O (Tc-18 K)
M.K. Bhide, M.D. Sastry, E.V.K. Suresh Kumar, H.B. Singh, Amandeep K. Sra, S.A.
Chavan and J.V. Yakhmi
ibid.

56. ADXRD and electrical resistance investigations on La<> 67Cao 33Mn03 under pressure
V. Vijayakumar, Alka B. Garg, S. Meenakshi, B.K. Godwal, I.K. Gopalakrishnan, R.
Ganguly and J.V. Yakhmi
ibid.

(D) MAGNETIC MATERIALS, HIGH TECH MATERIALS, HIGH PRESSURE
STUDIES, RADIATION DAMAGE STUDIES

57. Magnetic structure of Uo.95Thoo5Cu2Ge2
Sk.M. yusuf, P. Raj, A. Das, L.M. Rao and A. Sathyamoorthy
Int Conf. Neutron Scattering (ICNS-97), Toronto, Canada.

58. SpindynamicsofCeSi2.xGax(0.7<x£l.3)
K.R. Priolkar, R.B. Prabhu, P.R. Sarode, Mala N. Rao, S.K. Paranjpe, P. Raj and A.
Sathyamoorthy
Int. Conf. Magnetism (ICM-97), Cairns-Australia.

59. Neutron diffraction study of uranium intermetallics U(Fe1.xMnx)2(Si,Ge)2 (n = 0.5 and
1.0)
V. Siruguri, S.K. Paranjpe, P. Raj, A. Sathyamoorthy and K. Shashikala
ibid.

60. Effect of pressure on electrical properties of GeSe single crystals
G.K. Solanki, M.K. Agarwal, A.T. Oza, S.H. Chaki and S.N. Vaidya
Ninth International Workshop on Physics of Semiconductor Devices, Dec. 16-20, 1997,
New Delhi.

61. Changes caused by electron irradiation, applied pressure and high temperature on hydrous
mangenese dioxide
K.L.N. Rao*, K.S.S. Sharma+, B.M. Pande, S.N. Vaidya and J.P. Shukla*
DAE Solid State Phys. Symp. Dec. 1997, Kochi
'isotope Division, +Radiochemistry Division.
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62. Neutron diffraction and magnetisation study of HoFeMn
K.R, Chakraborty, S.K. Paranjpe, V. Siruguri, O.D. Jayakumar, S.K. Kulshreshtha and
T.V. ChandrasekharRao
DAE Solid State Physics Symposium, Kochi, December 27-31,1997.

63. Magnetic characteristics of Fe3+ substituted Na zeolite A
R. Vijayalakshmi, S.K. Kulshreshtha, H.G. Salunke and V.C. Sahni
DAE Solid State Physics Symposium, 1997.

64. Diamond deposition using different carbon sources by HFCVD technique
D.D. Pruthi, A.K. Dua, V.C. George, C.G.S. Pillai and P. Raj
Symposium on Current Topics in 'Physics of Materials", March 27-29,1997, Hyderabad.

65. Diamond and diamond-like carbon oatings for various applications
A X Dua, V.C. George, D.D. Pruthi, C.G.S; Pillai, P. Raj, D.S. Patil\ K. Ramchandra*
and N. Venkatramani
Int. Conf. on Industrial Tribology, ICIT'97, Dec. 2-5,1997, Calcutta
'Laser & Plasma Technology Division.

66. Large area deposition of diamond using multifilament chemical vapour deposition
technique
A.K. Dua, V.C. George, D.D. Prathi, C.G.S. Pillai, P. Raj and M. Vaidya
Proc. national Symposium on 'Vacuum Science & Technology and Power Beams, Nov.
19-21,1997, BARC, Eds. N. Venkatramani and A.K. Ray, Vol. 2, pp. C198-204.

67. Non random distribution of cations in Sn|.xTixO2 solid solution: An X-ray diffraction and
MAS NMR studies
S.K. Kulshreshtha, R. Sasikala and V. Sudarsan
Solid State Phys. Symp., Kochi, Dec. 1997.

68. Ground state geometries of AL/n =13,19) cluster
C. Majumder and S.K. Kulshreshtha
DAE Solid State Symp., 1997.

69. Nature of metal-insulator transition in GMR sample Lao.gCao 2Mn03

S.K. Kulshreshtha, V. Sudarsan, S.S. Gupta, HLC. Salunke and V.C. Sahni
Solid State Physics Symp., Kottayam, Dec. 1997.

70. Effect of laser irradiation on nickel coated crystalline and amorphous graphite
V.P. Singhal1, B.S. Narayan1, U.K. Chatterjee1, K.K. Kutty and B.M. Pande
National Laser Symp. Indore, Jan. 1997, p. 315.
'Laser & Plasma Technology Division.
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(E) SYNTHETIC AND STRUCTURAL CHEMISTRY

71. Chemistry of palladium and platinum with selenium and tellurium ligands
V.K. Jain, A. Singhal and S. Narayan
The VII International Conference on the Chemistry of Selenium and Tellurium", Aachen
(Germany), July 21-25,1997.

72. Crystal and molecular structure of trans-di-^-chloro-dichloro-bis(triphenyl-phosphine)
dipalladium dichloromethane
A. Singhal, V.K. Jain and T. Manisekaran
XXVm National Seminar on crystallography
Mahatma Gandhi University, Kottayam, 24-26, September 1997.

73. Chemistry of 2-pyridine-selenolate complexes of palladium and platinum
S. Narayan and V.K. Jain
34th Annual Convention of Chemists, Delhi University, Delhi, 17-20 December 1997.

74. Synthesis and characterization of dialkyldithiophosphate complexes of gallium(III)
Dimple Pahari and V.K. Jain
34th Annual Convention of Chemists, Delhi University, Delhi, 17-20 December 1997.

(V) INVITED LECTURES

1. Radiation chemistry in microemulsions
C. Gopinathan
Tokyo University, Tokyo, Dec. 1996.

2. Free radicals of curcumin and other structurally related natural antioxidants
K.I. Priyadarsini
National Symposium on Radiation & Photochemistry, Andhra University, Waltair,
Jan. 1997.

3. Radiation chemistry of synthetic nuclear waste
S. Kapoor
ibid.

4. Diamond thin film research at BARC
A.K.Dua
First Meeting on CVD Diamond and Diamond-like Carbon Thin Films and Coatings,
Jan. 1997.

5. Diamond coatings
P. Raj
Symposium on Current Topics in Physics of Materials, Hyderabad, March 1997.

6. Molecular magnetic sponges
S.A. Chavan
DAE Solid State Phys. Symp., Kochi, Dec. 1997.
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7. FTIR investigation of CO adsorption on X, Y and ZSM-5 zeolites
N.M. Gupta
National Workshop on Catalysis, Thiruvananthapuram, Dec. 1997.

8. Role of surface morphology in the catalytic activity
N.M. Gupta
R&D Centre, Lubrizol, Vashi, 6 June, 1997, Lecture organised by the Indian Chemical
Society (Mumbai Chapter).

9. Effect of surface morphology on the catalytic activity
N.M. Gupta
Hindustan Lever Research Centre, Andheri, 22 Aug., 1997.

10. Synthesis of molecular organic ferromagnets : Current directions
J.V. Yakhmi
Dsicussion on "Synthesis of Solid Materials", IISc, Bangalore, April, 1997.

11. Dimetallic Molecule-based magnets
J.V. Yakhmi
Laboratoire des Sciences Moleculaires, ICMCB, Bordeaux (France), May 1997.

12. Molecular organic ferromagnets
J.V. Yakhmi
Division of Polymer Physics, Inst. of Polymers, Technical University of Lodz (Poland),
June, 1997.

13. Organic ferromagnets : An introduction
J.V. Yakhmi
Institute of Physics, Polish Acad. of Sciences, Warsaw (Poland), June, 1997.

14. Photophysics and photobiology of organic molecules with special reference to
aminoacids and benzimidazoles
T. Mukherjee
Sambalpur University, July, 1997.

15. Photophysics of benzimidazoles in cyclodextrins
T. Mukherjee
QT, Madras, July, 1997.

16. Molecular magnets : An introduction
J.V. Yakhmi
Referesher Course in Inorganic Chemistry, Dept. of Chemistry, University of Pune, Sept.
1997.

17. Bimetallic organic magnets: Recent work at B ARC
J.V. Yakhmi
ibid.
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18. Radiation chemistry research in Chemistry Division, BARC
C. Gopinathan
Hindustan Lever Research Centre, Mumbai, Nov. 1997.

(V) THESIS

1. Ph.D. Thesis, 'Transient characteristics of some corrosion inhibitor compounds and
phenolic antioxidants as studied by pulse radiolysis"
H.S. Mahal
University of Bombay, March, 1997
Guide : Dr. J.P. Mittal

2. Ph.D. Thesis, "Theoretical studies on reactions in diflfusing and fluctuating media"
T. Bandyopadhyay
University of Bombay
Guide: Dr. J.P. Mittal

3. Ph.D. Thesis, "Hydrogen in zirconium in rare earth based intermetallics" (submitted)
K. Shashikala
University of Bombay
Guide : Dr. J.P. Mittal
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COMPUTER DIVISION

Major Achievements

Development of ANUPAM-Alpha Super Computer based on Parallel Processing
Techniques:

As a part of further R&D in the field of development of super computers based
on the parallel processing techniques, Computer Division, BARC has recently designed
a super computer ANUPAM-Alpha based on a new concept which involves
implementation of the 'ANUPAM' parallel processing software environment on a cluster
of any industry standard compute servers/workstations as nodes, interconnected by
any of the commercially available high speed network switches. Using this new concept
highly scaleable parallel processing system for meeting any speed requirements can
easily be configured without the need of investment in any proprietary
hardware/software. The six node ANUPAM-Alpha system is giving a sustained
performance of about 1 giga flop for large scientific jobs(the peak computing speed
being 4.8 giga flops).

Each of the six nodes in the ANUPAM-Alpha system, is based on DEC 4100
server using ALPHA 21164, 64-bit microprocessor, operating at 400 MHz giving a peak
speed of 800 Mflops. Each server has 256 MB memory and 8 GB disc storage. The
Unpack speed of the server is 45 Mflops for 1000 x 1000 matrics and 160 Mflops for
100 x 100 matrics. ATM (Asynchronous Transfer Mode) switch has been used for
dynamically interconnecting the six nodes of "ANUPAM' system. The switch offers,
simultaneous transfers among the various nodes, interconnected using fibre optic
cables and gives an assured transfer speed of 155 mega bits per second between any
pair of nodes. The switch can connect upto 52 nodes, thus enabling 26 high speed
simultaneous communications.

All the nodes in the parallel system can be used either in parallel processing
mode in a dedicated manner for giving a super computing speed for a single job or
alternatively, these can be used for processing a mix of sequential and parallel
computational jobs without the need of any reconfiguration. The system supports
standard Fortran, C and C++, compilers on Unix operating system. Various large super
computing user's jobs in the fields of Fluid Dynamics, Protein, Crystallography,
Electronic structure computations, ab-initio molecular dynamics etc. have been
implemented on the ANUPAM-Alpha system.

The use of Bounding Box Traversal for enhancing the speed of the Virtual Realitv
package "Master Plan"

The increasing demands of 3D realism in visualising complex objects places
extensive strain on the computing speed. Bounding box transversal of a scene can be
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used for off-setting the heavy computational demand. This technique quickly and
efficiently determines the portion of the model which is outside the view of the user for
each frame of walk through. The graphics computations are limited only to the visible
portion of the scene.

The bounding box is calculated while reading the object definitions in the walk
through mode. Bounding boxes for various objects are aligned to the co-ordinate
system by applying viewing transformation. Then the bounding boxes are tested
against the viewing volume, for inside, outside, or partial visibility of the objects and
assemblies. Assemblies of objects that are completely outside the view volume are not
sent to the graphics sub systems. The bounding box for the entire scene is calculated
by combining the bounding box of its assemblies, sub assemblies and objects.

The bounding box traversal computations were found very useful in applications
where the scene is built using a large number of objects. This technique has been used
in modelling a railway station layout, consisting of tracks, platforms, foot-bridges, signal
units and over head electrical structures, resulting in very significant improvement in the
speed of the model.

Development of Image processing software for Shape Analysis using Region
Labelling and Method of Moment;

in a given image various regions are labelled using the nearest neighbour and
connectivity criteria. A pixel receives the same label as its neighbour if the likelihood
distance between the two pixels is acceptable. The label process is propagated for a
given region number until it is no longer possible to find a pixel to be included. A 4 or 8
connectivity can be used to link the pixels together. Shape Analysis for each and every
labelled region is performed using the method of moments. Standard moments, central
moments, normalised central moments and seven invariant moments are computed for
each region. Based on these moments, centroid, variances, orientation, area,
perimeter, eccentricity, compactness and bounded box co-ordinates are computed for
each region. Invariant moments which are invariant to translation, scaling and rotation
can be used to identify shapes of objects as they uniquely define a given object. The
analysis/results can be viewed online as well as saved in a data file. The axis and
outline images are also displayed. The Shape Analysis image software was used for
evaluating the hydride platelet content and morphology on sections zircaloy-2 pressure
tubes. The images are scanned as per its grey level, the platelets are counted and
classified as per length, thickness, area, orientation with respect to a reference axis (x-
axis). The area fraction of the platelets is also computed. Image Enhancement such as
contract stretching, correction of background/background subtraction, thresholding,
edge detection erosion/dilation and filtering of the microstructure can be performed prior
to the shape analysis.

Image processing software for using with video frame:

Image processing Software was developed for accessing a PC Add-on Video
Frame Buffer board by embedding Video Frame buffer functions into the image
processing software developed earlier. With this development, the user can now
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perform numerous image processing functions on the images grabbed by the video
frame buffer. An Image Processing environment is now provided which is suitable for
applications involving Laser/particle beam Analysis and fractal and non-fractal Pattern
formations and other similar applications on PC's having the Video Frame Buffer. The
additional image processing functions provided are detecting the presence of the Video
Frame Buffer in the system, selecting the channel (4-cammeras) and plane (640*480 or
512*512), grabbing data, displaying the image and saving the image in various file
formats. Image Enhancement functions include averaging, median filtering, histogram
equalisation, contract stretching, background removal, background subtraction,
background addition, thresholding, edge detection, thinning, applying filters in spatial
and transform domain, morphological operations such as erode, dilate, open, close,
Image Analysts unction include granulometry (particle size distribution and count),
region labelling and shape analysis, profile plot. It provides an interactive user friendly
environment with pull down pop up menus operated via mouse or keyboard.

Terminal Emulator Software with file transfer and other faculties:

A General purpose RS 232 based Terminal Emulator working under MS DOS on
personal computer was developed. The software can be used with PC XT/AT286 and
other Personal Computers for simulating terminal to various UNIX based and other
Central Computers. Using this Software, old PC XTs and ATs can be used as terminals
for mini computers running database packages such as FOX-PLUS and ORACLE. It
has several user friendly features such as auto-dialling, file transfer from PC to the
connected computer systems and vice-versa, printing remote system files on local
printers, on-line capturing of the in-coming data stream for screen display and storing in
DOS files. The emulator is fully re-configurable and has a menu driven set-up for
parameter setting. It can emulate screen as well as keyboards of several terminal
types, namely, ANSI, VT100, AT386-M, and VM2520. Its auto dialling feature permits
the dialling of various alternative number repeatedly until the connection is established.
The emulator is designed for use of packages that demands all screen functions
including graphics to be emulated and all the function keys to be available for use. The
emulator maintains a history of 16 pages of screens and 32 commands. It allows users
to include key mapping specification and system phone numbers inside ASCII files of
simple formats. The software was fully tested and it is already in use at Central Stores
and Administration, using old PCs as terminals to SYNERGY, UNIX based mini
computer system.

Database Software development for CERN:

Collaborative software projects in the field of Data Base Management System
were initiated for the development of two database packages using the latest GUI
(Graphical User Interface) and WEB based software tool available with the recent
version of ORACLE 7 client/server configuration, Developer 2000 suite software
packages for the use at CERN. The first project is development of JMT (Job
Management Toolkit) database for a workshop scheduling. This consists of about 100
complex forms, reports and UNIX scripts with a database of about 100MB. The job
involves conversion of the database package from the older version to the latest version
which requires understanding the package structure using various reverse-engineering



techniques, re-writing the package and testing for proper functioning. The modified
database package has to be finally made operational at CERN. This is being
implemented using the concepts of form libraries in the ORACLE 7 RDBMS. The
package also involves generating diagnostic and other user messages in French
language as the package is used in French speaking environment. The second project
is development of GEODE (Geodetic Database) for alignment parameters of about
10000 components used in various accelerators at CERN. This database is using about
100 complex forms and reports. The size of the database is about 100MB. The
development work involves re-designing entire database as per the specifications
provided by CERN, using the latest ORACLE 7 RDBMS package. This database will be
used for the forthcoming accelerator LHC (Large Hadren Collider). The job also
involves migration of old database alignment parameters into new database structure.

Development of Database packages for Central Stores:

The Receipts and Issues modules comprising major portion of database
requirement of Central Stores Unit database were implemented in RDBMS ORACLE.
The implementation of these database modules have resulted in the reduction of delays
in preparation of CSRVs (Central Stores Receipt Vouchers) from 15-20 days time
earlier, to within one day, thus expediting the process of release of payments. This
development has also streamlined the process of raising indents for Central Store stock
items. The Central Stores indents are raised as soon as the item balance reaches
reorder level. This process was also earlier taking 20-25 days. A uniform coding
system implemented for the use of this database system has also resulted in the
reduction of stock cards in all the stores of BARC from 1,75,000 to 1,30,000. Since the
accurate item balance is available online, it has become feasible to cut down the
inventory to the 66% of the earlier level.

Receipt module has three components:- data entry of purchase order, data entry
of goods receipt and report generation of CSRV. Issue modules has six components:-
data entry of items, data entry of level, data entry of original balance, data entry of
receipts, data entry of vouchers and report generations of stock cards. The other
components developed are data entry of cash purchases, indents and online servicing
of requisitions from indentors.

Interface for Fourier Transform NMR Spectrometer.

A PC based interface for pulsed nuclear resonance NMR Spectrometer available
at Chemistry Division was developed. The Spectrometer was non-operational for a long
period due to failure embedded computer. A hardware add-on circuit board compatible
with the electronics signal levels from spectrometer was designed for interfacing the
NMR spectrometer to a personal computer. The software packages on personal
computer was written for data acquisition, data processing and graphics presentation.
The software also provides for real time fourier transform, thresholding, peak detection,
statistical computations and spectrum calibration.
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Augmentation of Central Computing Facilities:

The Central Computing facilities available for scientific and engineering users of
BARC were upgraded very significantly by the addition of six high speed compute
servers along with five high speed workstations. Each of the servers is based on the
latest high speed Dec Alpha 64-bit microprocessor chip 21164A, operating at 400 MHz.
Each server has 256 MB memory and 8 GB disc storage capacity. The performance of
the server is in the range of 160 Mflops for scientific computing which is about 16-20
times faster than the Landmark i860 computers, the fastest available systems at BARC
for the last 4-5 years. These servers and workstations are interconnected by using high
speed fibre optic link through Asynchronous Transfer Mode (ATM) switch. In addition,
these servers and workstations are also connected to the local area network through
Ethernet interconnection. These systems have been configured in a form of cluster by
implementing Network Information System (NIS), Network File System (NFS) and File
system auto-mount facility. As a result, user located on any of the server can use any of
the servers in the cluster without any restrictions. About 150 compute intensive users
are using these systems.

Internet connectivity to BARC through high speed dedicated Link

An Internet connection has been set up with VSNL using Radio Modem from
Training School, South Site. This link is operating at 64 Kilo bits per second and
connected to Internet with Internet connectivity service provided by VSNL using very
high speed international link. The Internet connection from Training School, South Site
to Computer Centre, Mod. Labs, is implemented by using high speed modems on two
pairs of telephone lines, capable of operating at a speed of 128 kilo bits per second.
The link is giving an effective transfer speed of the order of 3 to 4 Kilo Bytes Per Second
for large file transfers from various remote Internet sites. The establishment of this
Direct link to Internet is a major step in providing high speed connectivity to BARC.
Earlier effort of using the leased line connection from BARC to VSNL was not successful
due to the poor performance of the lines. The direct VSNL link has improved the
Internet accessibility at BARC very significantly. A separate Internet server with TCP/IP
accounts using PPP protocol over the ISDTs and modems was set up for providing
access to BARC users who can access Internet for browsing and other applications
through their PCs. In addition dedicated PC's connected to this network were located
at Computer Centre for general use.
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DESALINATION DIVISION

Major Achievements

Desalination Division is engaged in fairly advanced ongoing research and
development programme on thermal and membrane processes for desalination and water
reuse.

1. PLAN PROJECTS

1.1. 6300 M3/day Nuclear Desalination Demonstration Project at MAPS,
Kalpakkam (IX Plan)

The project aims for setting up a desalination plant comprising of 4500 M3/day
Multi Stage Flash (MSF) desalination plant and 1800 M3/day Sea Water Reverse
Osmosis (SWRO) plant. The plant will utilize steam from Madras Atomic Power
Station (MAPS). This unit will not only enable demonstration of nuclear
desalination but will also cater partly to fresh water requirements that would arise
in future at Kalpakkam. The project has been sanctioned as IX plan project.

Detailed process design of 4500 M3/day MSF plant has been taken up. Design
considerations are introduced based on the successful operating experience and
performance evaluation of 425 M3/day MSF plant at Trombay. Preliminary plant
and equipment layout has been prepared. The instrumentation flowsheet
alongwith technical details of 4500 M3/day MSF plant was also prepared.

General specifications for the 1800 M3/day SWRO plant was finalised.
Preliminary plant and equipment layout has been prepared.

Discussions were held with Station Director, MAPS, Director, Civil Engineering
Group, IGCAR and Director, IGCAR to finalise the site for the project. The site
admeasuring (500 x 120) metre between MAPS and PFBR has been finalised.
Details of civil works were discussed. Discussions were held with MAPS
engineers regarding details of seawater, steam supply and electrical requirements
of the plant.

Safety report has been prepared and is being sent for clearance by AERB.

2. BASIC RESEARCH

2.1 Polymer Synthesis and Membrane Characterisation

PEAH membranes (100 Nos.) for the first stage of 5 M3/day SWRO unit were
prepared. A 50 plate RO module with above membranes has been assembled and
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tested with seawater (3500 - 4000 ppm TDS) giving 550-650 LMD flux and 85 to
90% SR at 50 to 58 bar. The 2nd stage unit converts this stream to potable water
quality.

2.2. New Product Developed

A 2540 spiral element has been developed from dry CAB membrane in house and
put under long term performance evaluation test using 2000 ppm NaCl at 30 bar.

23. New Process Developed

TFC membrane samples were prepared by insitu interfacial polymerization
method and tested for 3000 ppm NaCl feed at 50 bar.

2.4. Improved Heat Transfer Studies

Detailed design and technical specifications of 1 TPD Horizontal Tube Thin Film
(HTTF) desalination plant was completed. Chemical pretreatment system has
been procured. Performance testing of the pretreatment system was carried out.
Tentative layout was prepared. Procurement of plate heat exchanger, distribution
system, sea water pump etc. was followed up. Experimental runs were conducted
on single tube HTTF experimental facility.

3. APPLIED RESEARCH & ENGINEERING DEVELOPMENT

3.1. 425 M3/d Multi Stage Flash (MSF) Desalination Plant

The 425 m3/d MSF plant was operated round the clock on different occasions to
get valuable data for the 4500 M3/d MSF plant proposed for Nuclear Desalination
Demonstration Project (NDDP). Parties interested in the know-how transfer and
demonstration visited and witnessed the operation.

3.2. Waste Heat Utilization For Desalination

It is proposed to install a Low Temperature Vacuum Evaporation (LTE)
desalination plant coupled to CIRUS utilizing the waste heat of the nuclear
research reactor for seawater desalination. The waste heat from the CIRUS will
be available at 53°C for the desalination plant. The LTE desalination plant was
operated at 51-55°C hot water temperature to simulate the conditions for the
waste heat of CIRUS for seawater desalination. The desalting capacity of 13-15
TPD with 20-30 ppm product water quality was achieved.

3.3. 40 M3/day Sea Water Reverse Osmosis (SWRO) Plant

Civil work for this plant site has started. All the equipments and materials for this
plant have been procured.
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3.4. 15 M3/day VECC-RO Plant

A RO plant was installed and commissioned at VECC for production of low
conductivity water in conjunction with DM unit. Performance of the RO plant
was found satisfactory giving 5-10 ppm TDS product water from Calcutta
Municipal water feed.

4. CONSULTANCY

4.1. Consultancy services were provided to set up a 100 lit/hr. membrane separation
unit at M/s. Sandoz (I) Ltd., Thane for concentrating Calcium Lacto Bionate
(CLB) solution from 24% to 48%. Based on our design specifications a plant was
fabricated & installed by Ms. Permionics at M/s. Sandoz, Thane. The trial runs
were carried out achieving the desired concentration giving 70 LMD average flux
and only 2-3% CLB in the permeate.

4.2. Consultancy was provided to Defence Laboratory, Jodhpur for setting up a
30 M3/day brackish water RO desalination plant at Sheelgaon village, Banner
District, Rajasthan. The plant was fabricated by M/s. Water Treatment Company.
It was installed and commissioned under our supervision. This gives 200 ppm
TDS product water from 7000 ppm borewell water.
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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 higher levels of safety, reliability, ergonomics
and consistency for handling diverse tasks in nuclear facilities.

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

(i) BARC-HMT Collaboration for Servomanipulators:
i

With the delivery of the balance 1 1/2 pairs (3 sets) of Servomanipulators in
March 1997, the BARC-HMT Collaboration programme attained its concluding stage.
While one pair of the Servomanipulators has been lined up for further studies on
Advanced Telemanipulation under the IX Plan Project, two pairs are in the installation and
commissioning stage at WIP, Trombay.

(ii) Co60 Teletherapy unit for cancer therapy:

Action is underway for incorporating certain minor modifications in the mechanical
Sub-Assemblies of the unit for facilitating integration of the control systems and interlocks
currently under fabrication and progressive implementation.

(Hi) Systems for Power Reactor Maintenance:

Development of certain custommade robotic/remote handling systems for Power
Reactor Maintenance has been taken up. 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 are underway* Some of the developments in this regard
include an assembly for steam nozzle inspection from interior side and new systems (for
cleaning and UT) for external inspection.

Technology has been developed for continuous scanning and inspection of welds
with a sensor based pneumatic actuator system.
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Detailed design work has been taken up for the development of an insepction
device for moderator heat exchanger at NAPS. (Order for execution of the job has since
been obtained from NPC).

Development of an inspection system for RAPS type steam generator has been
initiated. The proposed system comprises a Robot Arm, Lifting Mechanism, Push Pull
unit, carriage, Eddy Current Tester and Computer Controller. Extremely limited access to
the task area and restricted work space even for intervention mechanisms are the major
constraints compelling a complex design approach.

Experimental planning is underway for extracting samples of heat exchanger tubes
and plug weld defective heat exchanger tubes remotely deploying Robots and Laser
beams.

(iv) Food Irradiator (POTON) Project:

Design of the mechanical and control systems for the commercial scale Irradiator
(POTON) for sprout inhibition in potatoes and onions is in progress. The design work is
being carried out in coordination with other Agencies involved in the project conforming
to AERB standards and norms. A visual simulation of the system has been developed for
the display of certain operations and safety related aspects.

(v) Robot configurations:

Technology for the SDoF SCARA Robot has been developed with deployment
potential in radioactive chemical laboratories and automation of loading and unloading
operations in manufacturing including nuclear fuel manufacture.

A six DoF Robot has been developed with full electronic digital control and
actuation, this configuration is suitable for interactive vision and Fibre optic Beam delivery
of laser in advanced machining operations.

(vi) Mobile Robots/Walking Mechanisms:

An algorithm for Mobile robot localisation (for reliable navigation) has been
developed using ultrasonic range data and map of the environment, test runs with a mobile
robot (developed in the Division with Radio control provided by Reactor Control
Division) were carried out to assess the efficacy of this approach.

m

Development of an unified graph search based procedure for generation of
different periodic and terrain adaptive free gaits for a six legged walking machine is in
progress; simulation studies were carried out in this regard.
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(vii) Automated Guided Vehicle (AGV) for fuel rod handling at AFP:

A scale down version of the AGV for material transfer in fuel manufacture has
been demonstrated for autonomous operation; appropriate control strategy is under
development. Design of the full fledged system is underway.

(viii) Advanced Sensory Devices and Vision Systems;

Static and dynamic studies with the Force Torque Sensor based on Stewart
Platform configuration were completed. This sub-system will facilitate force feedback for
achieving enhanced ergonomics in servomanipulator operation and adequate force control
in the End Effector of Robots for dexterious manipulation and complex operations.

Development of vision systems (both hardware and software) for Advanced
Automation and Intelligent Robotics is in progress. Under the model based vision
development programme, multi level complex signature operation and matching
techniques have been developed. Development of new techniques of recognition to handle
partial exclusion is underway. The 6D0F Robot (reported in an earlier section) has been
developed with stress on interactive vision based part manipulation and assembly. Some of
the tests with this system were completed.

(ix) Mechanical Master Slave Manipulators:

Development of the new 3 piece Mechanical Master Slave Manipulator type is
underway; the prototype is under fabrication. Manufacture and supply of two pairs of
Rugged Duty Manipulators developed by the Division has been completed and
commissioning has been initiated at site (KARP).

(x) Other significant development:

Other noteworthy programmes currently underway include Power Manipulators
for KARP, Periscope for FBTR and Graphite Cutting device for CIRUS.

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

The Apex Project comprising the programme for the Division under the IX Plan
has been sanctioned. Research and Development activities have been initiated. The
Divisional programme aims at upgradation of the need based technologies developed so
far under the VII and VIII Plan Projects as well as integration of the same for deployment
in nuclear facilities.
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(xii) Technology Transfer/Collaboration;

In view of the rewarding experience in our recent collaboration with M/s. HMT,
Bangalore, for Servomanipulators vis-a-vis time schedule and cost and the interest evinced
by M/s. HMT for further collaboration in Hi-Tech areas, it is proposed to enter into a Tie-
up with M/s. HMT for development and productionisation of Servomanipulator variations
to cater to the needs of other prospective Users in the nuclear as well as non-nuclear
Sectors such as Defence, Space Research, Oceanography and certain sectors of
manufacturing Industry; the custommade upgraded Bilateral Master Slave
Servomanipulator developed under the BARC-HMT Collaboration will be the building
block for the design of other needbased varieties.

Discussions were continued with reputed Manufacturers in the Private and Public
Sector in connection with our proposal to adopt the MOU approach for arriving at a cost
effective and time bound programme for the manufacture of Rugged Duty Manipulators to
meet the urgent in-house needs.
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ELECTRONICS DIVISION

Major Achievements

Control and Information System for Industrial Accelerator

The above system has been developed for the Control of the Industrial Accelerator at
BRIT Vashi. The front-end consists of a CAMAC crate with several CAMAC
modules. The CAMAC crate controller (transputer based) is interfaced to a PC with
the help of transputer based PC plug-in card. The control and monitoring of different
accelerator parameters is done through QNX Windows based Operator Interface. The
system supports low and high alarm with digital annunciation facility for a few
channels, field changeable data base support, continuous scanning of analog signals,
facility for ON/OFF control using buttons (digital), facility for controlling Variacs
etc. Also graphics display of CAMAC module connections of different parameters
are supported. The entire software has been developed with WATCOM C++ and
runs under QNX operating system.

Incore Flux Mapping Systems for KAPP-2

The system consists of two no's of Personal computers, one installed in Reactor
building (RBC), and other in Control room (CRC). RBC and CRC are connected
through a 300-meter RF coaxial cable of 75-ohm impedance. RBC is configured with
a disk-less Single Board Computer with PSOS Real Time Operating System. It scans
the signals from 24 no's of incore detectors (from amplifiers connected to the
detectors), out of which 8 nos. are Vanadium Self Powered Neutron Detectors
(SPND) and 16 nos. are Cobalt SPND. Vanadium SPND are slow in response
whereas Cobalt type are fast. RBC processes the Vanadium signals and converts them
to a fast signal through a special algorithm. RBC transmits the data consisting of
instantaneous values of 16 cobalt signals, 8 vanadium uncorrected signals and 8
vanadium corrected signals (for faster response), per second. The CRC receives the
data, processes it further, prints and displays the flux profile, history etc. The system
has undergone exhaustive field trials ar APSARA and CIRUS reactors and will be
shortly installed at KAPP-2. A new algorithm developed for speeding up response
time of Vanadium Self Powered neutron detectors has been incorporated into the
incore flux mapping system.

Modernization of Nuclear Instrumentation for Reactors

A new LAN based nuclear instrumentation system for future reactors (PFBR, AHWR,
500 MW..) is being developed. It is based on the networking of intelligent radiation
monitors required for Start-up, Reactor Regulating System, Protection System , In-
Core flux mapping system, Failed Fuel Detection and Location System, Process
Activity Monitoring System, Area radiation monitoring instruments are based on
either micro controllers or Single Board Computers (SBC) with communication either
by RS485 multi-drop or Ethernet by master computers dedicated for each type of
system. Each monitor is a stand-alone type and only transmits the data under
command from the master computer. Each of these master computer is linked to plant
bus through gate-ways for the purpose of Centralised Data Acquisition. The total
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LAN system is fault tolerant with dual physical media. Development of intelligent
monitors with SBC is nearing completion and design of RS-485 multi-drop network
with dedicated protocols is under progress.

Radiation Monitoring and Data Acquisition Systems

Development work and prototype fabrication for space critical , compact radiation
monitors for Health Physics Instrumentation has been completed. These consisit of:

Wide Range Area Gamma Monitor with range of lOmR/Hr 104R/Hr for energy
range of 80 KeV to lMeV and 4 to 20mA output.

Area neutron monitor with a range of 5nV to SOOOnV (thermal neutron flux) & 4 to
20mA output.

Skin absorbed dose monitor of (3 particulates with a mage of lOOKeV to 4MeV, &
4 to 20mA output. Development of gross P activity and Iodine-131 in air monitors is
near completion, p activity in air monitors have a range of 10"u to 10"6 Curies/litre,
and Iodine monitors have a minimum detectable activity of 200 pico Curies on the
charcoal filter.

A fault tolerant dual PC based Radiation Data Acquisition System is being
developed to process the data from the above mentioned radiation monitors. This
system is designed for operation at harsh environment and provides high reliablity by
using 2 no's of rugged, industrial Personel Computers with solid state drives.

Advanced Ultrasonic Imaging System (ULTIMA 100+)

An Advanced Ultrasonic Imaging System has been supplied to BHEL (Hyderabad)
against their purchase order. The system is based around a personal computer and
enables ultrasonic testing of metallic parts and welded joints using conventional
A/B/C scan techniques. A dedicated user friendly menu driven software has been
developed for this system. High speed digitization (100 million samples per second)
and ability to excite high frequency ultrasonic transducers (upto 25 MHz) are the
salient features of the system.

Three units of PC Add-On 100 MSPS Transient Digitizer have been supplied to CAT
(Indore), Chemistry Division and L & PTD Division (BARC) respectively.
Preliminary development of 200 MSPS Transient Digitizer (PC Add on type) has
been completed and the unit is ready for field evaluation. The 100 MSPS Transient
Digitizer is being offered for transfer of technology.

Five units of PC-Add-on Video Frame Buffer boards have been supplied to various
labs in BARC and CAT (Indore). Software routines have been developed for
compression/ decompression of digitized image data using DCT (Discrete Cosine
Transform). Software routines (based on ADSP 2100 Digital Signal Processor) have
been developed for processing 2D data (such as images) and ID data (such as
signals/waveforms) using spatial domain and frequency domain techniques
respectively.
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Multi Transputer Multi Parameter Data Acquisition System

MTMPS, is a high performance PC-CAMAC data acquisition system is developed
and is in continuous use for heavy ion physics experiments at the Pelietron accelerator
facility, TIFR, Mumbai. The requirement of high data throughput is combined with
the need for large amount of on-line processing in nuclear reaction and spectroscopy
experiments. Since data acquisition is a largely repetitive task, it lends itself to
parallelization. The major tasks of CAMAC read out, spectrum building, zero
suppression and data archiving are essentially independent, are distributed over four
Transputers. On-chip scheduler and message passing communication of Transputer is
exploited to achieve high performance. The system incorporates in-house developed
hardware including a Transputer based CAMAC crate controller (TCAMCON) and a
Triple Transputer based CAMAC module (THIST) with dual link to PC interface.
THIST has a T805 Transputer with 64 Mbytes memory for spectra building and T225
Transputer with SCSI interface. The system is networked over Ethernet to other DOS
and UNIX machines. This allows writing of list mode data on remote machine and
also to run customised software on the remote machine to perform additional on-line
processing. The system operates in any of the five user selectable modes. In list mode
off data archiving is turned off. In raw list mode the data buffers are logged without
pre-processing. In compressed list mode data buffers are compacted by removal of
data that does not satisfy upper and lower bounds. In gated raw and gated compress
mode user specifies a software gate condition on one of the parameters, an event is
being accepted for data logging only when the condition tests true, while the spectra
are built irrespective of this condition. Separate conditions can be imposed on spectra.
System Software is developed in OCCAM, Parallel C and Borland C. Time critical
jobs of data acquisition, data compression & SCSI driver are developed in OCCAM,
the native language of Transputer. Spectra building code is developed in Parallel C
which provide dynamic memory allocation feature, which is required for flexible
spectrum building capability.

Gamma Camera to PC Interface (ANUGAMI-S)

IAEA has placed purchase orders for about 80 nos. of the ANUGAMI-S system in
last two years. It is being supplied to various countries all over in Asia, Africa, Latin
America and Middle East as a commitment to IAEA, through the purchase orders. A
major part of commitment has been accomplished in this year. Further orders were
received for ANUGAMI-S from IAEA.

Further enhancement in the performance of ANUGAMI-S (Gamma Camera to PC
Interface) has been achieved by incorporating gated blood pool imaging with bad beat
rejection, for maximum 32 frames per ECG cycles. This has been achieved without
any change in the existing hardware.

Transputer based Spect Image Acquisition System

An interface between Gamma Camera and IBM compatible PC for medical imaging
has been developed using Transputer and it has been installed alongwith acquisition
software at Radiation Medicine Centre (RMC), Parel for clinical diagnosis. The PC
add-on interface card accepts X, Y position inputs alongwith synchronizing signal
from the Camera. It also accepts energy and ECG sync, signals for online energy
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correction and multigated 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 is read by the
Transputer and used for constructing an image in the external memory. Transputer has
been equipped with 4Mbytes of dynamic RAM to accommodate large number of
images in dynamic and SPECT mode of acquisition in addition to correction factors
for on-line corrections. Motor control hardware to control the rotation of the Camera
head has also been provided for SPECT (Single photon Emission Computed
Tomography) acquisition. The task of image acquisition and presentation is
distributed among the Transputer and the PC. The overall dead time of the system
including software overheads of on-line corrections is around IOJIS.

This development effort has replaced the old and obsolete PDP-11 computer used
earlier. Also, the interface with all corrections has eliminated the replacement of GE
corrector module costing around US$24,000. The card is in use for static and dynamic
studies and is being evaluated for SPECT studies. The user friendly acquisition
software supports different acquisition modes like static, dynamic, MUGA (Cardiac)
and SPECT studies with on-line energy, linearity and uniformity correction

PC based software has been developed for reconstruction, display and analyses of the
acquired data, and the correction by the transputer based Gamma Spect Camera to PC
Interface Card. Filtered back projection method with user selected window on RAMP
filter has been used for reconstruction. Software also enables rotation of the
reconstructed data with body axes, the display of the data in album or cine mode for
reconstructed as well as for projection data. Generation and display of orthogonal
slices allows interactive inpsection of reconstructed object. Side by side display of
orthogonal slices is carried out for comparison of two objects. The reconstructed data
is processed to generated 3D-shaded surface for inspection and location of abnormal
regions. Interactive selection of a slice, marking of region of interest and computation
of parameters is also possible.

A PC-based Impedance Cardio-vasograph system is being developed for the study of
central and peripheral blood flow. The unit incorporates most of the features available
in imported models. A 'Bio-medical Analyser' is being developed for the study of
Heart Rate, Respiratory Rate, Arterial Blood flow and cardiac output variability as a
function of time. It is envisaged that the variability in the above parameters caused by
activity of sympathetic and parasysmpathetic nervous system will be helpful in
detecting the malfunctioning of internal organs.

Reactor Regulating System For RAPS 2
The design and development of Reactor Regulating System for RAPS # 2 for NPCIL
has been completed. The fabrication, assembly and functional testing is in progress.

HP/LP Expansion Measurement Unit
Development of the processing electronics for the measurement of the LP and HP side
of the turbines for RAPS 1 & 2 was taken up. Based on the prototype performance,
RAPS has placed an order to supply eight such units. Fabrication of these units are
completed and testing is in progress. All the eight units are planned to be delivered to
site by end February 1998.
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Rod Monitoring units for RAPP 3 & 4
Nine units of Rod Monitoring units fabricated for RAPP 3 & 4 have been fully tested
and they are presently undergoing review by QS, NPCIL. One unit from this lot is
proposed to be subjected to siesmic and climatic teests at ECIL, Hyderabad test
facility. The test procedure and other arrangements are being worked out.

Generator overheating monitoring system is under development. Development 0.3
micron filter and pyrolysate collector has been completed. Fabrication of control
circuit is in progress. Field trials have been carried out and the system is expected to
be ready shortly. This system is suitable for use with air or hydrogen cooled
generators. Windows 95 version of software for Motor-Rotor monitoring system has
been developed. The software has been developed for Window-95 using Visual C++
MFC classes. The ADC card used was IO-maped. The system wilt be used as a
diagnostic tool for monitoring the health of Induction motors. The 12- Bit ADC card
for motor-roter monitoring system has been completed.

Pulsed X- ray Monitor Ion Chambers:
16 Nos. of high pressure argon-filled ion chambers equipped with two pairs of
electrodes have been developed for monitoring pulsed X-ray dose around electron
accelerators at CAT, Indore. They are capable of measuring a minimum average dose
of 0. lm R/h and a peak-dose rate of 104 R/h.

Aluminium Ion Chamber
One 800cc aluminium all-welded ion chamber developed for portable area monitoring
around the Rotating Anode X-ray Generator at CAT was tested for performance it is
capable of measuring 20KeV X-rays between 10 mR/h and lOR/h. Another 800cc
aluminium all-welded ion chamber has been supplied to CAT for measuring exposure
dose due to beam-spill.

B-10 Lined Proportional Counters:
A rugged boron-10 lined proportional counter, with an all-welded SS construction has
been developed for REM monitoring applications. Tests with standard neutron
sources and in Dhruva reactor hall have shown that its performance is comparable to
that of imported counterparts. Self-powered detector:One vanadium self-powered
detector has been developed for fast reponse studies.

PC based Liquid Scintillation Counting System
Development of PC based model for manually operated Liquid Scintillation Counting
System has been completed. One such system has been supplied to RSSD and it is
reported to be working satisfactorily. Six 8K PC add on cards (PCA-95) were
fabricated, tested and supplied to various divisions of BARC. Development of Low
power portable 8K MCA has been undertaken. The acquisition and control part of
this MCA has been designed using high density PLD type FPGA 400S. A low power
13 bit Nuclear ADC was also designed along with associated analog circuits. This
portable MCA is designed to give resolution of 8K, with conversion time of less than
lOusec, and DNL of better than +/• 1%. High speed peak stretcher which can detect
the peak of a pulse with a duration as small as 20nsec, and a 4 input multiplexer
which can multiplex pulses of 20nsec duration was developed. A spectrum stabilized
PC-ADC (8K channel, 100 MHz Wilkinson type) has been fabricated. Software for
stabilisation, multicard control, display and data analysis has been developed. Peak
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search, nonlinear least square fitting to peak model and nuclide activity estimation
are the salient features of the data analysis software.

4K Quad Nuclear ADC (CM-60)

Model CM60 Quad 4K (12 Bit) CAMAC Nuclear ADC with conversion time of 3.5
uS per input has been developed for high resolution nuclear multiparameter
equipments. It measures the peak of positive input signals during Window time/Gate
width adjustable), triggered by external Fast NIM strobe signal. Gatti's sliding scale
correction technique is employed to improve DNL with high speed ADC used for
conversion. DNL of+/-1% and INL of 0.02% have been achieved.

Octal Time to Digital Converter (CM81)

This is a single width CAMAC module which converts the time information into its
digital equivalent. It has conversion time of 108 uS with three time scale ranges of
lOOnS, 200nS, 500nS with 11 bit resolution on each channel. This resolution can be
as high as few 10's of picoseconds. Typical applications are:- time-of-flight
spectroscopy. Muon Spin Rotation measurements, laser induced chemical studies,
study of excited states of nuclei etc. The module has DNL of 10% and INL of 2
counts, individual start, common start and common stop inputs. The unit has in built
calibration test for start stop and reset function for ease of testing. These functions are
available as CAMAC commands.

Fast NIM Electronics for Accelerator based Experiments

A number of fast NIM modules have been developed for conducting studies involving
nuclear reaction at 14 MV tandem accelerator (MEHIA) at TIFR and BARC. These
modules are also used for carrying out fundamental research in gamma ray
astronomy and astro physics. State of art design of these modules has been
established and technology has been transferred for production to ECIL.

Quad Fast leading edge discriminators: This single width NIM instrument is capable
of discriminating pulses of amplitudes -20 mV to -IV, rise times of the order of 2
nanoseconds. It supports very high input pulse rate upto ISO MHz. Consultancy has
been provided at ECIL, Hyderabad for quality control and 40 discriminators have
been installed at Nulcear Research Laboratory, Mt. Abu, Rajasthan.

Dual Fast Coincidence Module: This single width NIM modules provides a three fold
fast input coincidence. The coincidence width is determined by input pulse durations
as low as 4 nanoseconds. It is operates upto 100 MHz.

Quad Constant Fraction Discriminator : This single width NIM module uses a
constant fraction of the input pulse to determine the timing of the output pulse relative
to the input signal. As a result of this constant fraction technique the output pulse is
not subjected to time walk caused by varying amplitudes and risetimes of the input.
The above mentioned feature is very important when an array of different types of
detectors are used in a single experiment. It supports input rates upto 150 MHz, and
input pulses of width 10 nanoseconds and amplitudes -10 mV to -IV.
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Gated Integrator amplifiers for pulse height spectroscopy at high count rates (100
kcps) have been fabricated and supplied to radiochemistry division.

A wide range digital current integrator capable of measuring current from
picoampleres to milliamperes has been developed. This general purpose instrument
uses a simple design approach providing a cost effective indigenous solution for
measuring wide range of currents with 1% accuracy. One of its applications is
measurement of beam currents of accelerators, and is being used in this capacity at
CCCM, Hyderabad.

ASIC for Personnel Dosimeter - ADAM

ASIC-based dosimeters are gaining wide acceptance in nuclear installations all over
the world as they become very compact, consume very less power inspite of providing
additional features like computer interface for data logging etc. Since the
requirements of dosimeters are in large numbers - in all nuclear installations, clinics
etc. it was taken up as first design in ASIC development programme in Electronics
Division. In the proposed approach, the personnel dosimeter is partitioned in to
Front-end' block with integrated Si-detector, preamplifier, discriminator and
DIGITAL' block.

The brief specifications of 'DIGITAL' part are: DC-1 MHz countrate handling,
Selectable & Programmable prescaling facility to cater different detectors, Six
decades of dose accumulation and Alarm setting, Personnel ED setting and Dose
readout through serial port. The first prototype design of ADAM - "ASIC for Dose
Accumulation and Measurement" (digital part of dosimenter) using standard cell
approach is designed. The work involved complete IC design cycle starting from
specification, design, simulation, physical layout and post-layout simulation and
verification.

Discussions with user group, to revise and finalise the specifications is being done.
The fabrication of the IC is planned to be carried out at ITI, Bangalore and Design of
Front-end' signal conditioning block is being carried out.

Papers and Symposia

1. "Environmental gamma monitor" by K.R.Prasad, Mary Alex, P.M. Dighe, R.
Karpagam, V. Balagi and S.D. Bapat was published in the Indian Journal of
Environmental Health, Vol 38, No.4 1996.

2. "Pressurised Ion Chamber foir Low Energy Radiation Monitoring" by K.R.
Prasad, V.Balagi, P.M. Dighe, Mary Alex and R. Karpagam published in
Radiation Measurements Vol27, No.4, 1997.

3. "Isotope Calibrator Ionisation Chamber for Low Energy Gamma Emitters" by
K.R. Prasad, Mary Alex, V. Balagi and P.M. Dighe published in Applied
Radiation and Isotopes Vo. 48, No. 7, 1997.

4. "A gamma ionisation chamber for on-line thickness gauging of materials" by
Mary Alex and K.R. Prasad published in Journal of Scientific and Industrial
Research, Vol.56, Dec. 1997.
"An ionisation chamber for transmission type thickness gauge" by Mary Alex and
K.R. Prasad presented at SA-PREM '97 Seminar on Automation in Process
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Engineering and Manufacture, Kalpakkam, Nov. 1997.

A Symposium on Advances in Nuclear and Allied Instrumenation (SANAI-97)
was conducted by Electroncis Division during February 5-7, 1997 and following
papers were presented :-

1. Multi Spectral Sealing Data Acquisition System - Anita Behere, R.D. Patil, M.D.
Ghodgaonkar and K.R. Gopalakrishnan.

2. Data Acquisition System for PSD Based Neutron Defractometer - S.S. Pande,
S.P. Borkar, M.S. Dhamanage, Anita Behere, M.D. Ghodgaonkar, K.R.
Gopalakrishnan and S.K. Paranjpe

3. A new design of 8 input analog router for nuclear pulse spectroscopy - J.D.
Tabib, Molly Paulson, P.P. Vaidya, K.R. Gopalakrishnan

4. Multi Channel Beam Profile Digitizer - R.S. Kapatral, K. Jha, M.D. Ghodgaonkar
and K.R. Gopalakrishnan.

5. Spectroscopy Amplifier - P.K. Mukhopadhyay and P. Satish
6. Quad Precision Delay Generator - Shanti Krishnan, K.R. Marballi and K.R.

Gopalakrishnan.
7. CAMAC Octal TDC (Time to Digital Converter) - V.B. Chandratre, R.S.

Kapatral and M.D. Ghodgaonkar.
8. Single Start Multiple Stop Time Digitizer - P.A. Deshpande, P.K. Mukhopadhyay

and K.R. Gopalakrishnan.
9. PSS Rod Monitoring Unit for KAIGA and RAPS - Debashis Das, K.R.

Gopalakrishnan, Subhashish Roy and M. Pramanik.
10. Dynamic Compensation of Vanadium SPND using Direct Inversion and Rank

Order Filtering - Amitabha Das, S.P. Chaganty and K.R. Gopalakrishnan.
11. Development of Modern Reactor Instrumentation Systems Based on Personal

Computer Hardware Architecture - P.V. Bhatnagar, F.Z. Deshmukh, R.K. Jakati,
S.P. Chaganty and K.R. Gopalakrishnan.

12. Design, Development, Testing and Manufacture of Second Generation of
Neutronic Channels for FBTR - G. Muralikrishna, C.P Nagaraj, M.
Sivaramakrishna, A. Venkateswarlu, A.R. Saroja, K. Raghavan, S.P. Chaganty,
Amitabha Das, F.Z. Deshmukh and K.R. Gopalakrishnan.

13. A Compact Radiation Monitoring Data Acquisition System for Space Critical
Nuclear Installations - A. Narsaiah, S.S. Pande and K.R. Gopalakrishnan.

14. Teletector - Design Issues and Solutions. Based on Microcontroller - R.K. Jakati,
M.W. Namjoshi and S.D. Bapat.

15. Development of High Frequency Pulser/Receiver for Ultrasonic Inspection of
Materials - V.H. Patankar, S.R. More and V.M. Joshi

16. Spoken Word Recognition Based Stepper Motor Controller - A.M. Patankar, K.R.
Gopalakrishnan, AK. Bayala and V. Madhavi

17. Development of Square Pixel Frame Buffer for Video Image Processing - S.K.
Lalwani, A.A. Agashe, S.R. More and V.M. Joshi

18. DSP Based High Speed Image Processing Board - A.A. Agashe, S.K. Lalwani,
S.R. More and V.M. Joshi

19. Electrical Impedance Tomography for Viewing Resistivity Distribution - G.D.
Jindal, J.P. Babu, C. Naren and K.R. Gopalakrishnan

20. PC-AT to Gamma Camera Interface ANUGAMI-S - Sadhana Bhattacharya and
K.R. Gopalakrishnan

21. Development of Magnetic Stimulator for Clinical Application - S.H. Sanghvi and
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P.M. Sathe
22. PISA - Cordiography for the Diagnosis of Ischemic Heart Disease - A.C. Bhuta,

Anjta Behere, CD. Jindal, M.D. Ghodgaonkar and K.R. Gopalakrishnan
23. Processing of Liquid Scintillation Nuclear Spectra for Unquenched - V.K. Madan

and K.R. Gopalakrishnan
24. Instrumentation for Photon Counting and Laser Spectroscopy Applications - V.B.

Chandratre, T. Anil, R.S. Shastrakar, M.D. Ghodgaonkar and K.R
Gopalakrishnan *

25. P C Addon High Speed Transient / Waveform Digitizer - P.D. Motiwala, S.R.
More and V.M. Joshi

26. U-233 Fission Detectors for Reactor Instrumentation - V Balagi and K.R. Prasad
27. Indigenous Development of B-10 Lined Proportional Counters - Priyamvada M.

Dighe and K.R. Prasad
28. A simple method of Gated charge to digital convertion for nano sec. pulse width -

P.P. Vaidya, Rajvinder Kaur, K.R. Goplalakrishnan
29. Electrical Impedance Measurement of Irradiated Potatoes - J P. Babu, Brij

Bhushan, G.D. Jindal and Paul Thomas
30. Motor Rotor Monitoring System Based on DSP Technique - A.M. Patankar, A.K.

Bayaia, MY. Dixit, ROC Moorthy and M.V. Pillai.
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ELECTRONICS SYSTEMS DIVISION

Major Achievements

1- Image Processing and Vision Systems:

i) Image Processing System for Personnel Neutron
Monitoring using CR-39 SSMTD for RS&ID

A PC based image analysis system was developed and installed
at RS&ID, BARC for automation in fast neutron personnel
monitoring using CR-39 SSNTD. The system consists of a
black and white CCD camera and a video frame grabber
interfaced to a personnel computer. A grazing light
illumination using circular fluorescent tube was provided
to view the CR-39 SSNTD sample. A software package was
developed to count the elctro-chemically etched tracks
satisfying specified size and shape criteria for evaluation
of the dose received. The system provides increased
reliability as subjective bias is eliminated in counting of
the tracks.

ii) Performance Enhancement of Real-time X-ray Radiography
Machine at Central Workshops:

A real-time industrial radiography machine at CWS was
repaired and its performance was upgraded. Special
calibration jigs were fabricated to quantitatively evaluate
the performance of this machine. The refurbished system now
gives 3% sensitivity as against the specified rated value of
4%. Computer based image processing unit was developed to
provide improved quality.

iii) Image Analysis System for Life Sciences:

A chromosome Karyotyping & micronuclei analysis system was
developed for cytogentic studies. These genetic end-points
are the standard parameters to investigate cytogenetic
effects of ionizing radiation and genotoxic chemicals.
Karyotyping involves classification of various chromosomes
at metaphase stage into various groups based on size,
surface area and relative length of the short arm to the
long arm of the individual chromosomes. The system
incorporates important features like classification into
groups, morphology filters, auto-separation of convex
features and straightening of the curved chromosomes.
Information of each chromosome can be obtained and
classification errors can be corrected interactively.
Micro nuclei analysis involves measurement of the area and
ratio of the nucleus to the micronucleus.
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The system consists of a 500 line resolution 3-CCD color
camera mounted on a microscope, a PCI frame grabber to
digitize image, a pentium computer system and a 720 dpi
colour printer.

A color image processing system was developed for
chlorophyll, protein analysis and infected leaf area
measurement for Molecular Biology and Agriculture Division,
BARC. This system enables evaluation of unknown
chlorophyll/protein dot concentration and has features like
computation of weighted integrated gray values and
calibration of system sample dots.

2. Instrumentation:

Dual Channel Vibration Analyser Development:

A PC based duel channel vibration analyser was developed
for monitoring health of rotating machines at Central
Workshops. It captures vibration data from machines using
accelerometer and analyses the same in time/freguency domain
to create signatures. The system was used at CWS to detect
the imbalance in the axial bearings of precision grinder
machines. The system was also used effectively to diagnose
vibration problems in the accelerator column of the FOTIA
project. The analysis by the system proved that the cause
of vibration in the perspex column was due to the imbalance
in the column. After correcting the imbalance, the
vibration level was found to be within the acceptable limit.

3. fi^n^j.'fcy Systems ;

i) Changeover of Access Control system :

Access control system based on the imported water mark
magnetic card reader was replaced successfully with
indigenous semi-proximity card reader based system at NFC,
RAPS, NAPS, HWP-Baroda, Kota and AFFF Tarapur. Major
modification was carried out in the semi-proximity card and
to improve the false rejection and also the security level.
Interfaces were developed to utilise these new card readers
utilising the already installed access control computer
system.

ii) Physical Protection System for Kaiga & RAPP3&4

Development of major hardware and software for integrated
security system at Kaiga Project was completed. Major
equipments and systems for this project were developed and
despatched to the site. Engineering details for execution
of the project were worked out with ECIL and NPCIL, Kaiga
Project.
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iii) Multimedia ID system for BARC Security

A multimedia based ID database system to capture, store,
retrieve, play and print facial image, signature, finger
print and voice clip alongwith personal details was
developed for security applications. IBM-PC based system
can be used for issuing temporary photo-identity cards to
visitors, temporary contract employees etc alongwith color
coding to verify the identity of regular employees,
signatures with photo or voice clipping for issuing
temporary permit in case they forgot or lose their identity
card. This system also incorporates an important feature to
keep log of the departmental and other regular vehicles
entering/exiting any facility by means of barcode labelling.

PUBLICATIONS:

The following papers were published in the proceedings of
the Symposium on Advances in Nuclear and Allied
Instrumentation held at Bhabha Atomic Research Centre during
5-7 February, 1997.

1. "Vision System for Precision Alingnment of Coolant
Channels" by S. Kar et.al.

2. "Image Processing System for Memmalian and Human
Cytogenetic Analysis" by S.V. Bannur et.al.

3. "Ultrasonic Level Monitoring System" by K.P. Ambastha
et.al.

4. "PC Based Multi-stream Hydrogen Monitoring System" co-
authored by H.R. Mehta.

5. A paper entitled "Performance Optimisation of Real Time
X-ray Radioscopy Machine at Central Workshops, BARC,
Trombay" by B.D. Bhasin et.al. presented in the annual
conference of NAARI-97 held at Bombay during 5-6 March,
1997.

6. "Security & Safety Systems", invited talk by R.K. Nigam
in the workshop held by IETE (Hyderabad Chapter) at
Hyderabad during November 20-21, 1997.

7. "Facility Management System" by Ranajit Kumar and
R.K. Nigam, invited talk at Seminar on Automation
in Process Engineering & Manufacture (SA-PREM 97)
held at IGCAR, Kalpakkam during November 26-28, 1997.

8. "Computer Aided Electrochemistry" by Ranjana Kulgod,
Ranajit Kumar, R.K. Nigam (ESD) and P.R. Singh,
K.B. Gaonkar (MSD) presented at Seminar on
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Automation in Process Engineering & Manufacture (SA-
PREM 97) held at IGCAR, Kalpakkam during
November 26-28, 1997.

9. "Development of computerised on-line vibration
monitoring system for Rotating Machines" by A.K.
Sharma, A.K. Singh, H.R. Mehta, R.K. Nigam (ESD)
and P.G. Jose, A. Manjunatha, M. Jayendranath (CWS)
presented at Seminar on Automation in Process
Engineering & Manufacture (SA-PREM 97) held at IGCAR,
Kalpakkam during November 26-28, 1997.

10. "Memory and Peripheral Devices" invited talk by V.K.
Chadda delivered in the pre-seminar tutorial programme
of National Seminar on Non-destructive Evaluation for
Life Extension held at Hyderabad during 11-13 D e c ,
1997.
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ENVIRONMENTAL ASSESSMENT DIVISION

Major Achievements

I. MODELLING STUDIES

Two-dimensional meso scale model was used to simulate onset time and duration of land-
sea breeze systems at the coastal site of Kalpakkam and the model results showed good
agreement with the observed climatology at the site. The study indicated the importance
of including fractional cloud cover and soil moisture in simulating the onset time of
occurrence of sea breeze.

Diurnal and altitude variation of horizontal wind speed and direction, vertical
components of wind vectors and turbulence intensity were studied at Trombay site using
SODAR data collected during premonsoon, monsoon and post monsoon seasons. The
direction wise wind flow patterns are found to be indicative of the combined effect of
seasonal as well as upwind topographic characteristics.

A study of wind energy potential at Trombay ridge top ( 300 m above MSL) was
conducted based on wind speed measurements over a period of one year. It was found
that a low and medium power wind mill ( requiring wind speeds greater than 8 and 11
km/h respectively) can be operated at the site with an average availability factor of about
76% and 57%.

A study for the estimation of actinic flux and photolysis rate constant of NO2 was
carried out using inversion of aerosol impactor data collected from different regions of
Mumbai city to obtain number size distributions and the aerosol optical thickness from
radiative transfer model. Parametric studies indicated the importance of considering
elemental carbon content of aerosols in the atmosphere.

To study the diurnal evolution of mercury vapor fluxes from the ground, the surface
layer model is coupled to a one-dimensional boundary layer model. Deposition velocity
is obtained using the resistance model for bare soil, full plant canopy and surface partially
covered by canopy. Soil emission fluxes of mercury vapour are evaluated from soil
temperature variations obtained from boundary layer model and the comparison of net
fluxes ( difference of emission and deposition flux) with limited observational data
showed good agreement.

Limits on disposal rates and activity concentrations in radioactive wastes have been
computed using different release scenarios for about 26 radionuclides commonly
encountered in a near surface disposal facility originating from back end of nuclear fuel
cycle These limits are then segregated for major specific radionuclides/ groups of
radionuclides on the basis of critical scenario/ critical pathway concept indicating
signatory radionuclides for monitoring purposes.

A simple model has been developed to study the migration of radionuclides from high
level waste repository (HLRW) for preliminary safety analysis during site survey stage
of the repository. The host matrix of the repository is modeled as a cylindrical system
having circular fracture at its Centre and the migration of the radionuclides from the
repository is described using two coupled equations : one for fracture and the other for
host matrix. The processes considered in fracture are advection, sorption on fracture
surface, diffusive loss to the host matrix and radioactive decay. The governing processes
for host matrix are diffusion, adsorption and radioactive decay. The radioactivity input
into fracture inlet is assumed as an instantaneous area source.
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Adaptability of the basic concepts involved in predicting migrational behaviour of
radionuclides from near surface disposal facility is studied in relation to management of
hazardous chemical wastes. The applicability of different regulatory limits like, ADI
(Acceptable Daily Intake), RfD (Reference Dose) , NOAEL (No Observed Adverse
Effect Level) and slope factors used for impact assessment have been evaluated along
with uncertainties associated with them.

IL ENVIRONMENTAL STUDIES

Concentrations of non-methane hydrocarbons are measured in different locations of
Bombay and seventeen hydrocarbons are identified in air samples using a cryogenic pre-
concentration system and a GC with flame ionization detector. About 40% of the
samples collected in Thane and Mahul region exceeded AQS value of 240 ppb
recommended by MPCB.

Concentration of methyl mercury and its relative fraction to the total mercury in marine
food was studied using reversed phase high performance liquid chromatography (HPLC)
with UV detection system. The daily intake of methyl mercury through marine food is
about 0.5 ug forming 62% of the total mercury intake through this route.

Ko factors were estimated for various elements of environmental importance for three
irradiation positions of APSARA using Standard Reference Materials (SRMs) of soil and
coal.

The concentration of elements determined using these factors in a fly ash SRM revealed
good agreement within 10% of the certified value. The efficacy of the method compared
well with that of specific element comparator method as revealed by the elemental
concentrations obtained both the techniques.

Laboratory experiments conducted to study the kinetics of organophosporous
insecticide, Chlorpyrifos in a model marine ecosystem using its C-14 labeled form
indicated about 50% uptake by the marine organisms with sediment containing about
5%. The remainder is lost as a result of mineralization of the compound. This study is
carried out in collaboration with NAD as a part of IAEA CRP on distribution and fate of
pesticides in tropical marine environment.

The toluene- benzene ratio measured from a few petrol driven vehicles in Bombay
varied between 0.9-3.0 with a mean of about 1.9. The toluene to benzene ratio measured
at industrial locations such as Thurbhe and Mahul were 0.74 and 0.69 respectively
indicating significant contribution of benzene in the industrial emissions.

Airborne Tributyl Phosphate samples during nuclear fuel dissolution were collected and
analyzed using GC with OV-101 column and the concentrations ranged between 8.6-
35.9 ug/m3 (TLV: 2.2 mg/m3)

The sedimentation rate in Thane Creek was studied using Pb-210 dating technique. The
measurement Pb-210 was carried out through radio chemical separation and alpha
counting of its grand daughter Po-210. The dating technique coupled with depth profile
of trace metals in sediment provided information on the time history of anthropogenic
input of trace metals into the creek.

HI. TOXIC METAL EXPOSURE STUDIES

45 Blood samples were referred for Pb estimation from different hospitals in Bombay
and seventeen cases were found to have high blood Pb levels in the range of 32-126
ug/dl (MPC:25 ug/dl).
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12 urine samples from patients of different hospitals who were diagnosed as Pb
poisoned or having Wilsen disease were analyzed for Pb and Cu. Three cases were found
to be Pb poisoned and two cases showed very high Cu levels in the range of 309-639
ug/1 (MPC: 65 ug/1) indicating liver disease.

Lead was estimated in 3 Ayurvedic medicines which were consumed by a diabetic
patient whose blood Pb level was found to be very high 126 ug/dl. The concentrtaion of
Pb in these medicines varied between 45ug/g-105 mg/g.

23 liver biopsy samples received from different hospitals were analyzed for Cu which
ranged between 20-1130 ug/g.

200 blood serum samples were analyzed for Cr using Graphite AAS under a
collaborative project with Harkishandas Hospital for glucose metabolic studies.

IV. PARTICIPATION IN AN IAEA - CRP ON REFERENCE ASIAN
PHANTOM

' International
g q ( an(j

using a Reference Asian Phantom1.The calibration
measurements on the Asian phantom , totalling to more than 4S0, were carried out with
a variety of detection systems (phoswiches, thin and thick Nal(Tl), HPGe) employed in
a number of counting geometries over the chest of the anterior phantom and the
phantom along with its accessories was shipped to the next participant, namely,
Bangladesh. All measurement results will be reported to IAEA in the EXCEL spread
sheets as per the CRP protocol.

V. BODY RETENTION STUDIES ON125Sb

Body radioactivity measurements on a group of seven persons exposed to '25§b oxide
aerosols have been carried out upto a period of about 39 months post intake. The results
indicate that the lung clearance half-time of this material is of the order of 400-500 days,
suggesting it as a type S material rather than type M presently assumed by ICRP.

VI. WHOLE BODY MONITORING AND 41Ar INTERFERENCE

175 workers from various plants and laboratories of BARC were monitored for internal
contamination due to the fission and activation products ( ^ ' C s , ^H, *&Co, ^^Co)
using ' Shadow Shield Bed1 and ' Shielded Chair' types of whole body counters. Studies
on the assessment of interference due to 41 Ar releases from Dhruva and Cirus
reactors in the whole body radioactivity measurements of various gamma emitting
radionuclides were carried out for both types of counters.

VII. GAS SCINTILLATION PROPORTIONAL COUNTERS (GSPCs)

Development work on a new type of radiation detector, Gas Scintillation Proportional
Counter (GSPC) was continued. To investigate the effect of ionization density on the
rise time and of the ionization quenching / recombination luminescence on the amplitude
of the scintillation pulses, studies with a 1.7 mm dia rod anode Ar+2.5% N2 GSPC and
a 252cf source are in progress.
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COMPUTATIONAL INTERNAL DOSIMETRY

Computational procedure for assigning realistic committed and annual doses to
plutonium exposure cases, from the results of direct and bioassay measurements, has
been developed. The procedure based on ICRP-30 lung model, ICRP-48 metabolic
model of Pu and it's systemic excretion functions (ICRP-54), incorporates, effect of
non-uniform exposure patterns in a year, transients arising close to monitoring time,
contributions from previous years exposures, and use of realistic Derived Levels' with a
view to reduce uncertainty in the dose estimates.

IX. WHOLE BODY RADIOACTIVITY MONITOR FOR KAIGA ATOMIC
POWER

PROJECT

A shadow shield whole body radioactivity monitor (SSWBRM) was made fully
operational after assembling its shield, motorisation of its bed and commissioning of its
Nal(Tl) scintillation detector with the associated electronic instrumentation. The data
acquisition and recording equipment of the monitor consisted of a PC based 8K
multichannel pulse-height analyser. The SSWBRM was calibrated in the scanning mode
with a water filled plastic phantom for three radionuclides of interest, namely ••* 1 ^ 13/Cs
and 60co . This SSWBRM is presently in the process of being transported to the
Environmental Radiological Laboratory of the Kaiga Atomic Power Project where it
will be installed, made operational and put to use for the monitoring of internal
radioactive contamination of workers.

X. WHOLE BODY COUNTERS: UPGRADATION PROGRAMME

As a part of upgradation programme of whole body counters operating at various
Atomic Power Stations in the country, a new modified shadow shield whole body
radioactivity monitor has been assembled and made operational. Presently, this monitor
is being utilized for the development of a suitable computer software package which
besides facilitating a PC-controlled monitor operation, will also provide the monitoring
results in a readily reporting format immediately after the subject counting is over.

XL PAIRS CIRCUIT FOR LUMINESCENCE DATING

A pairs circuit was designed and developed and was incorporated in an existing ZnS
alpha counting set- up for the determination of thorium in the samples via the counting
of pairs of alpha pulses produced by daughters of Thorium, namely 2 2 0 ^ ancj 216p0
within a time span of 0.4 sees. The circuit after thorough testing has been put to routine
use in the Division's Luminescence Lab. for determining the radioactive contents of the
samples and hence, the dose rates for facilitating luminescence dating.

Xn GERMON PROJECT

A National Environmental Radioactivity Monitoring network is being set up as a part of
Global Environmental Radioactivity Monitoring Network (GERMON), under the VIII
Plan from 1992. It has covered sixteen stations: Alwaye, Calcutta, Hyderabad, Jaduguda,
Jodhpur, Kakrapar, Kalpakkam, Kota, Mangalore, Mumbai, Nagpur, Narora, Shillong,
Tarapur, Tezpur and Visakhapatnam. Nine more stations will be setup during the next
two years.

Jodhpur, Kalpakkam, Kota, Mangalore, Mumbai, Nagpur, Narora, Tarapur and Tezpur
have Integrated Systems' consisting of i) moving filter unit for gross beta measurement,
which has a minimum detection limit of about 30 mBq/m^ for long lived radioactivity
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and for measurement of Radon-Thoron progeny and ii) environmental gamma radiation
monitoring unit of high pressure ionization chamber.

At other stations gross beta activity is monitored by collecting weekly air filter samples
and then estimating by low level beta counting system with a sensitivity of 30 uBq/nw.
In order to estimate concentrations of man-made radionuclides in the atmosphere, these
filter paper samples are analysed by high resolution gamma ray spectrometric technique
by which the atmospheric concentrations of Cs-137 upto 2 uBq/m^ can be estimated.
Continuous gamma monitoring is also done using ECIL made Environmental Radiation
Monitors(ERMs).

A new system, "Printer Multiplexer and Data Communication Equipment" is being
developed as add-on to the existing systems at each GERMON station. This system will
avoid the need for multiple printers when different systems are operated at one station.
Data communication is also part of this system so that data from different systems can be
transmitted to the central station with out any additional hardware for each system.

XIII. A COORDINATED RESEARCH PROGRAMME ON QUATERNARY
STATIGRAPHY AND PALEOENVIRONMENTAL HISTORY OF THE
THAR DESERT

A multidisciplinary project was initiated by Central Arid Zone Research Institute
(CAZRI ) Jodhpur, Delhi University, Geological Survey Of India (GSI) and Physical
Research Laboratory (PRL) Ahmedabad, supported by DST, with the aim of studying
the paleomonsoonal history of Thar desert. EAD participated in the sub project on
"Proxy measures of paleoenvironmental and paleomonsoonal changes in western India
using aeolian and lacustrine sequences in the Thar desert and its margins". The
participation involved the use of expertise in the field of Infra Red Stimulated
Luminescence (IRSL ) and its use in the geological dating.

Five samples from two sites at Amarsar , a village about 100 km NW of Jaipur were
collected at different depths between 0.5-6 m from horizon and dated. The dates
obtained are found to be between 10 - 70 ka Before Present (B.P.)

It appears that between 30 - 37 ka (B.P.) the migration rate of sand was fairly high (
0.3 m/ka ) indicating high mobility of sand and thus an arid climate during the period.
Period between 10 - 30 ka on the other hand points towards sand deposition rate of
about 0.05 m/ka. This could indicate stable climatic conditions during the period
between 10 - 30 ka. This is also seen between the periods between 37 - 65 ka where the
sand deposoition rate is observed to be 0.05 m/ka.

XIV. BASIC STUDIES ON AEROSOLS

Based on the earlier theoretical studies conducted in EAD, a stagnant air device
incorporating a central electrode coated with ZnS in a scintillation cell to which AC and
static fields are applied, has been developed for measuring the radon progeny mobility
and charge lifetimes. The feasibility of using this device has been tested and it can be
used for radon progeny charge parameter measurements under different environmental
conditions.

As a part of examining the irreversibility hypothesis in aerosol coagulation theory,
computation of the thermal break-up rates during the coagulation of nano-particles have
been made as a function of particle size and temperature. For materials with moderately
strong Hamaker constants, these turn out to be comparable to or larger than the
coalescence rates. As a result, the theory predicts that the coagulation will be inhibited
below a critical particle concentration. The consequences of this are being explored.

130



A parametric methodology has been developed for estimating radon, thoron
concentrations, inhalation doses and several other parameters from the tracks registered
on the SSNTDs in the twin-cup passive monitors. This methodology does not assume
equilibrium factors a-priori and extracts the unknown ventilation rate parameter through
a set of physically consistent equations. Based on this, a FORTRAN program
"MIXDOS" has been written for large-scale analysis of the data accrued in the monazite
survey programme.

An adsorption technique using molecular sieves, has been applied for estimating the drift
loss suppression efficiency of water vapour in the eliminators used in Air conditioning
plants. Measurements at the BARC Central Air Conditioning Plant, yielded a
suppression efficiency of 80% and 99% for the two eliminators. The additional water
saving due to the use of the second instead of the first eliminator is estimated to be 59
m-3 per day.

XV ENVIRONMENTAL RADON/THORON STUDIES

As a part of the ongoing programme of Inhalation Exposure Assessment in HBRA,
Kerala, hundred houses have been surveyed in the year 1997. Intercomparison exercises
with RCC have been carried out in 40 houses. The data are being analysed with the
newly developed methodology.

Co-ordinated Research Project (CRP) on radon mapping across the country using
passive SSNTD based dosemeters started in March, 1977. Seven Universities and
Atomic Minerals Division covering areas around Shillong, Amritsar, Tehri Garhwal,
Mysore, Mangalore, Madras, Hyderabad and Nagpur are participating in the project.
Five nodal centres at BARC, Jodhpur, Kalpakkam, Jaduguda and Alwaye have been set-
up. The necessary equipments as well as training has been given to the participants

A series of experiments using thoron progeny and Pu-Am sources were carried out to
quantify the response of LR-115 SSNTDs to alpha energies above 5 MeV. The results
show that the track registration efficiency is of the order of 0.001% or less for one hour
etching and track detection by spark counting method. This validates the assumption that
deposited activity does not contribute to track registration during radon thoron
dosimetry using LR-115 detectors.

A collaborative study with RB&BD has been initiated to examine the toxicological
effects of exposure to radon on rats. The first set of experiments have led to the
detection of changes in the enzyme levels in the tissues of lung, liver and kidney on
exposure to radon at a level of 183 kBq/m3. The study is being continued.

In collaboration with the Indian School of Mines, Dhanbad, a pilot study has been
carried out using passive radon monitors in order to detect underground cavities in coal
mines. Measurements were carried out in West Bokaro coal mines of TISCO for a
period from May to August, 1997. So far, no significant differences in the radon levels is
seen in locations with and without cavities. Although this is a negative result further
studies are necessary to draw definite conclusions.

XVI. AWARDS

1. Smt. Radha Raghunath was awarded PhD degree by the University of Bombay on the
topic "Studies on Environmental Levels of Toxic Trace Metals and Their Exposure
Assessment For Bombay Children" during 1997. (Guide : Dr. K.S.V. Nambi)

2. Shri S.K.Jha was awarded PhD degree by the university of Bombay on the topic
"Physico-chemical behaviour of Np-237 in marine environment" during 1997. (Guide :
Dr. IS. Bhat)
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3. Shri.T.K.Haridasan's thesis on Optimisation and Calibration of In-Vivo Counting
Systems for Assessment of Actinides in Body Organs' has been accepted for the award of
PhD degree (Physics) by Univ. of Mumbai (Guide : Dr. K.S.V. Nambi).

4. The paper on ' Design and application of size selective impactor inlet for high volume
sampler1, published in Journal of the Institution of Engineers (India),(vol. 77, 1997, 27 -
29) authored by K.V.V.N. Satyanarayana, A. Vinod Kumar and R.S. Patil, was given
best paper meritorious award for the year.

XVII. REVENUE EARNINGS

Radioactivity certification and )
aerosol measurement services ) : Rs. 18,89,300/-
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1. A.M. Mohan Rao, G.G. Pandit, P. Sain, S. Sharma, T.M. Krishnamoorthy and K.S.V.
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shallow land burial facilities- application to back end of fuel cycle., Applied Radiation
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Metrology Society of India, Vol XII, No2-4, pp. 66-69, 1997.
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14. Radha Raghunath, R.M.Tripathi, R.N.Khandekar and K.S.V.Nambi., Retention times
of Pb, Cd, Cu and Zn in children blood., The Science of the Total Environment,207
(2&3), 133-139, 1997.

15. K.S.V.Nambi., Blood lead levels as indicators of Air Quality., Environsafe, 1(1), 23-
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16. K.S.V.Nambi, Radha Raghunath, R.M.Tripathi and R.N.Khandekar., Scenario of Pb
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FOOD TECHNOLOGY DIVISION

Major Achievements

1. Irradiation Processing of Foods

Fresh strawberries exposed to a 2 kGy dose of gamma irradiation showed a 3-10 fold
reduction in microbial load. This dose could be employed for the control of spoilage microbes as
well as food-borne pathogens in strawberries. It was observed that the samples irradiated at 2 kGy
dose and stored at 10°C had a shelf-life of 10-12 days, whereas, those stored at 4°C exhibited a
shelf-life of 15-20 days. The sensory attributes of the fruit were found to be better when stored at 4°C.
A slight increase in the amount of soluble solids, was observed, however, no change in the texture,
flavour and sweetness were found.

A combination of hot water dip and radiation treatment (50°C/10 min, 0.25 kGy) was
found to be effective in bringing down the spoilage of mango (var. Chausa and Langra) from 50% to
10% during a 9 day storage at ambient temperature (26±2°C). Textural changes in irradiated
mango monitored using an Instron Universal tester indicated improvement in keeping quality.
Similarly, gamma radiation in the dose range of 0.5 to 1 kGy alone or in combination with hot water
dip (50°C/10 min) was also found to be useful in the extension of shelf-life of papayas up to 1 week
at room temperature.

In its application to minimally processed vegetables, packed shredded carrots exposed to a
gamma radiation dose of 2 kGy could be stored up to 6 weeks at 4°C without any significant change
in the ascorbic acid and total carotene content.

Intermediate moisture (IM) buffalo and lamb meat cubes vacuum packed in metalized
flexible pouches received from CFTRI, Mysore, were exposed to gamma radiation and evaluated
for microbiological quality upon storage at ambient temperature. Though nonirradiated samples
had a high total bacterial count and Staphylococcal count irradiated samples showed a dose
dependent improvement in microbial quality. At 10 kGy the product was found to be commercially
sterile. Irradiated (10 kGy) ready to serve chicken kababs were found to be sterile and sensorily
acceptable up to 12 weeks of storage.

A dose of 3 kGy was found to be adequate to hygienize peda samples procured from Grade
A shops. The irradiation was not found to affect the organoleptic quality of the product.

Low doses of gamma radiation up to 0.75 kGy were found to cause rapid degradation of
flatulence causing oligosaccharides in Bengal gram (chick pea) during germination. In horse beans,
stachyose, the major oligosaccharide, degraded in dry state itself. On overnight soaking of the
irradiated legumes oligosaccharides are converted into easily metabolizable carbohydrates.

2. Detection of Irradiated Foods

A simple bacterial turbidimetric method for detection of radiation hygienized and
pasteurized foods including mushroom, lamb meat, chicken, fish and spices has been developed.
The method is based on the differences in the turbidity development in a minimal or rich medium
by the residual microflora in irradiated or nonirradiated food.

Study of the ESR signals of irradiated lamb and chicken leg bone powder suggested that up
to 20 kGy the signal intensity increased linearly with the radiation dose. Saturation of irradiation
induced signal was observed at doses above 60 kGy. The signal was found to remain stable even
after the sample was heated up to 150°C/15 min. Intensity of the signal was found to be reduced
after heating at175°C.
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3. Other foods and additives

A process has been developed to prepare reconstituted steaks from washed shark meat
making use of gelation properties of shark meat in the presence of trace amounts of acetic acid. The
gel molded into steaks by steaming could be packaged in polyethylene pouches and stored under
refrigeration.

4. Basic studies

Studies were also conducted on the lipid profile and gingerol content of irradiated stored
ginger, proteases of prawn and catfish, role of cathepsins in the hydrolysis of chicken waste,
irradiation of packaging materials and poultry feed, and microbiological quality of local ice creams.

5. Consumer response studies

The sale of snack items, such as Bhajias and Wadas prepared from irradiated potato and
onion at BARC Modular Laboratories Canteen was inaugurated by Shri Anil Kakodkar, Director,
BARC, in September 1997. Good response to buying these items was recorded. Consumer surveys
at various symposia and conventions revealed that irradiated foods when marketed will be
acceptable to the consumer.

6. Petition for clearance of seafood and pulses irradiation

The Food Technology Oivision initiated the process for clearance of seafoods and pulses
irradiation by preparing and submitting of an application along with supporting documents to the
Directorate General of Health Services for clearance of seafoods for extension of shelf-life
under refrigerated conditions, pathogen control in frozen seafoods and disinfestation of dry
fish, pulses and pulse products.

7. Demonstration of a process for pectin isolation

Extraction of pectin from 20 kg lime peel was demonstrated to M/s.Techno India Agro
Extractions Pvt. Ltd. Pectin yield obtained was 426 gms and its grade was found to be > 250. Mass
balance ratio and cost of production was also calculated.

Publications

1. Harikumar.P., Kakati.R. and Goswami.U.C. Vitamin A deficiency and its effect on the
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2. Doke.S.N., Venugopal.V. and Paul Thomas. An innovative method for dehydrated laminates
from Bombay duck. Infofish International 6,1996.

3. Dongre.T.K., Harwalkar.H.R., Nene.S.P. and Padwal-Desai.S.R. Radiosensitivity of
different developmental stages of pulse beetle, Callosobruchus maculatus. J. Food Sci. &
Tech. 34, 413,1997.
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21. Anu Kamat, Raul Warke, Paul Thomas and Kamat.M.Y. Irradiation as a measure to improve
microbtal quality of ice creams. Ibid.

22. Amily Selvan, Alur.M.D. and Paul Thomas. Enhancement of shelf-life and microbial
safety of strawberries by gamma irradiation. Presented at 38th Annual Conference of
Association of Microbiologists of India, Jamia Millia Islamia, New Delhi, December 12-14,
1997.

139



23. Paul Thomas. Irradiation of food (Invited talk). Conference on new technologies in Food
Processing ILSWndia, Goa, 2-3 December 1997.

Degrees Awarded

1. Sweetie R. Kanatt. Lipid peroxidation in meat during storage. M.Sc. (Biochemistry), University
of Mumbai, March 1997.

Training

Ms.Teingi Aung, IAEA trainee from Myanmar was trained in water and waste water
microbiology, radiation microbiology and in isolation and characterization of food-borne
pathogens (September - November, 1997).
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FUEL CHEMISTRY DIVISION

Major Achievements

SOL-GEL PROCESS FOR NUCLEAR FUEL MATERIALS

Work on the commissioning of computer controlled Sol-gel plant for the fabrication of
nuclear fuel materials was continued. For the operation of plant under auto-mode, all the sub
programs were tested for different functions. Pressure based level indicators were installed in
the plant for monitoring more precisely the liquid level in the tanks. Pre-mix tank was
modified to simplify the flow sheet. An automatic feeder assembly for rotary calciner was
designed and fabricated for the continuous operation of calciner.

As a continuation of collaborative programme with RMD, 45 kg of U3Og microspheres
was supplied for further processing and preparation of UO2 pellets for PHWR by SGMP
process.

Work on the setting up the Sol-gel facility for the production of at AAAF Tarapur is
under progress.

Special glove boxes made of stainless steel have been installed and tested for leak
tightness. For both UO2 microspheres assembly to be housed in walk-in fumehoods and
(U,Pu)O, microspheres prepration assembly in special glove boxes, installation work of
process piping as per the lay-out prepared and tendered out earlier was intiated. Cage
structures were designed for the installation of annular type feed tank and ammonia wash tank
in the special glove boxes.

SOL-GEL PROCESS FOR NON-NUCLEAR APPLICATION

Several oxides are known for their application as catalyst base, inorganic ion exchanger
and matrix for nuclear waste fixation. Sol-gel process is being used to prepare some of these
oxides as microspheres. Process parameters are being optimised for the preparation of crack
free ZrO2, TiO2, Cr2O3, lead zirconate(PZT), ammonium phosphomolybdate (AMP) trapped
alumina gel microspheres. X-ray diffraction, thermogravimetric and specific area analyses are
being employed for the characterisation of the microspheres. AMP - trapped alumina gel
spheres were supplied to Isotope Division for the extraction studies.

SOLUTION CHEMISTRY OF ACTINIDES

The extraction of Am3+ in Aqueous Biphasic Systems(ABS) using polyethylene glycol
(PEG-2000)/(NH4)2SO4 (40% w/w of each) was carried out using crown ether (18-C-6) as
extractant. Synergistic extraction studies of Am3+ in HNO3 medium were carried out using
thenoyl tri-fluoroacetone (HTTA) in combination with bi-functional, di-hexyl, di-ethyl,
carbamoyl methyl phosphonate (DHDECMP) as a function of temperature to evaluate
thermodynamic parametres with a view to investigating the nature of bonding of the donor i.e.
DHDECMP. Stoichiometry of the extracted species was evaluated by the slope ratio method.
The results have indicated that DHDECMP acts as bifunctional neutral donor for the species
extracted.
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Synergistic extraction studies were carried with UO2
2+/HPMBP/DHDECMP and

CMPO systems. The order of log Ks values and thermodynamic parameters indicate that the
bifunctional donors act as monodentates only, similar to that observed in PuO2

2+ system.
Tri-valent actinides are generally extracted in pH region with the usual organic

extractants. The present studies were carried out with a view to extract Cm(III) from acidic
medium using partially neutralised acidic organophosphorous extractant. The results show that
even from 1M HNO3, Cm can be extracted almost quantitatively using 60% saponified PC88A
keeping organic to aqueous volume ratio of 2.

Work on the process chemistry of neptunium was undertaken in collaboration with Fuel
Reprocessing Division, BARC with a view to arrive at the parameters for the recovery of
neptunium as a by product during fuel reprocessing at the proposed Kota plant. Data on the
distribution ratios of Np in different oxidation states were obtained as a function of nitric acid
concentration in the range of 1 to 10 M using 30% TBP in n-dodecane as the organic
extractant. Np(V) is poorly extractable while the extraction of Np(IV) and Np(VI) into 30%
TBP is appreciable. Other relevant parameters are being studied.

Pu(IV) sorbed on alumina microspheres from oxalate media was heated at different
temperatures and leaching of Pu from this material showed that the trend of leaching is in the
order of: 7.5 M HNO3 > 3 M HNO3 > 0.35 M HNO3.

A comparative study on the elution behaviour of trace Pu(IV) loaded on alumina
microspheres column using different eluents showed the following trend.

1 M HNO3 + 0.05 M Ce(IV) > > 3 M HNO3 > 1 M HNO3+ 0.1 NH2OH.HC1 > 0.5 M
HNO3 + 0.M NH20H. HC1 > i M HN03

95% of Pu could be eluted in four bed volumes of 1 M HN03 + 0.05 M Ce(IV).
Recovery of plutonium from process streams involves Pu(III) oxalate precipitation from

chloride solutions. The resultant supernatant solution ("1M HC1- 0.2M oxalic acid, 0.05M
ascorbic acid) usually contains appreciable amount of plutonium thereby necessitating its
further recovery. Data were obtained on the distribution ratio(D) of Pu(III) between HC1-
oxalic acid and some ion exchange resins were determined, using Amberlyst-15 (MP), Tulsion-
42 (MP) and Dowex 50x8 (Gel) cation exchangers and Amberltte XE-270, Amberlyst A-26
and Bio-rad AG-lx4 anion exchangers. D values for the resin Amberlyst-15 being the highest
(1200) followed by Tulsion T-42 "900 for Pu(III) in the supernatant solution thereby
suggesting the suitability of these resins for plutonium recovery.

During the recovery of Pu from fluoride matrix, aqueous wastes generated after the
removal of Pu is highly alpha active due to the presence of Am, thereby necessitating further
processing for removal of Am in order to bring down the activity to the disposable limits.
Various co-precipitation methods were attempted using bismuth phosphate, nickel hydroxide,
sodium hydroxide and lanthanum fluoride as co-precipitants. It was found that the activity in
all the supernates obtained was within the disposable limits. Work was carried out to study
the influence of different parameters on the co-precipitation of Pu(IV) and Am(III) with
thorium oxalate from nitric acid - oxalic acid solution. At 3 M HNO3 and 0.2 M [H2C2OJ ,
about 99 % co-precipitation of Pu(IV) and that of Am(III) was achieved indicating feasibility
of removal of Pu and Am from oxalate supernants.

142



In the waste solution containing calcium, when ammonia gas was used for precipitation,
calcium precipitation was prevented and small quantities of iron present precipitated carrying
down Am and Pu. The precipitate was found to have good filterability. Supernatant solution
was found to contain alpha activity well below the disposable limits. A system for continuous
precipitation/filtration has been set up to process waste solutions.

A few litres of solution containing phosphorous from P2O5 and HDEHP treatment was
processed by precipitating Am along with other elements by using ammonia/NaOH. The
precipitate was filtered and collected and the filtrate, containing activity which was under
disposable limit was disposed off.

234Th is used as a tracer in many studies and is produced in natural decay series.
Work has been initiated to separate 234Th from natural uranium in order to use it as a cow for
the preparation of 234Th. (UO2)(NO3)2.6H2O crystals kept on a filter paper placed in a beaker
were shaken with diethyl ether. 5M HC1 was added on the filter paper to recover 234Th
adsorbed on the filter paper. The measurement of activity of 234Th and 235U (present as 0.7%
in 238 U) before and after separation showed that more than 90% 234Th is separated from
uranium. The same uranium nitrate was used to milk 234Th from time to time.

Extraction of Am(III) from different acid media using HDEHP-P2O5 in
dodecane/xylene was carried out for the recovery of Am from the raffinate obtained after
removal of Pu from fluoride slag solutions. The extracted Am from organic was back extracted
with 1 M ammonium carbonate.

ANALYTICAL TECHNIQUES

Relative Sensitivity Coefficients (RSCs) required for quantification of various trace
constituents were determined for Th+, Th+2, Th+3 & ThC+ as internal standards employing
synthetically doped samples of high purity ThO2, using photoplate detection mode by Spark
Source Mass Spectrometry . Concentration values determined in unknown ThO2 for various
trace constituents using different internal standards were found to be in good agreement
among themselves and the precision was ± 30%

The characterisation for the trace constituents present in zircaloy is important because it
is used as a structural material in PHWR reactors. The standard specification limit particularly
in case of uranium in zircaloy is 0.3S ppm. The total amount of U present at trace level in
zircaloy was determined by Isotope Dilution Thermal Ionisation Mass Spectrometry using 233U
spike for 233U/238U atom ratio determination. The concentration of U in zircaloy was calculated
and gave a value of 0.275 ± 0.012 ppm.

In order to determine the 234U/238U atom ratio with high precision and accuracy by
mass spectrometry and alpha spectrometry, a few SRM of U ( SRM-U-200, SRM-U-500 and
SRM-U-930) with certified 234/238 and 235/238 atom ratios were analysed by TIMS using Re
double filament assembly. Further work is in progress to prepare electro deposited sources of
these SRM of U and to determine alpha activity ratio ((234U + 235U)/238U ) for the
determination of 234U/238U by alpha spectrometry.

By measuring the atom ratios ' 'Zr/^Zr and ^Zr/^Zr, it may be possible to assess the
axial flux distribution in the zircaloy coolant channels of the PHWRs. Preliminary
experiments were carried out for the measurement of Zr isotope ratios using TIMS in few
samples from zircaloy coolant channels. Work is planned on samples from different locations
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of the coolant channels.
Experiments were carried out for using single rhenium filament to establish the

precision and accuracy for the isotopic analysis of boron by TIMS, using sodium metaborate
positive ion beam. This was pursued to overcome the future problem of non-availability of
tantalum filaments conventionally used for B analysis. The operating parameters such as the
heating patterns were studied and the results of IOB/"B atom ratio obtained from the isotopic
standard of boron [NIST SRM 951] were in good agreement with the certified value.

Work is being carried out to determine the concentration of U as well as Pu in dissolver
solution of irradiated fuel by simultaneous mass spectrometric analysis of U and Pu by ID-
TIMS technique using 233U and 23*Pu as spike respectively. Spikes were added to the aliquots
of dissolver solution and separated from fission product and bulk of other impurities mixed,
fraction of U-Pu were collected in a separate vials for the measurement of 235U/238Uand
24oPu/239Pu a t o m r a t i o

The half-life of 234U was determined by relative activity method using 239Pu as a
reference nuclide. Electrodeposited sources were prepared from the mixture 239Pu+234U with
varying alpha activity ratio. The alpha activity ratio of( 239Pu+240Pu)/234U was determined by
alpha spectrometry using IPE 100 mm2 area detector. 239Pu and 234U was recovered from the
electrodeposited sources and estimated accurately by ID-TIMS to determine the number of
atoms of 239Pu, 24OPu and 234U. The half-life determined by this approach was found to be
2.48*105 yrs.

Lead present in blood samples were analysed by TIMS for the determination of the
isotopic ratio 206Pb/208Pb, using a known quantity of calibrated spike of 206Pb ( > 89 atom%).
The concentration of lead in three blood samples was found to be 16.91876, 1.54839 and
19.24419 ixg/ml.

Applicability of the biamperometric method developed in our laboratory for uranium
determination was demonstrated at PREFRE, Tarapur for the analysis of uranium in dissolver
solutions. The method was applied to one uranium standard solution, a control solution of
uranium and plutonium and four different dissolver solutions from PHWR with good accuracy
and precision.

The biamperometric titration of sulphate with Pb(ll) which is carried out in presence of
K4Fe(CN)6/K3Fe(CN)6 reversible redox system was modified to detect the end point faster by
addition of excess Pb(U) and back titration of the excess with K4Fe(CN)6. Accuracy and
precision obtained were 0.5% for 2-10 mg of sulphate. The modified procedure has been
applied for the determination of sulphate in Rb2U(SO4)3 after separating U by cation exchange.

233U is produced ( 0.1%) by irradiating natural thorium with neutrons. Any further
processing of irradiated Th after 233U separation demands knowledge of trace amount of U in
Th. Using modified Davies and Gray method and standard addition approach based on addition
of 3-5 mg U in aliquot containing 50 to 100 microgram U and upto 800 mg of thorium, U
could be determined with a precision and accuracy of ±0.5%.

Highly radioactive spent fuel pins from nuclear reactors are stored in a pool of water
for a long time before they are taken for reprocessing. CY ion even at trace level in the pool
water would catalyse corrosion of the cladding. In continuation of the work for the
development of a procedure for the determination of Cl" in spent fuel storage water by ferric
thiocyanate method after the removal of Br and 1", various parameters like optimum acidity for
the separation of Br and I" by extraction, optimum shaking time and number of extractions.
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effect of acidity on absorbance, effect of potassium dichromate and ferrous sulphate etc. were
studied. Cl' was determined in number of synthetic mixtures containing known concentrations
of Cl", Br' and I'. The results agreed within 3% of the expected values.

HPLC separation and determination of l39La from irradiated fuel solution is important
as l39La is being used for the determination of number of fissions and burn-up of uranium
oxide fuels. Preliminary studies were carried out with synthetic mixtures of La, Ce, Nd and
Sm. Two methods were followed. In the first method, lanthanides were complexed with a-
HIBA and elution was done with a mobile phase of 2mM HIBA + 3mM 1-octane sulphonate
at pH 3.6. In the second method, lanthanides were injected into a C-18 column after
complex ing with oxalic acid.

The determination of silicon in the presence of major matrix by chemical and
spectrometric methods is generally tedious and time consuming due to involved procedure.
An X-ray emission spectrometric method has been standardized for the determination of silicon
in concentration range of 1 to 5% in the presence of inorganic matrices such as A17O3 and
AI,O3-U3Og. A second order equation is used to represent the effect of changes in the
percentage of silicon. An accuracy of 2 % in the presence of AI2O3-U3Og was obtained.

An XRF method was developed for the analysis of Y in Y2O3-ZrO2 matrix. A linear
calibration plot was obtained for synthetic standards in the range of 0.2-14.3 % Y2O3 with the
regression coefficient of 0.995. The matrix effect due to ZrO2 was found negligible as its
amount was fixed in these standards. Samples received from Material Processing Division
were analyzed for Y percentage.

U-AI or Pu-AI alloy is generally dissolved in HCl. HCI is corrosive and interferes in
the potentiometric determination of uranium by modified Davies and Gray method.
Alternatively these alloys can be dissolved in HNO3 containing 0.005M Hg(NO3)2 which acts
as a catalyst. The presence of Hg2+ gave positive bias which increased from 0.4% to 4.0%
when the amount of Hg2+ increased from 2.5 microgram to 250 /*g thus necessicitating the
removal of Hg2+ if present prior to the determination of uranium by Davies and Gray method.

U-Mo alloy was dissolved by refluxing the samples with mixture of 1:1 concentrated
H2SO4-HNO3 followed by dilution with 1M HNO3. Analysis of uranium of the solution
obtained by dissolution of U-Mo alloy showed that Mo upto 10 mg does not interfere in the
uranium determination when the acidity of the solution is less than 2M HN£)3 and acid
mixture added soon after the addition of Fe(II).

The cyclic voltametric studies on U(V) in nitric acid indicate that the U(V)
disproportionated minimum in the lower acid concentrations (0.001, 0.01 M) and maximum in
2 M acid concentration.

A ratio derivative spectrophotometric method was developed for the simultaneous
determination of (Th,Pu) in 5 M HNO3 medium at trace levels. Both Th(IV) and Pu(IV) form
strong coloured complexes with Arsenazo III in HNO3 medium. Due to close proximity of
their absorption spectra, ordinary absorption spectrophotometry could not be used to determine
one in the presence of the other. A number of synthetic aliquots of (Th,Pu) solution with (Th
concn.:' 1- 3 /xg/ml, Pu concn.: 0.5 - 1 /xg/ml) were analysed by this method. A precision
and accuracy of about 1 % and 3% for thorium and plutonium respectively were obtained.

The voltammetric studies of Pd(II) in different acidic media were carried out with the
aim of evaluating suitable conditions for the determination of Pd at fig level and for its
recovery. Well defined anodic peak in HCI, unlike in H2SO4 indicate Pd(0) on the electrode

145



surface is not oxidised to PdOH/PdO species due to stronger complex formation ability of Cl"
with Pd(ll), thus suggesting anodic peak in HC1 can be used for the determination of Pd at ng
level.

SOLID STATE CHEMISTRY

X-ray, thermal and thermodynamic studies were carried on the compounds formed by
the interaction of fuel-fission product-coolant.

M2Te06 (M = Fe and Cr) and NiTe2Os were prepared by the solid state reactions of
their respective oxides. The structure of the compounds was solved and refined by Rietveld
method using powder data. Both Fe or Cr and Te are surrounded by six oxygen atoms in
octahedron coordination. Vapour pressures of TeO2(g) over these compounds were measured
by Knudsen Effusion Mass Loss technique to derive thermodynamic parameters.

The enthalpy increment measurements on LiUO3(s), Li2UO4(s), Li2U2O7(s), RbUO3(s)
Rb2U2O7(s), Sr3U1|O36(s), Ba2U3O,,(s), orthoferrite LaFeO3(s) and ZrC(s) were carried out
using a high temperature Calvet Calorimeter. The enthalpy increment values were least squares
fitted with temperature with the constraint that H°(T)- H°(298.15 K) at 298.15 K equals zero
to derive the thermal properties of the compounds.

In the Li-U-Mo-0 system, three new compounds with general formula
Li2(UO2)x(MoO4)x+, where x = 1,2 and 3 were prepared by solid state reactions route at
600°C. XRD data on Li2UO2(MoO4)2 could be indexed on monoclinic system with cell
parameters, a = 10.54 A°, b = 4.28 A°, c = 16.55 A° and 8 = 116.41°. TG and DTA
methods were used to study their thermal behaviour.

Studies have been carried on Zirconia based Ceramics for waste immobilisation of
fission products.

Ls^Zr2O7 having pyrochlore structure has been suggested as a host matrix for the
fixation of lanthanides and actinides. Cerium is analogous to plutonium in its chemical and
crystallochemical behaviour suggesting the use of cerium as a surrogate for plutonium. [La,
xCeJ,Zr207], type of compounds showed complete solid solubility in the range x = 0 to 1. X-
ray and thermogravimetric studies confirmed the formation of pure phase with cerium in +3
state. $

Dissolution studies of powdered samples (particle size approx 105 micron size) of Sr
containing compounds in perovskite and magnetoplumbite type phases:
Ba09SSr00JCe01Zr09O3, Ca^Sr^ZrOj and Ca08Sr0.2Al12O |9 in 0.1 M Hcl at room
temperature for seven days showed that the leach rates of strontium were comparatively higher
(around 13%) in Ba095Sr00JCe01Zr09O3. The other two compounds gave comparatively low
leach rates of less than 2 %.

Leaching study of Ce, Nd and Zr in calcia stabilized zirconia matrix was carried out
using 150 fim particles in quartz distilled water and 0.1 M HC1 at room temperature for a
period of seven days. The amounts of Ce, Nd and Zr in leached solution were found to be
below detectable limits as analysed by ICP atomic emission spectroscopy, while in 0.1M HC1,
the amounts leached were found to be less than 0.1 %.

Decomposition kinetics of M2(C2O4)3 (M = Pu, Ce and Nd) was studied in air using
thermogravimetry. The sequence of relative stabilities of these oxalate was found to be in the
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order : Nd>>Ce>Pu. The kinetics of decomposition was observed to be of first order
following the relation g(a) = - ln(l-a) indicating nucleation is the rate controlling step.

SERVICES

A consignment of 1.8 Kg of Dysprosium oxide was received from NFC for its
conversion to metal. The oxide was initially converted to trifluoride. The reaction was carried
out at 600°C, and the conversion to fluoride was found to be more than 99.5% with 40% HF
utilization.

A number of techniques such as Electrometry, Mass Spectrometry for isotopic
abundance measurements, X-ray fluorescence for element determination, X-ray diffraction 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 1100 analytical determinations corresponding to 375 samples
have been carried out during this year.
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to Mass Spectrometry, (S.K.Aggarwal and H.C.Jain, Eds.) ISMAS, 1997.
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Determination of Half-life of 234U by Specific Activity Method
S.K.Aggarwal, P.M.Shah, A.V.Kadam, A.V.Jadhav and H.C.Jain
Proc. Nuclear and Radiochemistry Symposium, NUCAR-97,SINP, Calcutta, 1997,
p. 123.

Studies on the Extraction of Pu(IH) by TBP Saturated with Uranium(VI)
V.Sagar and K.V.Chetty, ibid., p.206.

Recovery of Plutonium from Phospate Bearing Waste Solutions using Acidic Organo
Phosporous Extractants
P.M.Mapara, K.V.Chetty, S.M.Pawar R.Swarap and C.K.Sivaramkrishnsn, ibid.,
p.210.

Solid State Reaction of Uranium, Neodymium and Sodium in Zirconia - based
Ceramics
N.K.Kulkarni, S.Sampath and V.Venugopal, ibid., p.214.

Solid State Studies on Calcium - Uranium - Oxygen System : Identification of New
Uranate
S.K.Sali, S.Sampath and V.Venugopal, ibid., p.216

X-ray and Thermal Studies on SrUTe2Og

S.K.Sali, K.Krishnan, S.Sampath, K.D.Singh Mudherand V.Venugopal, ibid., p.218.

Vapour Pressure Measurements of TeO2 over UTeO5

K.Krishnan, G.A.Rama Rao, K.D.Singh Mudherand V.Venugopal, ibid., p.220.

Evaluation of Inert Gas Fusion- Thermal Conductivity (IGF-TD) Method for Hydrogen
and Deuterium in Zircaloy Tubes
Y.S.Sayi, K.L.Ramakumar, R.Prasad, C.S.Yadav, P.S.Sankran, G.C.Chapru,
V.Venugopal, S.K.Aggarwal, H.C.Jain and D.D.Sood, ibid., p.222.

X-ray and Thermal Studies on Tl-Th-Mo-O System
N.D.Dahale, K.L.Chawla and V.Venugopal,ibid., p.224.

Study of the Distribution of Pu(VI) from Nitric Acid to TBP Saturated with
Uranium(VI).
Ashok Kumar, A.C.Deb, S.K.Mukerjee and V.N.Vaidya, ibid.,p.226.

Heat of Extraction of Aqueous Uranyl Nitrate by TBP
Ashok Kumar, N.K.Shukla, R.Prasad and V.Venugopal, ibid.,p.228.

Studies on Sorption of Pu(lV) on Alumina Micro Spheres
R.D.Bhanushalli, I.C.Pius, K.T.Pillai, S.K.Mukerjee and V.N.Vaidya, ibid., p.230.
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Simultaneous Estimation of Uranium and Nitrate by pH Titration with Ammonium
Hydroxide
H.R.Mhatre, R.V.Kamat, R.M.Sawant, N.K.Chaudhuri and V.N.Vaidya, ibid., p.232.

Equilibrium Constant for Aqueous Mono Fluro Complex of Am(III) by Solvent
Extraction and Ion Exchange
H.R.Mhatre, R.M.Sawant, N.K.Chaudhuri and V.N.Vaidya, ibid., p.234.

Recovery of Uranium-233 from Fluoride Matrix by Solid State Reaction Route
K.D.Singh Mudher, K.Krishnan and V.Venugopal, ibid., p.236.

Synergistic Extraction of Hexavalent Plutonium by HTTA and HPMBP Using Mono-
and Bi-Functional Neutral Donors: A Comparative Study
K.V.Lohithakshan, P.D.Mithapara, S.A.Pai and S.K.Aggarwal, ibid.,p. 240.

Extraction of Plutonium(VI) in Polythylene Glycol(PEG) Based Aqueous Biphasic
System (ABS) Using 18-C-6
S.A.Pai, K.V.Lohithakshan, P.D.Mithapara and S.K.Aggarwal, ibid., p. 242.

Extraction Behaviour of Pu(VI) with Polyethylene Glycol (PEG-2000) and Various
Chromogenic Reagents
K.V.Lohithakshan, P.D.Mithapara, S.A.Pai and S.K.Aggarwal, ibid., p. 246.

Recovery of Amercium from Leach ings of Plutonium Powders from Neoprene Gloves
K.V.Chetty, P.M.Mapara, R.Swarup and C.K.Sivaramakfisna, ibid., p.251.

Analysis of Shipper-Receiver(S/R) Data on Nuclear Materials-Test of Significance of
the Mean S/R Difference
M.B.Yadav, Hari Singh and S.Vaidyanathan, ibid., p.347.

Evaluation of Americium Interference in the Determination of Pu by Potentiometry
using AgO as an Oxidant
Keshav Chander, N.B.Khedekar, J.V.Kamat, B.N.Patil, S.K.Aggarwal and H.CJain,
ibid., p.349.

Derivative Quotient Spectrophotometry for the Simultaneous Determination of Uranium
and Plutonium in ppm Levels using Arsenazo III".
A.N.Dubey, G.R.Relanand S.Vaidyanathan, ibid., p.345.

A Novel Method for Complete Dissolution of CaF2 Slags
A.U.Bhanu, K.N.Roy and S.Vaidyanathan, ibid., p.204.

Correlation for Alpha Specific Activity and Isotopic Composition of Plutonium from
PHWR reactors using alpha Spectrometry and Thermal lonisation Mass Spectrometry
S.K.Aggarwal, D.AIamelu, P.M.Shah and H.C.Jain, ibid., p. 408.
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Recovery of Plutonium from Nitric Acid-Oxalic Acid Supernatant Solutions by Solvent
Extraction Method using Aliquat-336
D.M.Noronha, D.G.Phal, M.M.Charyulu, V.V.Ramakrishna and
C.K.Siivaramakrisna, ibid., p.208.

Alpha Liquid Scintillation Counting Technique for the Simultaneous Determination of
Pu and Am in a Single Aliquot
23rd 1ARP conference, GND Univ. Feb. 19-21, 1997.

A Comparison of Pu(IV) and Pu(VI) Extraction Behaviour: Aqueous Biphasic System
(ABS) Using PEG, Ammonium Sulphate and 18-C-6
P.D.Mithapara, K.V.Lohithakshan, S.A.Pai and S.K.Aggarwal
International Conf. on Chemical and Biological Thermodynamics, Guru Nanak Dev
Univ., Amritsar, 1997, paper No. 11B,

Thermal lonisation Mass Spectrometry
S.K.Aggarwal and H.C.Jain.
Introduction to Mass Spectrometry, (S.K.Aggarwal and H.C.Jain - eds., ISMAS) Chap
11, pp 233-250

Spark Source Mass Spectrometry and Glow Discharge Mass Spectrometry
S.K.Aggarwal and H.C.Jain, ibid., Chap 12, pp 251-270.

Resonance lonisation Mass Spectrometry,
D.Alamelu and S.K.Aggarwal,ibid. Chap. 15, pp 325 -348.

Thermal Ionisation Mass Spectrometry for Precise and Accurate Determination of Half-
life of U-234.
P.M.Shah and S.K.Aggarwal, ISMAS Bulletin and Souvenir,
8th ISMAS Workshop on Mass Spectrometry, Aug., 1997, BARC, Mumbai

Spark Source Mass Spectrometry (SSMS) for Trace Constituents Determination in
Thoria.
V.L.Santand S.K.Aggarwal, ibid.

A New Method for the Isotopic Analysis of Boron using Positive Molecular ion
Sodium Borate Najbo*.
S.A.Chitambar, P.S.Khodade, A.R.Parab, Radhika Rao.
Symp. on Recent Trends in Instrumental Analysis, Univ. of Roorkee. Sept. 18-
20,1997.
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Alpha Liquid Scintillation Counting Technique for the Simultaneous Determination of
Pu and 24lAm in a Single Aliquot
N.N.Mirashi, N.Gopinath, Keshav Chander, S.K.Aggarwal and H.C.Jain, Radiation
Protection and Environment, vol.20, No.2, 1997, 71-74.

Thermal Properties of Cerium Tellurates,
Aparna Banerjee, K. Krishnan and V. Venugopal
16 th National Conference of Indian Council of Chemists, Mangalore, 1997.

Effect of Mo on the Potentiometric Determination of Uranium by Modified Davies &
Gray Method
N.B. Khedekar, J.V.Kamat, Keshav Chander and S.K.Aggarwal
ibid. Abstract No. AO-38.

Potentiometric Determination of Microgram Amounts of Uranium in Bulk of Thorium
N.N.Mirashi, N. Gopinath, Keshav Chander, S.K.Aggarwal and H.C.Jain, ibid
Abstract No. AP-9

Determination of Decontamination Factor of Am during Precipitation of Plutonium as
Pu(IlI)-Oxalate
N.N.Mirashi, B.N.Patil, N.Gopinath, K.A.Mathew, Keshav Chander, S.K.Aggarwal
and H.CJain, ibid Abstract No. AO-42

A Novel Method for Quantitative Dissolution of U-Mo Alloy
B.N.Patil, K.A.Mathew, N.Gopinath, Keshav Chander, S.K.Aggarwal and H.C.Jain,
ibid Abstract No. AO-29

Thermal Properties of Strontium Uranates
Smruti Dash, Z. Singh, R. Prasad and V. Venugopal, ibid.

Gibb's Energy Measurements using Electrochemical Method
Ziley Singh, K. Krishnan, Smruti Dash, R. Prasad and V. Venugopal, ibid.

Development of Software Packages "ANOVA" and "BLINDS" and their Applications
in Assigning a value to Uranium Content in Rb2U(SO4)3 - a Chemical Standard
Reference Material
M.B.Yadav, Hari Singh, and S.Vaidyanathan, ibid.

Some Studies with Macroporous Bifunctional Phospiric Acid Resin.
K.V.Chetty, A.G.Godbole, R.Swarup and C.K.Sivramkrishnan, ibid. IP-3, p83.
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Studies on the Extraction Behaviour of Am(lII) from Different Media Using a Mixture
of Di-2-Ethyl Phosphoric Acid (HDEHP) and Phosphrous Pentaoxide (P2O5) in
Dodecane
M.M.Charyulu, D.G.Phal, D.M.Noronha V.V.Ramakrishna and
C.K.Sivaramakrishna. ibid IP-4 p.83.

A Novel Method for Sequential Isotopic Analysis of
Rubidium and Uranium by Thermal lonisation Mass Spectrometry
A.R.Parab, P.S.Khodade and S.A.Chitambar, ibid.

Effect of B/Na Ratio on the Precision and Accuracy of IOB/"B Ratio during Analysis of
NajBO/ Ions by TIMS
P.S.Khodade, A.R.Parab, Radhika Rao and S.A.Chitambar, ibid.

Disproportionation of Uranium (V) in Nitric Acid Medium using Cyclic Voltammetry
at HMDE
L.R.Sawant and S.Vaidyanathan, ibid.

Solid State Reactions of UO2, ThO2 and (U,Pu)O2 wit Sodium Nitrate
K.D.Singh Mudher, Meera Keskar and V.Venugopal, ibid.

Separation of Br' and V from Cl" and Determination of CV in Spent Fuel Storage Pool
Wfcter by Thiocyanate Method
R.K.Rastogi, M.A.Mahajan, N.K.Chaudhuri and V.N.Vaidya, ibid.

Studies on Distribution Ratio of Pu(III) between HC1- Oxalic Acid and Ion Exchange
Resins
S.K.Sali, D.G.Phal, R.M.Sawant, R.K.Rastogi and V.N.Vaidya, ibid.

A Derivative Spectrophotometric Method for On-line Measurement of U Concentration
in Fuel Processing Streams
G.R.Relan. A.N.Dubey and S.Vaidyanathan
34th Annual Convention of Chemists, Delhi, 1997.

Determination of Silicon in AI2O3 and Al2O3-U3Og Matrix by X-ray Spectrometry
N.L.Misra, K.Krishnan, K.D.Singh Mudher and V.Venugopal, ibid.

Effect of H2SO4 Concentration on the Reduction of Palladium Species Electrodeposited
on Glassy Carbon Electrode
H.S.Sharma, ibid., Abstract No. AO-39

X-ray and Thermal Characterisation of L»2UO2(MoO4)2

N.D.Dahale, K.L.Chawla and V.Venugopal
Presented in ANACON - 97, Indian Analytical Instruments Association, Mumbai,
Dec. 1997
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Preparation of Controlled Porosity Alumina Monoliths by Sol- gel Method
K.T.Pillai, R.V.Kamat and V.N.Vaidya
Indian Ceramic Society Symposium, Ahmedabad, Dec. 1997.

Evaluation of an Autotitrator for the Potentiometric Determination of Uranium:
Preliminary Results
P.R.Nair, Mary Xavier, Keshav Chander and S.K.Aggarwal
Third National Conference On Electrochemicals, December 1997, BARC, Mumbai.

Ph.D Thesis: (Submitted in 1997)

Solution Chemistry of Actinides
U.M.Kasar - University of Mumbai in Sept 1997.

Studies on Purification and Recyclying of Plutonium
D.R.Ghadse - University of Mumbai in Sept 1997.

Thermochemical Studies for Nucler Technology
S.K.Sali - University of Mumbai in Feb 1997.
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FUEL REPROCESSING DIVISION

Major Achievements

PLANT OPERATION & MAINTENANCE

Plutonium Plant at Trombay is under planned shut down condition
for carrying out modifications and replacement of failed
equipment in process cells.

Internal decontamination of equipment in process cells 3 •and 5
was carried out using nitric acid, sodium hydroxide and sodium
carbonate of varying strengths. General background radiation
level in cells was considerably brought down. Afterwards external
decontamination of process cells was carried out to remove loose
contamination.

Installation of new equipment for the uranium purification cycle
inside cell 2 was started. Necessary supports, rails and grills
on the stages were installed. A Thermosyphon Evaporator (heat
exchanger and vapour chamber), feed tank, concentrate tank, air-
lift pots, etc. were lowered inside the cell and were positioned.
The spool drawings for the pipings were also released for
fabrication and the work is in progress.

Action for the fabrication and installation of the SS 304 L duct
has been initiated for Dissolver Off Gas system.

The status report for the plant ventilation system was prepared,
deficiencies were identified and the detailed engineering is
being worked out for carrying out the necessary modifications
and augmentations.

The "Oyster Creek Experience" of curtailing personnel exposure to
radiation was successfully applied earlier and is currently
followed for in-cell installation tasks by effective
decontamination of internals of the cell. By this way, the
deployment of 15 persons at a time with Comfo for a duration of
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2 hours was possible as against 3 persons in plastic suit for a
much shorter duration. Stress has been given to preventive
maintenance of equipments. IAEC boiler is under preparations for
bare inspection.

INSTRUMENTATION

A prototype digital circuit to indicate and remotely control 16
Nos. of ALPs and 50 Nos. of process alarm annunciators have been
assembled. 3 Nos. of beta-gamma end-window counting systems of
type GCS 101 have been commissioned. All U-tube manometers used
for measurements of suction rates of Filter house fans have been
replaced with magnehelic gauges. In Boiler House, a timer control
unit for automatic CO2 sampling and filter cleaning by blowing
air has been provided with interlock. Recycled Product Tank (RPT)
level and density indications were provided at Control Room. A
Masibus make temperature scanner was installed to provide
indications of process temperature parameters at Control Room. An
RV instrument panel and overhead water tank level auto control
system have also been installed.

ELECTRICAL

Apart from routine maintenance. preventive maintenance for
various electrical equipments/installations were carried out. A
miniature circuit breaker distribution board complete with earth
leakage circuit breaker was commissioned in ground floor of main
Process Building. As part of indigenization, under water lighting
in Fuel Pond has been replaced with 120 V, 200 W sealed beams
and action on replacement of imported off gas motors has been
initiated. In line with SARCOP recommendations, flame proof
lighting and exhaust fans have been installed at uranous
production area and battery bank room. The existing Class I
battery bank, damaged due to aging, is being replaced with
a 110 V, 300 AH battery bank. Preparation of Budget Estimates
under capital for the upgradation of electrical systems of the
division has also been completed.
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WORKSHOP

The Divisional Workshop continued to cater to the fabricational
and maintenance needs of Trombay Plutonium Plant. Services were
also rendered to Projects KARP and FUS. Fabrication work for
PESDD was also undertaken.

RESEARCH & DEVELOPMENT

Reprocessing and recycle of uranium and plutonium together
without their individual separation is considered to be one of
the few proliferation resistant approaches for closing the
nuclear fuel cycle. Considerable R & D efforts are, therefore, in
progress to assess the feasibilities to co-process uranium and
plutonium from spent uranium in Purex process for the recovery of
uranium and plutonium together from fission products for their
co-conversion to oxide and recycle for MOX fuel fabrication.

In order to facilitate bulk processing, a remotely controlled
oxalate precipitation column has been developed for plutonium and
thorium precipitation and tested successfully at FRD/PP. This
will also be incorporated in Kalpakkam Reprocessing Plant (KARP)
and in the Facility for U233 Separation (FUS), going for
commissioning shortly at Trombay Reprocessing Complex.

Procedures have been standardized for the separation of americium
from plutonium based on ion exchange and extraction
chromatography followed by oxalate precipitation and ignition to
yield americium oxide with near total recovery. Americium in gram
quantities has been purified employing these techniques.

Methods have been developed for the estimation of trace level
uranium in Thorex and Purex stream samples, after separation of
thorium and plutonium matrix in the samples by oxalate
precipitation, by Inductively Coupled Plasma-Atomic Emission
Spectrometry. The Laser Fluorimeter being fabricated at CAT for
the divisional laboratory has been tested for U estimation at ppb
level in presence of Th and found to be promising.

Safe storage and disposal of High Level Waste (HLW) originating
from spent uranium reprocessing is of great environmental
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concern. Processes based on solvent extraction. extraction
chromatography. biosorption and membrane extraction techniques
have been developed for separation of individual actinides and
fission products from HLW. Pml47, Sr90 and Y90 are some of the
fission products isolated from Purex HLW.

SAFETY

Safety occupied the foremost position during the operation and
maintenance of Plutonium Plant. ; No over exposure of plant
personnel to radiation hazard has been reported during the year.
Emergency alarm tests were carried out on weekly basis. Emergency
drills of evacuation type were conducted periodically to assess
the emergency preparedness of the plant personnel and' their
responses were satisfactory.

PROJECT FUS

A Facility for Uranium Separation is coming up at Trombay
Reprocessing Complex. Erection jobs in cells and plant areas are
in progress. Face wall connections in Operating Gallery and
piping jobs in Make Up Area have been completed. In-cell piping
work is nearing completion. Erection jobs at various plant areas
are going on simultaneously. The Project is expected to be
completed and ready for Cold Commissioning in late 1998.

A bridge linking main building with FUS building is under
construction and is expected to be completed by March, 1998.

MANPOWER DEVELOPMENT

In continuation of the policy of having well trained manpower,
comprehensive and extensive theoretical lecture training
programmes were conducted for a batch of 13 Category-I and 22
category-II stipendiary trainees. After completion of theoretical
lecture training, these trainees are undergoing inplant training
at PP, Trombay. The performance ol these trainees during training
programme is being evaluated and monitored.

To qualify personnel for carrying out special assignments in the
plant, during the year 1997, a total of 90 Operation and
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Maintenance staff were qualified/requalified under Qualification
Incentive Scheme.

PUBLICATIONS

International Publications

1. Recovery of Neptunium from High Level Waste using TBP
Separation Science and Technology (1997)

2. Determination of Trace Impurities in Uranium. Thorium and
Plutonium Matrices by Solvent Extraction and Inductively
Coupled Plasma Atomic Emission Spectrometry.
Talanta 44 (1997) 169-176

3. In-situ electro-oxidation and liquid-liquid extraction of
cerium(IV) from nitric acid medium using tributyl-
phosphate and 2-ethylhexyl hydrogen 2-ethylhexyl
phosphonate.
J. of Radioanal. and Nucl. Chem.. Vol. 222, Nos. 1-2, 141-
147(1997)

4. Recovery of Plutonium and Americium from Laboratory Acidic
Waste Solutions using Tri-n-octylamine and Octylphenyl-N-
N-diisobutylcarbamoylmethylphosphine oxide.
Talanta 44 (1997) 2095-2102

5.. Water sorption isotherms and ionic hydration of uranium
and thorium forms of Dowex 50W resins.
Solvent Extraction and Ion Exchange, 15(14), 631-646
(1997)

6. A thermodynamic selectivity scale for Ce3*AT and Am3VH*
systems on Dowex 50W resins from nitric acid medium.
Journal of Radio'anal. & Nucl. Chem., 224, Nos. 1-2 (1997)

7. Prediction of pitting corrosion tendency of materials
during extended storage of spent nuclear fuels.
Int. Conf. on Corrosion, CORCON *97, Nehru Centre, Worli,
Mumbai-400 018, Organized by NACE International,
India Section, Dec. 3-6, 1997.
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Nat ional Publi rat i ons;

1. Application of biomass for the sorption of radionuclides
from low level Purex aqueous wastes.
BARC/1997/E/013

2. Study of the Formation of Alumina Stabilized Palladium
Metal Particles in Aqueous Medium
PP-32, Proc. Nat. Symp. on Radiation and Photochemistry,
organized by ISRAPS & Department of Physical and Nuclear
Chemistry, Andhra University, Visakhapatnam, Jan. 8-10,
1997.

3. Study of the Column Chromatographic Fractionation of
Radiolytic Degradation Products of 30% TBP-n-Dodecane-HNO3
PP-33, Proc, Nat. Symp. on Radiation and Photochemistry,
organised by ISRAPS & Department of Physical and Nuclear
Chemistry, Andhra University, Visakhapatnam, Jan, 8-10,
1997.

4. EPR Investigations of Paramagnetic Radical Ions of
Palladium Perchlorate Solutions Gamma Irradiated at 77K.
PP-34. Proc. Nat. Symp. on Radiation and Photochemistry,
organized by ISRAPS & Department of Physical and Nuclear
Chemistry, Andhra University, Visakhapatnam, Jan. 8-10,
1997.

5. Thermodynamic Selectivity Scale for Eu3+/H+ System on
Dowex 50W Resins from Nitric Acid Medium
CA-10, pp. 146, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

6. Electro-Oxidation and Extraction of Ce(IV) using Tributyl-
Phosphate and 2-ethylhexyl Hydrogen 2-ethylhexyl
Phosphonate from Nitric Acid Medium
CA-11, pp. 148. Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.
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7 Solvent Extraction of Trivalent Actinides and Lanthanides
from Various Aqueous Media using KSM-17
CA-12. pp. 150, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

8. Solvent Extraction Studies on the Behaviour of Trivalent
Actinides and Lanthanides from Nitrate Media by Cyanex-272
CA-13, pp. 152, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

9. Supported Liquid Membrane Studies for Plutonium Recovery
from Perchloric Acid Solutions
CA-14, pp. 154, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

10. Synergistic Extraction of Am3+, Eu3+ and Ce3+ Ions by
Mixtures of raws and KSM-17 in Dodecane from Thiocyanate,
Perchlorate and Nitrate Media
CA-15, pp. 156, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

11. Utilization of Silica-gel as an Inorganic Support for the
uptake of Plutonium by Extraction-chromatographic
Technique using TBP, KSM-17 and CMPO
CA-16, pp. 158, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

12. Physico-chemical Studies on the Extraction of Strontium
by DC18C6 in TBP-Dodecane-Octanol Diluent
CFA-8, pp. 302, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

13. Recovery of Plutonium from Oxalate Supernatant by Co-
precipitation Technique
CA-17, pp. 160, Proc. Nuclear and Radiochemistry Symposium
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(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

14. Extraction Chromatographic Recovery of Plutonium and
Americium from Laboratory Acidic Waste Solutions
CA-65, pp. 257. Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

15. Standardization Studies of the Remote Controlled
Plutonium Qxalate Precipitation Set-up
NI-3, pp. 398, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

16. Separation Cum Purification of Americium from the
Mixture Containing Plutonium and Uranium
CA-18, pp. 162. Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

17. Determination of Efficiency of Gross Neutron Counting
System with 241AmO2 Standard
NI-4, pp. 400, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.

18. Transport of U(VI) Across Tris(2- ethylhexyl)phosphate-
Dodecane Supported Liquid Membranes
CA-19, pp. 164, Proc. Nuclear and Radiochemistry
Symposium (NUCAR 97), Saha Institute of Nuclear Physics,
Calcutta, Jan. 21-24, 1997.

19. Tris(2-ethylhexyl) Phosphate: A New Extractant for U(VI)
and Pu(IV) from Aqueous Nitric Acid Solutions
CA-35, pp. 196. Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97), Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24, 1997.
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20. Gamma Spectrometric On-line Plutonium Concentration
Monitoring System for Ion Exchange Column Operations
NI-5, pp. 402, Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97). Saha Institute of Nuclear Physics, Calcutta.
Jan. 21-24, 1997.

21. Electrochemical Studies of U4+ Reduction at HMDE.
pp. 196. Proc. Nuclear and Radiochemistry Symposium
(NUCAR 97). Saha Institute of Nuclear Physics, Calcutta,
Jan. 21-24. 1997.

22. An ICP-AES Method for the Direct Estimation of Microgram
Amount of 233U in Thorium Matrix.
Proc. Xllth ISAS National Symp. on Analytical Techniques
for Safety & Sufficiency of Natural Resources/Products
(INSAT-97), Paper No. A-7, Mahatma Gandhi University,
Kottayam, February 20-22, 1997.

23. Novel Trialkyl Phosphates as Carriers for the Transport of
U(VI) and Pu(IV) Across Supported Liquid Membranes
Indian membrane Society, TS 1.11, XV National Conf. on
Recent Trends in Membrane Science & Technology, Central
Glass and Ceramic Research Institute, Calcutta, Nov.
22-24, 1997.

24. Transport of Ce(IV) Across Bulk Liquid Membrane
containing Tributylphosphate as an Ionophore.
Indian membrane Society, TS 1.12, XV National Conf. on
Recent Trends in Membrane Science & Technology, Central
Glass and Ceramic Research Institute, Calcutta, Nov.
22-24, 1997.

25. Separation of "Y using Supported Liquid Membrane and
Extraction Chromatographic Technique.
Indian membrane Society, TS 1.13, XV National Conf. on
Recent Trends in Membrane Science & Technology, Central
Glass and Ceramic Research Institute, Calcutta, Nov.
22-24, 1997.
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26. Prediction of pitting corrosion tendency of materials
during extended storage of spent nuclear fuels
Int. Conf. on Corrosion, CORCON '97, Nehru Centre, Worli,
Mumbai-400 018, Organized by NACE International, India
Section, Dec. 3-6. 1997.

27. Separation of uranium and plutonium from oxalate
supernatant- Extraction of uranium by TBP and plutonium by
CMPO.
IP-31, pp. 95, 16th Conference of Indian Council of
Chemists, Mangalore University, Dec. 29-31, 1997.

28. Electrochemical studies of U4* reduction in sulpha
salicylic acid (SSA) complexing medium at ranging
mercury drop electrode (HNDE)
AP-6, pp 189, 16th Conference of Indian Council of
Chemists, Mangalore University, Dec. 29-31, 1997.
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HEALTH PHYSICS DIVISION

Major Achievements

(1) Environmental Studies at Kaiga Site

Studies related to the site specific meteorological

characteristics of the complex terrain at Kaiga APP site using

tower-based, surface-based instruments with SODAR system at the

present location, were completed. Windroses and joint frequency-

distribution of wind speeds and wind directions for various

levels of SODAR observations and tower based observations were

compared. Diurnal variation of wind pattern, wind speeds and

distribution of calm conditions were compiled. Diurnal and

seasonal variations of atmospheric stability and mixing height

were also studied. Some of the flow patterns present in the Kaiga

valley terrain are identified. This will be very helpful in the

understanding of the dispersion characteristics of the site.

Permanent locations for the SODAR system and the representative

meteorological tower have also been identified for Kaiga APP site

based on these studies.

The Environmental Radiological Laboratory, located at Kaiga

continued to carry out collection and analysis of samples from

different environmental matrices towards estimating the

radioactivity content. The data, thus collected, will be serving

as the preoperational baseline data for the Kaiga site.

(2) Radiological Safety Functions at NPPs

The Health Physics units located at Nuclear Power Plants

continued to radiological safety functions for implementing

radiological protection programme both during normal operations

and during special maintenance jobs. One of the major activities
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that was carried out during this period was the en-masse coolant

channel replacement job in unit #2, RAPS. This assumed

significance in view of the high intensity, non-uniform

radiation fields encountered during some of the special jobs. The

objective, during work execution, was to keep the personal

exposure to a minimum practicable level. Meticulous planning,

regular feedback and continuous development of appropriate tools

and techniques resulted in effective exposure control and

enhanced work efficiency. Procedures and techniques were

developed indigenously for various steps involved in the coolant

channel assembly cutting and removal to ensure smooth operations

and safety of the working personnel. Mock-up facilities and

training were arranged for each and every major operation.

Workers were qualified and made aware of radiological safety

aspect through Radiation Protection Training programme. Man-rem

budgeting was reviewed at every stage. The on-line dose data

management software developed at RAPS was very effective in

day-to-day exposure control of large number of persons employed

during the work. The cutting and removal of end-fittings and

coolant channels were completed before the set time schedule, at

a lower than budgeted man-rem consumption.

(3) AULRA Awareness Programmes at TAPS

The year 1997 was declared as ALARA year at TAPS, Tarapur.

During the year a number of special ALARA awareness programmes,

workshops and exercises to review radiation work practices were

carried out at TAPS. The objective was to involve workers and

supervisors in all these programmes during the ALARA year in

order to inculcate the ALARA culture at all levels. There was an

all round participation in the ALARA workshops with a number of

useful suggestions for introducing improved techniques and

methods for exposure control. HPU, TAPS actively participated in
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all these programmes and also in the review of the work practices

and the trends in the radiological status of the plant. A

brochure on Radiological Protection, incorporating the latest

AERB recommendations and guidelines, was prepared by HPU, MAPS

and was presented in the ALARA workshop.

(4) Training Programmes

The sixth batch of the Health Physics Stipendiary Training

course consisting of twenty one science graduates is being

conducted, by Health Physics Division, at the HP Laboratory,

Tarapur since June 1997. Two training workshops on Planning,

Preparedness and Response to Radiological Emergencies were

conducted at Tarapur and at Mumbai for paramedical staff and for

medical officers respectively. Forty persons from the medical

field participated in these workshops.

{5} Studies on Qeochemical Basis for Wilt Disease of Coconut

Plant

Studies have been carried out, in association with Kerala

Agricultural University, on the role of rare earth elements Ce,

La and Th in "Wilt Disease" of coconut plants grown in Kerala

state. Considerable revenue loss has been reported due to this

disease. The analytical methods using both instrumental and

radiochemical neutron activation analysis (INAA and RNAA) were

developed and standardised for determining the concentration of

Ce, La and Th in the coconut leaf samples. Samples of coconut

leaves were analysed from (i) healthy coconut plants growing in

non-diseased area, ( i i ) healthy plants growing in disease

affected area and <iii> diseased plants. The results of the

analyses indicated that whereas there was no difference in the

concentrations of Th in the three groups of plants , the

concentrations of Ce, however, in the leaves of healthy and
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diseased plants growing in disease affected areas were marginally

lower. The concentration of La in both the diseased and healthy

plants growing in disease affected area were significantly lower

than in plants growing in non-diseased area indicating the

inability of the root system in this case to absorb nutrients and

trace elements from the soil. Further investigations in this

direction are in progress.

(6) Estimation of Daily Intake and Organ Content of Ca, Cs, I, K,

Sr, Th and U in Indian Population - Application to the Study of

Their Biokinetics

This work forms a part of an IAEA Coordinated Research

Programme on the "The Ingestion and Organ Content of Trace

Elements of Importance in Radiation Protection - Reference Asian

Man Phase II". The main objective of the work is to obtain the

population specific biokinetic parameters for the radionuclides

Cs-137, 1-131, Sr-90, Th-232 and U-238, through the study of the

daily ingestion and organ contents of the trace elements Cs, I,

Sr, Th and U respectively. This study helps in realistic

estimation of radiation dose and also in evolving population

specific Annual Limits of their Intakes (ALIs), both for the

radiation workers and general public. Ca and K have also been

included in the study because of their similarity of behavior

with the elements Sr and Cs respectively.

In this connection, the analytical methods using both INAA

and RNAA have been developed, standardised and tested for the

analysis of trace elements Ca, Cs, I, K, Sr, Th and U in

biological samples such as food and human tissues. The results

obtained using the above mentioned analytical methods for the

standard reference materials received from National Institute of

Science and Technology (NIST), USA, and through IAEA for the

above seven trace elements showed a good agreement with certified
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values, thus demonstrating the adequacy and reliability of the

methods.

The Analysis-of both the major essential components of

Indian diet and the cooked total diet for the above seven

elements showed that cetfeals contribute maximum to the daily

intake of Ca. Again, because of observed higher concentration of

Ca and Cs in milk, their daily intake is likely to be governed by

the intake of the quantity of milk per day. This observation is

important in the light of 'the earlier study, according to which

even though an average Indian consumes 90 ml of milk per day, the

consumption of milk in the higher income group of Indian society

is around 500 ml per day.

The analysis of skeletal muscle tissue samples for the trace

elements Cs and K showed a statistically significant linear

correlation between the concentrations of Cs and K in the human

tissue. An extensive study is required to observe whether a

relation exists between the intake of K and the biological

half-life of Cs.

{7} Studies on uptake of natural radionuclides Ra-226, Th-232,

K-4 0 and fallout Cs-137 by wheat plant from natural background

activity

Soil and wheat plants from Punjab show that uptake of

radionuclides by the grain of the plants is minimum compared to

other parts of the plant. Husks show maximum concentration of Cs,

Ra and Th, only exception being K, which is concentrated in the

shoots. High concentration of the above radionuclides in husks

proves that these act as physiological barrier for protection of

grains from contaminants. Application of phosphatic fertilizer to

the plant reduces the uptake of thorium by 20% and to a lesser

extent the uptake of radium and potassium. Uptake of Cs by the
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plant doubles on the application of fertilizer. The studies are

being continued.

(8) Studies on Substitution of K by Cs in Marino Environment

Investigations were carried out on the Cs-137 and K-40

concentrations in various size fractions of suspended particles

from Bombay harbor bay and this study revealed that the

concentrations of these radionuclides are inversely related to

size fraction of suspended particles.

Studies regarding the leachability of Cs-137 from depth

fractions of bottom sediment cores collected from Bombay harbor

bay were carried out. The results indicate that the leachability

of Cs-137 decreases linearly with depth indicating possible

isomorphous. inclusion of Cs-137 in the clay minerals of the

sediments.

(9) Studies on Uptake of Radionuclides by Marine Organisms with

Their Growth

Investigation on samples from different age groups of the

three benthic marine organisms, mudskipper, crab and bivalves

collected from Bombay harbor bay on a single occasion at a single

location, were carried out for their radionuclide content (Sr-90

and Cs-137) and for C, H, 0 and N. Even though the exponential

growth curves with size and weight matched well with the

literature values, the radionuclide content did not indicate any

pattern of uptake. Although C, H, 0 and N contents remained

constant with size/age, the uptake of Sr-90 and Cs-137 with

size/age was random. This suggests that these radionuclides do

not take any significant part 4-n normal life cycle of the marine

organisms.
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(10) Studies on the Effect of pH on Natural Humic-Metal Complexes

Marine humic acids represent important and unique species

for absorption of trace elements and radionuclides, affecting

their bio-availability and mobility, in the marine environment.

In the environment pH values of water can vary from 4 to 9

depending on the industrial effluents. Studies carried out so far

indicated cationic and non-cationic metal-humic complexes of

trace elements/ radionuclides. Our recent studies on the effect

of pH, in the range 7 to 13, on metal-humic complexes, for Zn,

Mn, Co, Fe and Hg, have shown that all except Zn form soluble

cationic, anionic and neutral complexes. Zn forms only cationic

and anionic complexes. The observations in the pH range 7 - 8.2

are directly applicable to the behavior of these elements in

marine environment.

(11) Computer Codes for Radiological Safety Analysis

A computer code for the evaluation of gap inventory in the

individual fuel bundles of a standard 235 Mwe PHWR was developed.

Individual pin inventories needed for the evaluation are

calculated using the ISOGEN code and the gap release fractions

for fission gases and volatiles are evaluated using the ANSI-5.4

-1982 Model.

A software 'ACTDOR' was developed to estimate the beta and

gamma activity content of reactor solid wastes from measured

external radiation fields. The method uses a standard shielding

code and requires as input a site-specific data library

incorporating information on each of the waste sub-categories

regarding the waste container parameters and the radio-nuclide

source and shield. The code has been validated on low-active

research reactor wastes and is currently undergoing trials in two

PHvvRs.

An analytical evaluation of the source of fission products

in the moderator/ cover gas system of RAPS-2 and two other PHWRs
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was made. The fission product activity seen in the RAPS-2 case

was found to be about an order of magnitude higher than that

expected from background impurities. Both the FP leakage from the

PHT system and the diffusion of activity in the calandria tube

were ruled out on theoretical grounds and it was shown that the

activity had the signature of tramp U source, of which the amount

in the moderator was estimated at 0.9 g.

(12) Probabilistic Fracture Mechanics Study of GRS Project

The division also participated in the Probabilistic Fracture

Mechanics Study of GRS Project (RPV PTS/ CAS) in collaboration

with Reactor Safety Division. In this connection, a computer code

was developed to evaluate the crack initiation and failure

probabilities of a pressure vessel for flaws initiated in the

weld region and subjected to (a) stylised exponentially decaying

thermal transient and (b) postulated small break LOCA transient.

For circumferential welds, these evaluations have been carried

out for a circumferentially oriented 360 degree surface breaking

flaw and for axial welds calculations were done for an axially

oriented infinite length surface breaking flaw.

(13) Flow Blockage Studies

A probabilistic assessment of the flow blockage in fuel

assemblies at Fast Breeder Test Reactor (FBTR) is being carried

out in collaboration with Reactor Safety Division, BARC and

Reactor Physics Division and Reactor Operations Division, IGCAR.

Estimates of flow blockage and failure to trip/ shutdown the

reactor have been evaluated based on the fast reactor experience

world wide and the operating experience at Fast Breeder Test

Reactor, Kalpakkam.

174



(14) Review of Discharge Limits for Operating Plants at Kalpakkam

The discharge limits for the gross beta and gamma activity

in the liquid effluents for the Centralised Waste Management

Facility (CWMF), Kalpakkam were reviewed, in the light of current

practice of discharges through the CWMF, taking into

consideration the dose apportionments for the liquid routes for

each of the plants at the Kalpakkam site.

(15) Stack Parameters for Waste Immobilisation Plant, KalpaWcam

Stack parameters such as the stack height, diameter, exit

velocity of the effluents for the Waste Immobilisation Plant

(WIP) at Kalpakkam have been evaluated based on the expected

release rate, site meteorological data and dosimetry of

radionuclides.

{16} Public Awareness Programmes

The Environmental Radiological Laboratories and Health

Physics Units located at different plant sites continued to

organize, conduct and participate in several public awareness

programmes that were carried out at the sites. These laboratories

were visited by members of the public including school children,

lecturers, professionals and other dignitaries both from India

and abroad. Brochures on "Environmental Radiological Surveillance

at Nuclear Facilities" and "Occupational Radiation Protection in

Nuclear Facilities" were released during the year.
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Publications

(1) Climatological and Atmospheric Diffusion Summary Report for

the Rajasthan Atomic Power Station Site for the Period 1986-1995.,

- R.P. Gurg, R.K. Gupta, M.B. Saxena and S. Krishnamony, 1997,

BARC/1997/I/009

(2) Meteorological Summary Report for KAIGA Project Site for the

Period from October 1993 to September 1996 - B.B. Adiga, P.D.

Nayak, M.N. Hegde and M. Sundaram, 1997, BARC/1997/I/003.

(3) COREGAS: A Computer Code for Calculation of the Gap Inventory

of a Pressurised Heavy Water Reactor, - V.K. Sharma and Chitra S.

1997, BARC/1997/I/005

(4) Sourcing of Fission Product Activity in the Moderator/Cover

Gas System of RAPS-2/MAPS-1/NAPS-2: An Analytical Approach, -

V.K. Sharma and S.S. Mangavi, 1997, BARC/1997/I/006

(5) Reliability Analysis of Electrical Power Supply Systems of

Indian Pressurised Heavy Water Reactors - R.K. Saraf, A.K. Babar

and V.V.S. Sanyasi Rao, 1997, BARC/1997/E/001.

(6) Determination of the Activity Content of Solid Radioactive

Wastes, - Chitra S and V.K. Sharma, Radiation Protection and

Environment, Vol. 20, No. 1, 1997

(7) Distribution of Lanthanides and Trace Metals in the Aquatic

Environment of Rare earth Processing Plant - Sujata Radhakrishnan

and A.C. Paul, Proceedings of the Vlth National Seminar on

Environment, 1997

(8) Population Exposure due to inhalation of Thorium at the

Natural High Background Areas in India - A.C. Paul, P.M.B.

Pillai, P.P. Haridasan, S. Radhakrishnan and S. Krishnamony.

Journal of Environmental Radioactivity (in press)
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(9) Internal Exposure Assessment in Occupational Settings at the

Mineral Separation and Monasite Processing Plants - P.M.B.

Pillai, A.C. Paul, Kamala Rudran and S. Krishnamony, Presented at

the Twenty Third IARP Conference on Recent Advances in Radiation

Measurements and Radiation Protection held at Guru Nanak Dev

University, Amritsar during February 19-21, 1997.

(10) Reliability Analysis of Electrical Power Supply Systems of

Indian Pressurised Heavy Water Reactors - V.V.S. Sanyasi Rao,

R.K. Saraf and A.K. Babar, Presented at the National Conference

on Quality and Reliability (NCQR-97) held at Mysore, during June

26-27, 1997.

(11) Space-Time Concepts of Intervention Levels for Off-Site

Radiation Emergencies" - V.K. Gupta and K.K Narayanan, Presented

at the Technical Committee Meeting on "Special Topics Related to

Level-3 PSA/ Dose Calculations", held at IAEA, Vienna during

August 25-29, 1997.

(12) Po-210 Measurements in Coastal Seawaters Using Ferric

Hydroxide Coated Polyacrylic Fibres - M.A.R. Iyengar and A.P.

Thulasi Brindha, Presented at the Twenty Third IARP Conference on

Recent Advances in Radiation Measurements and Radiation^

Protection held at Guru Nanak Dev University, Amritsar during

February 19-21, 1997.

(13) Human Resource Development Programme for Effective

Implementation of ICRP-60 Recommendations at Madras Atomic Power

Station - K. Chudalayandi, R.S. Vardhan and R.K. Kannan,

Presented at the Twenty Third IARP Conference on Recent Advances

in Radiation Measurements and Radiation Protection held at Guru

Nanak Dev University, Amritsar during February 19-21, 1997.
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(14) Performance Evaluation of Phoswich Detector^ for Internal

Monitoring of Actinides - T.K. Haridasan, R.C. Sharma, T.

Surendran, G.B. Ghatikar and J.M. Vidhani,Presented at the Twenty-

Third IARP Conference on Recent Advances in Radiation

Measurements and Radiation Protection held at Guru Nanak Dev

University, Amritsar during February 19-21, 1997.

(15) Occupational and Environmental Radiation Exposures in the

Beach Mineral and Monazite Processing in India - A.C. Paul,

P.M.B,Pillai, C.G. Manian, Sujatha Radhakrishnan, P.P. Haridasan,

Kamala Rudran and S. Krishnamony,Presented at the Twenty Third

IARP Conference on Recent Advances in Radiation Measurements and

Radiation Protection held at Guru Nanak Dev University, Amritsar

during February 19-21, 1997.

(16) Current Measurements on the Distribution of Tritium in Fresh

Waters of India - Kamala Rudran,Presented at the Twenty Third

IARP Conference on Recent Advances in Radiation Measurements and

Radiation Protection held at Guru Nanak Dev University, Amritsar

during February 19-21, 1997.

(17) Study of Ground Water Quality in Anushaktinagar, Mumbai -

V.H. Santosh, B.U. Kothari, A.K. More, V.M. Matkar, S.R. Sachan

and Kamala Rudran, Presented at the Twenty Third IARP Conference

on Recent Advances in Radiation Measurements and Radiation

Protection held at Guru Nanak Dev University, Amritsar during

February 19-21, 1997.

(18) Uranium and Thorium Uptake by Naturally Growing Vegetation -

V.A. Pulhani, A.K. More, S.R. Sachan and Kamala Rudran, Presented

at the Twenty Third IARP Conference on Recent Advances in

Radiation Measurements and Radiation Protection held at Guru

Nanak Dev University, Amritsar during February 19-21, 1997.
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(19) Progress Report on The IAEA CRP on "Characterization of

Airborne C^, Th-232 and Cd în Work Place and Their Correlation

with Their Concent ra t ion in Body F lu ids and Excreta of

Occupational Workers using NAA, XRP and ICP" - A.C. Paul, A.R.

Lakshmanan, B.S. Negi, Madhu G. Nair and Pramila Sawant,

Presented at the IAEA CRP meeting held at IAEA, Vienna, October,

1997

(20) Methodology for Monitoring Radioactivity in Plant Atmosphere

and Environment - A.H. Khan, Presented at the Workshop on

Advances in Instrumentation for Metallurgical Industry and

Research organised by National Meta l lu rg ica l Laboratory,

Jamshedpur, September, 1997

(21) Investigation on the Sources of Radon and Their Relative

Contributions in Underground Uranium Mines and Surrounding

Environment -Shankar Jha, Ph. D. Thesis, Bombay University, 1996

(22) Probabi l i s t ic Safety Assessment of Standardized Indian

Pressurized Heavy Water Reactors, V.V.S. Sanyasi Rao, Ph. D.

Thesis, Bombay University, 1995
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HEAVY WATER DIVISION

Major Achievements

1.0 Upgrading Plant at Hall-2:
To augment the capacity of upgrading facility at Engg. Hall. 2 for meeting the requirement
of DHRUVA & CIRUS, an additional upgrading plant of 250 mm diameter has been set
up & commissioned.
The existing upgrading plant located at Engg. Hall-2 based on vacuum distillation process
continued to perform well meeting all the upgrading requirements of DHRUVA & CIRUS
Reactors.

2.0 Additional upgrading Plant at NAPS:
An additonal upgrading plant has been erected at Narora Atomic Power Station. The
tower internals for this plant have been fabricated and tested in the division. Testing and
commissioning of the plant is in progress at site.

3.0 Heavy Water Analysis:
Heavy Water Division has undertaken the analysis & certification work of heavy water
being exported to M/S Korean Electric Power Corporation, South Korea by Heavy Water
Board.

4.0 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 plant of suitable capacity has been designed. A fieve, stage column has been
set up and its commissioning work is in progress.

5.0 Advanced Electrolyser for Oxygen Production:
A project for the supply of Electrolysis plant for the production has been undertaken at the
request of DMDE. Equipment has been fabricated & erected. It is expected to be
commissioned shortly.

6.0 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 the progress. Preparation of the required catalyst
is also in progress. Engineering of this plant has been taken up.

7.0 H2S Synthesis Pilot plant:
Based on the previous experience of operation of this pilot plant, various modifications
have been carried out and many new equipment have been fabricated and erected. It is
likely to be commissioned soon.
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List of Publications in 1997

1. A. Samanta and S.K. Ghosh, Che,. Phys. 214, 61-71 (1997)
"A study of solvent dynamical effects on nonadiabatic electron transfer reaction rates"

2. S.K. Ghosh, A. Samanta and B.M. Deb, Intern. J. Quant. Chem. 62,461-465 (1997)
"A universal density functional approach to the calculation of correlation energies of
atoms"

3. T.K.GhantyandS.K.Ghosh,interaJ.Quant,Chera.63,917-926(1997)
"Density functional study of the relationship between energy, hardness and polarizabiUty
of molecules in nonequilibrium situations".

4. N. Choudhury and S.K. Ghosh, J. Chem. Phys. 106,2756-1584 (1997)
"Density functional theory of adhesive hard sphere fluids"

5. C.N. Patra and S.K. Ghosh, J. Chem. Phy. 106,2752-2761 (1997).
"Structure of inhomogeneous dipolar fluids: A density functional approach".

6. C.N. Patra and S.K. Ghosh, J. Chem. Phys. 106,2762-2770 (1997).
"Density functional approach to the structure of uniform fluids".

7. T.K. Ghanty and S.K. Ghosh, J. Phys. Chem. 101,5022-5025 (1997).
"Proton affinity and acidity of hypohalous acids: A density functional study".

8. N. Choudhury and S.K. Ghosh, J. Phys, Rev. E (accepted for publication, 1997)
"A modified weighted density functional approach to die crystal-melt interface".

9. A. Samanta and S.K. Ghosh, J. Molec. Liquids (invited article, 1997)
"Velocity correlation function and frequency-dependent conductivity of electrolyte
solutions in dipolar fluids".

10. B. Bhattachrjee, B.M. Mishra, V.K. Tangn, M.S. Krishnan, S.K. Ghosh and S.K.
Malhotra,
"Advances in chemical Engineering: ACE-97" - Proceeding of symposium on Advnaces
in Chemical Engineering, 1997.

11. A. Samanta and S.K Ghosh, in Advances in Chemical Engineering: ACE-97": Symp.
. Proc. edited by B. Bhattacharjee et.al., October, 1997, pp. 27-32.

"Ionic conductivity in aqueous solutions: Deuterium isotope effect"

12. N. Choudhury and S.K.Ghosh, in "Advances in Chemical Engineering: ACE-97"
Symp. Proc. edited by B. Bhattacharjee et.al., October, 1997, pp. 77-82.
"Modeling fluid behaviour in porous materials"
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13. S.K. Das and K. Rammohan, in "Advances in Chemical Engineering: A ACE-97": Symp.Proc.
edited by B. Bhattacharjee et.al., October, 1997, pp. 189-193.
"Detritiation of moderator heavy water of nuclear powerplants by electrolysis"

14. S.K. Malhotra, B.M. Misra and H.K. Sadhukhan, in "Advances in Chemical Engineering:
ACE-97": Symp. Proa, edited by B. Bhattacharjee et.al., October, 1997, pp. 249-255.
"Gas separation by membranes: An overview"

15. B.K. Mishra and S. Mishra, in "Advances in Chemical Engineering:ACE-97": Symp. Proc.
edited by B. Bhattacharjee et.al., October, 1997, pp. 281-289.
"Surfactant aided ukrafiltration"

16. G.K. Nath and S.K. Das, in "Advances in Chemical Engineering: ACE-97": Symp. Proc.
edited by B. Bhattacharjee et.al., October, 1997, pp. 385-390.
"Process development for separation of chJorotoluenes"
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HIGH PRESSURE PHYSICS DIVISION

Major Achievements

High Pressure Physics Division consists of four sections (i) High Pressure Physics
Section, which carries out experimental and theoretical work on the behaviour of
condensed matter under high pressures, (ii) Plasma Physics Section, which carries out
experimental and theoretical work on fusion plasmas, (iii) CCD Imaging Section, whose
main activities are to develop CCD based instrumentation for radiography and diffraction
studies and (iv) Seismology Section whose mandate is to detect underground nuclear
explosions. For this it does research in seismology and operates continuously seismic arrays
at Gauribidanur and Delhi. Some significant achievements of these sections in 1997 are
given here.

High Pressure Physics

1. High pressure infrared, Raman and x-ray diffraction studies of Ni(OH)3 were
carried out to investigate its pressure behaviour. The x-ray diffraction data collected upto
33 GPa were analysed. From the zero pressure slopes of the a and c curves, the bulk
modulii Koaand Koc were determined to be 1391 GPa and 379 GPa respectively.
The bulk modulus Ko was determined to be 221 GPa. These values are the largest
compared to the other di-hydroxide compounds of this family indicating that the lattice is
very stiff. The c/a ratio is nearly pressure independent. Thus the high pressure x-ray
diffraction study of Ni(OH)2 shows that this compound is very less compressibile which
is a reflection of the effect of repulsion produced by the shortening of the H—H contacts
under compression.

The frequency of infrared active A2u- antisymmetric stretching internal hydroxyl
mode decreases linearly with pressure at a rate of-0.7 cm'VGPa. The FWHM of this mode
increases continuously with pressure and reaches a value of 120 cm'1 around 25 GPa. This
is indicative of a slow hydrogen disordering of this compound under pressure. The
Raman active A l g- symmetric stretching hydroxyl mode was observed at 3580 cm"1.
There was no discernible change observed in the frequency and width of this mode upto a
pressure of 33 GPa. These again support the x-ray measurements.

We also conducted two shock wave experiments on Ni(OH)2 specimens. In both
the experiments, samples were shock loaded up to peak pressure of 12 GPa by impact of
a stainless flyer. X-ray diffraction (XRD) patterns of recovered samples show the presence
of Bragg reflections corresponding to the ambient structure but their relative intensities
are modified significantly. Apart from this the peaks are broadened also. The XRD results
are substantiated by the Raman measurements done on the unloaded samples. These
observations of XRD and Raman measurements could be associated to the reduction in
particle size due to shock compression.

2. Adamantane (C,0H|6) crystallizes at ambient conditions in an orientationally
disordered cubic space group Fm3m. It transorms to an ordered phase P42,c at low
temperature (208K) or under pressure at 0.5 GPa. As this transition is associated with
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rotation of two nearest molecular units in the opposite directions, the distance between the
hydrogen atoms are affected considerably and hence the various C-H stretching modes are
expected to be highly sensitive to this transition. With an aim to understand this and to look
for the existence of further phase transitions, the changes in Raman spectrum over the C-H
stretch region (2800-3000 cm'1) as a function of pressure (25 GPa) was studied. The Raman
spectrum starts changing at 0.5 GPa. The C-H and C-H2 modes over the 2850-2950 cm"1

undergo drastic changes in the intensity distribution. The degenerate modes in the parent
phase show splitting and new Raman active modes appear at 8 GPa and above 15 GPa
pressures.

With the aim to look for any high pressure phase transition of adamantane under
dynamic compression other than order-disorder one, we also conductd one shock wave
experiment on this material. In this experiment the sample was shock loaded to peak
pressure of 12 GPa by the impact of a flyer plate. XRD pattern of the recovered sample is
found to be identical to that at ambient condition. Further experiments at higher pressure
are planned.

3. We carried out thermoelectric power (TEP), electrical resistance R and angle
dispersive x-ray diffraction (ADXRD) measurements under pressure on La67Ca33MnO3

(composition optimized for Giant Magneto Resistance). The L 67Ca 33Mn03 was prepared
by solid-state reaction and characterized by X-ray powder diffraction. Four probe electrical
resistance R and TEP measurements were carried out to 10 GPa. The ADXRD pattern
recorded at 2.4 GPa showed a phase change to another orthorhombic cell (a=5.446A°,
b=5.430Ao c=7.745Ao). The (004) line started broadening above 7 GPa and by 20 GPa, it
merged with the background. The (200) line also start broadening from 10 GPa making it
difficult to index the pattern on the above cell. This is similar to the observed phase change
and mixed phase behaviour of La!.xCaxMnO3 for x=.4 and .5 at low temperature because of
charge ordering when Mn4+ concentration increases. On pressure release, the ambient phase
is recovered.

4. We have discovered some new polymorphs of alumina by subjecting xerogel
alumina to high pressures and temperatures. At 5GPa and 1400°C xerogel alumina
transforms into a polymorphic mixture containing a-Al203 and phases having rare earth
sesquioxide structures B Ln2O3 and C Ln2O3. Under these conditions xerogel alumina with
1% Cr2O3 transforms into mixture of a-Al203 and an H Ln2O3 type phase. At 4.5GPa and
HOOoC xerogel alumina yields a mixture of a-Al203 and K-A12O3. Finally at highest
pressure and temperature it transforms to a-Al203 . The results obtained from these studies
are explained using the free energy diagram for these materials. Rutile as well as anatase
nanocrystalline TiO2 were found to transform to rutile structure at 5.2 GPa and 800°C. No
intermediate phases were found even at different pressure-temperatures.

5. Polycrystalline hydroxylapatite (HA), hydrated tricalcium phosphate (HTCP), a

tricalcium phosphate (a-TCP), dicalcium phosphate dihydrate (DCPD) and dicalcium
phosphate anhydrous (DCPA) were subjected to various pressures upto 10 GPa and the
retrieved materials were examined by XRD and FTIR. These compounds showed
amorphization at pressures upto 10 GPa, the pressure being lowest for HTCP and DCPA.
At intermediate pressures, the amorphous phase obtained was anisotropic. Significant
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changes in the infrared spectra were observed in all materials except DCPA. These
changes are due to the lowering of site symmetry on amorphization.

6. Electronic structure based total energy calculations have been carried out on the
crystal approximant to Al-Mn-Si quasicrystal in order to estimate the strain energy in the
crystal approximants. The calculations are based on the linear muffin-tin orbital method
with atomic sphere approximation. Three different sets of calculations have been carried
out. (i) For Mn24Al114 in the simple cubic lattice, with atoms in the crystal approximant
and ideal quasicrystalline positions about the centre of the packing unit. The total
energy difference between these two cases is obtained as 11 mRy/atom. (ii) For the
Mn12Al42 cage (inside cluster) in the same lattice in order to estimate the isolated cage
energies. The glue atoms (Al) and the cluster at the centre of the cubic unit cell have
been replaced by empty spheres. These calculations give a large energy difference of 58
mRy/atom. (iii) For Mn|2Al60 in the body centred cubic lattice as an approximation to
the 138 atom simple cubic case, the calculations were carried out for the crystal
approximant and the ideal quasicrystalline positions of atoms, and also for the glue atoms
in the crystal approximant positions while keeping the cage in the ideal position. The
last combination gives 3mRy/atom higher energy as compared to the positions of atoms
in crystal approximant. These studies indicate that the energy difference between the
ideal and crystal approximant positions is large for the cage atoms. But the strain in the
glue atoms compensates this difference to a large extent.

7. We also carried out the density based first principles molecular dynamics
calculations on a sample problem related to Al/Zn-Mg quasicrystal. The calculations were
performed on a cluster of 105 atoms with Al as central atom. As the nonlocal effects are not
significant in metallic systems like Zn, Mg and Al, while energy differences are being
compared, we employed the standard Bachelet-Hamann-Schlueter pseudopotentials with
plane wave basis set. We obtained the lowest total energy when the atoms were in the ideal
quasicrystalline positions (-230. 280 Ry). The crystal approximant positions of atoms led to
a slightly higher total energy (-230. 1016 Ry), whereas the Penrose tiling positions gave
still higher energy (-229. 1274 Ry).

Also, we carried out calculations on a 162-atom sample (2 neighbouring clusters of
81 atoms each). Keeping the cages of the two clusters in "ideal" positions, we found that
neither the ideal nor the crystal approximant positions of glue atoms (atoms in the space
between the cluster) correspond to the lowest total energy. These results support the
recently suggested model of Chidambaram according to which the clusters with ideal
icosahedral symmetry force the 5-fold rotational symmetry on the overall structure and the
glue atoms become disordered in the absense of a crystallie space-group symmetry. Our
calculations show that energy differences involved are of the order of 1 mRy/atom or less
and the differences between the quasi crystalline structure and the related crystalline
strucuture are samll and subtle. The the stability of the quasicrystalline structure may also
be influenced by entropy, and the disordered configuration of glue atoms may be favoured
energetically at higher temperatures.
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Plasma Physics

A new laboratory hot plasma device, namely, passively triggered vacuum spark
producing temperatures in the million degree Kelvin range was developed. This device was
characterised using a number of diagnostic techniques such as streak camera (10 ns per mm
streak rate), filtered soft x-ray PIN diodes having < Ins response time, soft-x-ray pinhole
camera, space resolved optical spectroscopy, current monitors etc. A 2 mm diameter
plasma producing x-rays in the 0.5 to 10 KeV photon energy range for a duration of 50-400
ns was observed to be under going MHD kink oscillations with a time period of 10-20 ns
becoming unstable after about 400 ns. A hot, dense core surrounded by a colder coronal
envelope was visible in the streak pictures.

A bank of BF3 detectors with a high degree of immunity to electromagnetic
interference (EMI) was developed and successfully used in an impact fusion experiment
where neutron emission in excess of 106 neutrons was observed.

Development of high voltage facilities of various kinds was continued. An 1 lkJ, 40
kV capacitor bank capable of being synchronised • with an external trigger source was
commissioned and tested. A 30 kJ, 90 nH, 40 kV capacitor bank optimised for study of
exploding conductors has been commissioned. Major sub-system of a 300 kJ, 10 nH, 40 kV
capacitor bank have been assembled and are being tested.

CCD Based Imaging

A prototype neutron tomography system based on CCD technique has been
developed and successfully used at APSARA reactor for neutron CT scan of several test
samples. The main advantage of CCD based tomography system over conventional
translate-rotate tomography is the speed of data acquisition. Even for fairly large samples
only rotation steps are required. Moreover CT scan for several slices are obtained
simultaneously resulting in 3D CT scan. The system developed is fully automatic with
integrated image acquisition using electronic imaging technique and stepper motor control.
The system shows resolution better than lmm.

A technique for real time visualization of two phase flow pattern inside metallic
pipes (optically opaque channels) has been developed using electronic neutron imaging.
This system has the capability to compute online void fraction for air/water two phase flow
using image processing technique. This system has been successfully tested at APSARA
reactor using a test loop. Such a system is very much suited for reactor applications where
two phase flow study are required to be carried under realistic conditions of high
temperature and pressure inside metallic pipes.

A table top gamma tomography system using CCD technique using relatively low
strength gamma sources has been designed. This system is being scaled up for industrial
use as CCD based gamm/x-ray tomography system.

Experiments on medical imaging using CCD technique have been carried out.
Initial results indicate that good quality diagnostic images can be obtained using CCD
technique at much less doses of X-ray.
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A prototype CCD based X-ray diffraction imaging system has been developed. The
main components of this system are image intensifier coupled to a CCD camera, frame
grabber cum processor and a set of image acquisition and processing software. The
detection area of the detector is 70mm which is achieved using a taper fibre optic. This
prototype detector was tested for X-ray diffraction imaging of powder samples using
rotating anode generator. The strong diffraction rings from powder samples can be seen at
real time and weak lines are obtained after few seconds of integration time. Several sets of
processing softwares such as radial integration etc, has been developed for this purpose.

This CCD based imaging detector was incorporated in the high pressure angle
dispersive X-ray setup. The high pressure data using diamond anvil cell has been collected
for Auln2 and AuGo2 The system was successfully used to observe pressure induced phase
transitions in known systems like Kl and Rbl. A new transition above 100 GPa was seen in
the intermetallic compound AuGa:.

Seismology

Uninterrupted operation of the seismic arrays at Gauribidanur and Delhi to
continuously monitor seismic activity globally was maintained without any downtime.
These arrays also provided high-quality seismological data needed for research and
development. The structured database archiving all recognised seismic events was
progressively updated. The radio-telemetered seismic network in the Bhatsa Dam region in
western Maharashtra and the single-component independent seismic stations for
microearthquake monitoring at nuclear power plant sites were also maintained to function
satisfactorily. A few hardware units including analog trigger board, multichannel waveform
display board, FM demodulator and user selectable band-pass filter unit were fabricated to
support the above systems.

Field processor based digital seismic telemetry system has been developed for
continuous acquisition of multichannel array data and is undergoing rigorous field trials for
installation and commissioning at Gauribidanur. Aiming to substantially augment the
array's capability in providing data in a large dynamic range, the system employs special
wide-band sensors along with industrial grade processors, digital UHF wireless link,
matching multichannel processor based receiving units and advanced communication
protocols.

A three-layer Artificial Neural Network (ANN) developed as a potential software
tool to significantly enhance seismic event detection and souece discrimination capability
was put to active use with real data. It was demonstrated that the ANN can successfully
process seismic signals from extremely weak as well as complex sources and can
efficiently distinguish quarry blasts from microearthquakes unamiguously.

Investigations of seismicity of the peninsular India shield and of the Delhi region
further North led to patternise probable clusters of earthquakes related to prominent
geotectonic faults, sheer zones and some cratonic contact areas. With microseismicity in
abundance throughout these regions that constitutes stationary background seismicity. the
occurrence characteristics of moderate earthquakes in these regions and probable
intercluster relationships are being examined more closely.
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support the above systems. -
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installation and commissioning at Gauribidanur. Aiming to substantially augment the
array's capability in providing data in a large dynamic range, the system employs special
wide-band sensors along with industrial grade processors, digital UHF wireless link,
matching multichannel processor based receiving units and advanced communication
protocols.

A three-layer Artificial Neural Network (ANN) developed as a potential software
tool to significantly enhance seismic event detection and souece discrimination capability
was put to active use with real data. It was demonstrated that the ANN can successfully
process seismic signals from extremely weak as well as complex sources and can
efficiently distinguish quarry blasts from microearthquakes unamiguously.

Investigations of seismicity of the peninsular India shield and of the Delhi region
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ISOTOPE DIVISION

Major Achievements

In Isotope Division R&D focus is on developing processes for isotope
production and application of isotopes and radiation which are relevant to Indian
industry and society. These activities include development of suitable complexes for
preparation of radiopharmaceuticals suitable for diagnostic and therapeutic applications
in medicine, development of radiation based environment friendly industrial processes,
utilization of isotopes for better harnessing natural resources, and as a diagnostic tools
in industrial troubleshooting. Man power development for isotope applications is
another important activity in the Division. Some of the major achievements
accomplished during the year 1997 are presented here in brief.

Major Achievements

1. RADIOPHARMACEUTICALS DEVELOPMENT

1.1 Synthesis, Radiochemical studies and Biodistribution : Ethyl cysteinate
dimer which forms a complex with 99ltlTc is being used as a radiopharmaceutical for
brain imaging. The synthesis of amine-phenol derivative of ethyl cysteinate which
could be suitable for chelating with "'"Tc was carried out. The imine was purified over
silica gel column using 1% methanol In chloroform.

New polydentate amine-oxime ligands, i) Tris[(r,r,-dimethyl-2',-methyl-2',-
oximino)-2-aminoethyl]amine and ii) Tris[(l',2',-dimethyl-2',-oximino)-2-aminoethyl]
amine were synthesized. Column chromatographic purification of the crude product
over silica using 4% methanol in ammonium hydroxide as eluant yielded the pure
ligand. All the synthesized ligands were characterized by *H NMR spectroscopy.

Radiochemical studies of all the ligands with "mTc were carried out.
Complexation yield was optimised by variation in the reaction conditions such as pH,
ligand concentration and stannous tartrate concentration. The "mTc complex was
characterised by standard quality control techniques viz. TLC, PC, paper
electrophoresis and solvent extraction studies. The stability of the complexes were
studied with time.

mTc complex of the ligands were injected into Swiss mice and the activity in
various organs was measured at various intervals of time after sacrificing the animal.
The % uptake in brain, heart, lungs, stomach, liver, kidney, spleqn, intestine, muscles
and femur were calculated. The pattern of clearance of the complexes were also studied.

1.2 Preparation of therapeutic radiopharmaceuticals

1.2.1 Preparation of l86Re labelled radiopharmaceuticals : l86Re with Ep 1.07
MeV beta emission for therapy, relatively short half life (90 hrs) and 137 KeV gamma
emission for external imaging is an ideal radionuclide for preparation of therapeutic
radiopharmaceuticals.

Work on the preparation and biological behaviour of l86Re-Dimercaptosuccinic
acid [ Re(V)DMSA] a potential radiopharmaceutical for targeted radiotherapy of
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medullary carcinoma of thyroid and ii.) l86Re-Hydroxy-ethylene diphosphonate ( Re-
HEDP) used for palliation of metastatic bone pain was taken up. The reaction
conditions were optimised to obtain a complexation yield of 95%. The complex was
found to be stable for 96 h. Pharmacokinetic studies of the product were carried out at
RMC, Parel. l86Re-(V)-DMSA was injected in normal rats and the biological behaviour
of the product was compared to that of "mTc-DMSA. There was no significant
difference in the blood clearance as well as uptake in other major organs. Kidney
uptake gradually increased with time as compared with 99mTc(V)-DMSA. Work on
biodistribution studies is in progress.

Conditions for preparation of Re-Hydroxy-ethylene diphosphonate ( Re-
HEDP) were optimised. The complex was stabe for one week when stored at 4°C.
Pharmacokinetic studies of the product was carried out at RMC, Parel. l86Re-HEDP
showed faster blood clearance with 70% renal excretion and 30% bone uptake after 3
hours. No significant uptake in other organs was seen. These studies demonstrate that

K.e-HEDP prepared at the Isotope Division has similar uptake patterns as reported.

1.2.3 Preparation of l53Sm labelled compounds : The ligand EDTMP was
synthesised by a Mannich type reaction of orthophosphorous acid, 1,2-diaminomethane
and formaldehyde in strong acidic medium. The ligand used in this study was
characterised by 'H and 3IP NMR spectroscopy Complexation was carried out by
boiling EDTMP with l53SmCl3 and boiling the reaction mixture for 30 min. The
labelled product Ethylenediamine -N,N,N',N\ tetrakis (methylene phosphonic acid)
( Sm-EDTMP) was characterised by paper chromatography. Bio-distribution studies
of i53Sm-EDTMP carried out at Radiation Medicine Centre showed satisfactory uptake.

13. Preparation of 12SI labelled compounds : Use of radiolabeled aminoacids
combined with PET has shown considerable importance in understanding brain
physiology. Demand for similar compounds combined with SPECT has led to the
development of Radioiodinated L-Alpha-Methyl Tyrosine[I-AMT] as a brain imaging
agent.

The procedure for radiiodination of AMT was standardised using chloramine T
as well as Iodogen as oxidising agents .
1. The biodistribution studies were carried out in mice. Time dependent uptake studies

showed encouraging pattern. The activity accumulated in brain after ten minutes
was 3.5 (o 0.64)% which decreased to 1.5 (a 0.07)% in one hour. Blood and Liver
activity decreased from 40% to 8% and 12% to 4% respectively one hour post
injection, which clearly indicates that the compound is getting cleared out fast and
excreted through kidneys. The invivo stability of I-AMT is good, as thyroid
accumulated activity is less than 5%.

1.4 Preparation of I25IUdR by demetallation : 125IUdR was prepared by
radioiodination of 5 chloromercuri -2'-deoxyuridine at pH 6.0 in iodogen coated tubes.
The product purified by Dowex resin showed RC purity >94% and was stabe over a
period of more than 15 days up to 37°C. The product was characterised by 'H-NMR
spectroscopy.
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The tumour was induced in Swiss mice by injecting sarcoma S-180 cells and
allowed to grow until 5 to 6 mL of ascitic fluid was accumulated. l25IUdR was injected
in these animals intraperitonally. The ascitic fluid was removed, washed and percentage
activity accumulated in tumour cells was determined at different time intervals.

Locoregional injection of I25IUDR has shown satisfactory (~2% injected
dose/g) uptake of radioactivity in tumour cells. DNA from tumour cells were isolated
and it was observed that -90% activity was found to be associated with DNA
molecules. The ADME pattern was also found satisfactory. Efficacy of I25IUDR
injection at various stages of tumour growth in animals was studied.

Twenty five animals of same strain, weight and age were grouped in five and
were inoculated with Sarcoma S-180 cells. One group was kept as control and other
four groups were injected with an uniform dose of 25IUDR (70 kBq/g) at different
stages of tumour. All the animals were maintained in the same environment and
observed for the growth of tumour. I25IUDR injections in the initial stages of tumour
have clearly shown the delay in tumour growth and better life span than control.

1.5 Radioimmunoassay of Aflatoxin : Aflatoxins are the major contaminants in
agricultural commodities. Presence of AFB | a proven carcinogen is the major cause
for rejection of exportable commodities. Immunoassays have gained popularity over
other conventional methods of analysis for aflatoxin. Development work on RIA for
aflatoxin was initiated.

Antiserum to aflatoxin was raised in rabbits by injecting AFB.-Bovine serum
albumin conjugate. Radiodinated AFB| was prepared by conjugating ' 5I-histamine to
AFB,-oxime by mixed anhydride method. The product was characterised by 'H NMR
spectroscopy. Purification was carried out by solvent extraction followed by TLC. The
product was characterised for radiochemical purity and immunoreactivity and found
suitable for use in RIA system

Antisera to aflatoxin collected upto six boosters were characterised for titre,
specificity and avidity to select the best antiserum to obtain a suitable assay system for
aflatoxin. The titre was >10 000, avidity constant was 101 L/M and crossreactivity was
negligible for all the antisera.

The assay system developed had a range of 0.2-5.0 ng/mL. Further work on
assay validation and sample analysis is taken up in collaboration with Food Technology
Division.

2. Isotope Tracer Techniques in Hydrology and Industry

2.1 Isotope Studies in Hydrology: The isotope study to investigate Origin
and age of groundwater along paleochannels (Saraswati river) in Jaisalmer district of
Rajasthan showed that direct head water connection to the ground waters in the study
area from present day Himalayan sources seems to be remote. Radiocarbon data show
that these groundwaters are largely paleowaters.

Isotope studies in arsenic affected aquifers in Murshidabad, Nadia and 24
Paraganas in West Bengal showed that the shallow zone groundwater upto ~100m
containing arsenic above permissible levels are of modern recharge. The deeper
aquifers are old waters and are free from arsenic.
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In two radiotracer experiments carried out to study the dilution and dispersion
of effluents off Worli coast, Mumbai, dilutions levels of 106-107 were observed.
Dispersion coefficients have been determined using 2 D advection dispersion model.

Radiotracer experiments carried out at Chaskaman dam ~60 Km from Pune
helped in establishing interconnection between the reservoir water and seepage water
downstream of the dam and delineate the seepage path.

2.2 Radiotracer Studies in Industry : A radiotracer study was carried out in the
Sludge Hygienisation Research Irradiator (SHRI) Vadodara to measure the circulation,
mixing time and flow rate of the sludge. The measured parameters could be used to
optimise the plant operation and improve the existing design of the irradiator.

Another radiotracer study was carried out to investigate residence time
distribution in a pump-mix mixer in Chemical Engineering Division. The results
showed that the mixer can be represented by two well mixed tanks of equal volume
with back flow between them. The design of the turbine impeller was suitable for
creating sufficient degree of mixing in the mixer.

2.3 Development of Nucleonic suspended sediment concentration guage :
A nucleonic suspended sediment concentration guage has been developed to

control dredging operations in harbours. The guage was calibrated in CWPRS Pune, in
concrete pits •*• as well in navigation channels at New Managalore port, New Mangalore.
During the field trials the guage performed satisfactorily, and promises to effect
considerable saving in dredging operations.

3. Radiation Processing

3.1 EB Crosslinkable formulations for wires and cables : Crosslinking of wire
& cables by high energy radiation using an electron beam (EB) accelerator constitutes
one of the most important commercial application of radiation technology. The process
results in a product that offers many advantages over chemically crosslinked cables viz.
higher operating temperature of 120°C, reduced thickness of the insulating material etc.
This is an energy saving process since crosslinking is done at room temperature and
offer very high throughputs. In collaboration with M/s Universal Cables, Satna,
EPR/EPDM based formulations that can be crosslinked using EB accelerator have been
developed to meet the specifications laid down by by Indian Railways for wire
insulation material to be used in high power diesel locomotives.

3.2 Temperature sensitive hydrogels : "Environmentally sensitive polymers" are
being probed worldwide as potential materials for novel applications such as
concentrating protein/enzyme solutions at room temperature. Crosslinked polymers,
produced by thermocatalytic methods yield slow reacting and less sensitive material
largely unsuitable for industrial use. EB irradiation was utilized to create
inhomogeneous crosslinking of a temperature-sensitive polymer- poly(vinyl methyl
ether) (PVME). This polymer forms a fast response hydrogel which undergoes a phase
transition at 37°C, and has a diffusion coefficient (D) value of slO"5 c m V as
compared to (D) = lx l (T 7 - lx l ( r 8 cmV for conventional hydrogels. These materials
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could be beneficial in reducing the energy requirements for a variety of applications,
such as concentrating biological or coal slurries. We have studied the use of these
hydrogels for concentrating dilute sewage-sludge (2% solids) from input line of Sludge
Hygienisation Research Irradiator (SHRI). lg gel could remove 9 to 12g of water from
25g of sludge, in ten cycles of 2 minutes swelling/shrinking cycle.

4. Isotope Techniques for Non-destructive Testing

4.1 Development of new techniques : Radiographic latitude techniques are used
to inspect a range of thicknesses, in a single exposure. Conventional techniques use a
combination of two films of different speeds and a high energy source. Experimental
studies have been carried out to develop a new technique to enhance radiographic
latitude using a single film with l92Ir source employing the property of intensifying
action of lead screens. The thickness range without screens was found to be 13-40 mm.
The technique developed can be used for a thickness range of 35-54 mm with front
screens and 50-74 mm of steel using double screens.

4.2 Gamma scanning of industrial process columns : Gamma scanning services
were provided for Depropaniser column, Quench oil tower, Heavy fuel oil stripper
column, Gasoline hydrogenation unit deoctanizer column, HCL column (VCM plant),
Dissolver Reactor, Stripper still pot reactor for M/s. Reliance Industries Limited,
Hazira, Naphtha stabiliser distillation column and Vacuum distillation tower for HPCL,
Mahul, Depropaniser column for Indian Petrochemicals Corporation Limited,
Nagothane.

Radiographic inspection of ethylene strainer for M/s. Reliance Industries
Limited, Hazira, and Radiographic testing of reconditioned hydrogen compressor head
cover plate of M/s Indian Petrochemicals Corporation Limited, Nagothane and
Radiometric testing of lead filled assemblies. For M/s. Bharat Electronics Ltd.,
Ghaziabad, were carried out.

4.3 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 window
comes under the export control regime there was concern for the availability of new
windows. In collaboration with Project Engineering & System Development Division
special fixtures and tools for extraction and assembly of the refurbished window were
fabricated and work was under taken to refurbish one fogged window.

The work involved extraction of old window from the cell, dismantling its
components, cleaning glasses, ramming of new lead wool, filling of new oil. The light
transmission in the assembled window was measured using He-Ne laser beam with help
from the Spectroscopy Division. The light transmission was observed to be 28% which
is satisfoctory. This window is now ready for installation in the hotcell. The experince
gained during this work will help in the refurbishment of such windows in the Indian
nuclear industry.

A coupling mechanism is designed to solve the 'cell conveyor jam problem' of
RAVI gamma irradiator in the Defence Laboratory, Jodhpur. Subsequent to the
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fabrication of the basic mechanism, guides are designed, fabricated and incorporated.
The mechanism is tested for a total of 350 trouble free operations.

5. Production & Fabrication of Radioisotopes and Radiation Sources

5.1 Irradiation services : During this period of report irradiation of the
following targets were carried out in reactors in Trombay for isotope production.

Targets (Nos.)

Reactor

CIRUS

DHRUVA

APSARA

Mo

1

62

-

Te

3
144

-

Co
Slug

s
648

-

-

Co
pellet

59

-

-

Ir

-

38

-

S

30

120

-

Misc.

13

169

-

Service
Irradiation

41

3

19

5.2 Production of radioisotopes
152

186Re, l53Sm were produced by irradiation of
Natural Re and enriched Sm targets in Dhruva for use in the preparation of

I86Tradiopharmaceuticals. The specific activity of the product was 0.7 Gbq/mg ofIO Re and
20 GBq/mg of l53Sm. Several radioisotopes like Zr, l40Ba, l03Ru etc. with half-lives
less than 1 year are produced by irradiation of natural uranium and supplied to BRIT.

S3 Production of radiation sources : More than hundred l37Cs radiation
sources with 1.5 GBq for brachytherapy and twelve sources with activity in the range
0.2 to 3.7 GBq were prepared and supplied to BRIT.

5.4 Development of I25I radiation sources for treatment of eye cancer : At
the instance of Shankara Netralaya Chennai a procedure has been standardised to
electrodeposit 70-100 MBq of 125I on 0.5 mm (<|>) 3.0 mm (1) silver wire. This iodine-
seeds in turn are encapsulated in 1.0mm x 5.0 mm (1) titanium tubes with 0.1mm wall
thickness by laser welding technique to produce I25I radiation sources for treatment of
eye canceer.

5.5 •32,

32

Development of "P coated coronary Stent for endovascular brachytherapy
Endovascular brachytherapy, is an exiting new field of great potential, in which

P a pure {$- emitter with a short half life 14 days is used to deliver (i radiation dose to
the coronary and peripheral arteries to minimise restenosis after angioplasty and
stenting.

An electrochemical technique has been standardised for coating 32P activity on
metallic stent. The coating has been quite adherent and the leach rate in saline solution
was less than 0.5% . R.P. & A.D. has authorised Nanavati Hospital to carry out clinical
trials for human implant of these stents. Twelve patients have been already implanted
with radioactive stents and the results have been quite encouraging. Multi centric
multicardiologist trials at various hospitals have been planned to generate data to obtain
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statistically reliable information to evaluate benefits of endovascular brachytherapy in
reducing probability of restonis after angioplasty and stenting.

5.6 Recovery of l37Cs : Characterization of different batches of granular AMP
synthesised at Fuel Chemistry Division, was carried out for its possible use in l37Cs
separation process. The exchanger stable in wide range of nitric acid concentrations was
selected for further investigations. The distribution ratios of Cs+ in nitric acid and
NH4NO3 solutions were determined. It was observed that Cs+ is strongly absorbed by
the exchanger in nitric acid from 0.2 M to 10 M solutions. At 4M NH4NO3

+ + 5M
HNO3 the distribution ratios are the lowest and can be used for eluting Cs+ from the
column. From the breakthrough curves the 10% breakthrough and total capacity were
determined and found out to be 4.0 mg/g and 7.5 mg/g respectively. The capacity of
Cs+ was determined by batch equilibrium method and was found out to be 10.0 mg/g .

5.7 Neutron transmutation doping of silicon : Time differential perturbed
angular correlation study of '" in implanted into n-type NTD doped <lll>Si was
carried out. " ' in was implanted into NTD doped <111> silicon crystal by heavy ion
recoil implantation technique using nuclear reaction l09Ag(7Li, p4n)' 'in in the
Pelletron accelerator at TIFR-BARC facility. Interaction frequencies were obtained by
fourier transformation of TDPAC spectra. The results show different types of
configuration of atoms in NTD doping method. The presence of a large number of
configurations around the probe atom indicates a nearly uniform distribution of
impurity element in matrix, which shows that in NTD there is homogeneous doping.

6. HUMAN RESOURCES DEVELOPMENT ACTIVITIES: Four RT-2
Training Course on Radiography Testing were conducted. Three at Regional Testing
Centre, Mumbai and one at Hindustan Shipyard Ltd, Visakhapatnam. Two RIA training
course were held in BARC Mumbai.

An IAEA fellow, Mr. Getnet Beyene Gebrie from Ethiopia, is undergoing a four
month training on the production and quality control of RIA.

7. Attendance in Conference/Seminar, CRP etc.:
1. Dr Meera Venkatesh and Dr. S. Banerjee attended the Radiochemistry and

Radiation chemistry symposium held at Calcutta in January, 1997.
2. Dr. Meera Venkatesh attended a consultants' meeting to formulate a Co-ordinated

Research Program on 'Development of radioimmunometric assays for tumour
markers' on invitation from the IAEA, 21-25, April, 1997 at the University of
Glasgow, U.K.

3. Dr M.R.A. Pillai worked as an IAEA Expert at a National training Course on
Radioimmunoassay conducted at Addis Ababa, Ethiopia, from 11-29 August,
1997.

4. Shri P.R. Unni attended a Regional Training Workshop on "Therapeutic
Radiopharmaceuticals" at Beijing, China from 22nd September to 3rd October
1997.
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5. Dr. (Mrs) M. A. Majali attended the "International Seminar on Recent Advances
in Radionuclide therapy" held at the Department of Nuclear Medicine of
SGPGMIS, Lucknow from 4-5, October 1997.

6. Dr. K. Kothari, Dr. Grace Samuel, Dr. S. Banerjee and Mrs. Aruna Korde
attended the 29th annual conference of the Society of Nuclear Medicine, India,
held at Chandigarh, from 16-19 November. 1997.

7. Dr. Meera Venkatesh attended a meeting on the Co-ordinated Research Program
on 'Development of radioimmunometric assays for tumour markers' from 9-13,
December, 1997 at IAEA, Vienna.

8. Dr. M.R.A. Pillai served as an IAEA expert to the Hot Lab Centre of the Egypt
Atomic Energy from the 6-19, December, 1997. The work involved expert advise
on production of RIA kits for thyroid hormones and user training. As part of the
mission he also visited IAEA to debrief about the mission.

9. Dr. M.R.A. Pillai has been selected as one of the fourteen Founder Fellows of the
"Indian College of Nuclear Medicine" the academic wing of the Society of
Nuclear Medicine, India. The Fellowship was awarded in the first convocation of
the College held at Chandigarh on 17th December, 1997 by the Vice Chancellor of
the Punjab University.

10. A co-ordinated research programme on the 'Development of radioimmunometric
assays of tumour markers' is awarded by IAEA. Dr. Meera Venkatesh, Smt.
Aruna Korde, Dr. M.R.A. Pillai, Shri. S.A. Balakrishnan, Dr. K. Bapat and and
Dr. A. Raste are the investigators in this CRP.

11. A co-ordinated research programme on 'Standardisation of the use of reactor
produced isotopes for the development of labelled bio-molecules for targeted
radiotherapy' was awarded by IAEA. Dr. M.R.A. Pillai, Dr. M.A. Majali, Dr. K.
Kothari, Dr. S. Banerjee, Shri. P.R. Unni, Shri. H.H. Shimpi and Dr. O.P.D.
Noronha are the investigators in this CRP.

12. Dr. S.M. Rao attended the second and final coordination meeting of IAEA/CRP
on Isotope techniques in Lake dynamic investigations at Revohot, Israel, 10-18
March 1997 and presented paper entitled 'Isotope studies on dynamics and
sedimentation in lake Naini, U.P., India'.

13. Shri K.M.Kulkarni delivered a lecture entitled 'Principles of isotope techniques in
Hydrology' and Dr.S.V.Navada presented a lecture on 'Application of Isotope
techniques for studying groundwater dynamics' in the IAEA/RCA National
Seminar on contaminant migration in deep groundwater'March 19-21, 1997

14. Dr. S.V. Navada attended the 8th ISMAS workshop on Mass spectrometry
(August 4-9, 1997) in BARC Training School Hostel and delivered a lecture
entitled 'Recent advances in mass spectrometric applications in Hydrology'

15. Dr. S.V. Navada attended the 1st National Seminar on Geoenvironmental
Indicators (21-22 August 1997) in department of Geology, University of Delhi,
New Delhi and delivered a lecture entitled 'Environmental isotopes as
geoenvironmental indicators of paleowaters'

16. Shri A.R. Nair and Dr. S.V. Navada attended a meeting on Reconstruction of
paleodrainage network of Western Rajasthan at Space Application Centre,
Ahmedabad on 9th September 1997.
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17. Dr. S.M. Rao attended the International Symposium on Emerging trends in
hydrology (25-28 Sept. 1997) at University of Roorkee and delivered a lecture
entitled 'Status of Isotope techniques in hydrology'

18. Shri A.V. Jadhav delivered two lectures "Production of Radioisotopes for
Brachytherapy" and "Preparation of Brachytherapy Sources" at the IAEA/RCA
Workshop on Production, Measurement and Quality Assurance of Brachytherapy
Sources held at BARC, during August 18-26, 1997.

19. Gamma Scanning technique was demonstrated at Indian Oil Corporation Ltd,
Haldia Refinery to the delegates of the DAE workshop on NDT Technology and
sealed sources applications during Feb 20 - 22, 1997.

20. Shri. G.C. Das attended the 11th RT-2 Course at Regional Testing Centre,
Mumbai during January 17 - February 13, 1997.

21. Shri Gursharan Singh attended 1st orientation programme of Technology transfer
and management. This programme was organised by Technology offer Centre of
DAE on 21.09.1997 at Homi Bhabha Auditorium, Anushakti Nagar.

22. Shri. Gursharan Singh gave an invited talk on 'Recent Trends in Penetrating based
NDT Techniques' on December 12, 1997 in the National Seminar on Non-
Destructive Evaluation for Life Extension' held by ISNT Hyderabad chapter
during December 11-13, 1997 and chaired the session on Radiography Testing at
the above seminar.

23. Shri Gursharan Singh attended the meeting at Engineers India Ltd, New Delhi, on
December 29, 1997 to discuss and review Gamma Scanning work carried out by
EIL and BARC, as per the requirement of MOU signed by BARC & Engineers
India Ltd, New Delhi.

24. Dr. S.M. Rao participated, on invitation, in the second International Conference
on Isotopes in Sydney, Australia, during October 12-17, 1997 and gave a planer
talk on Environmental Isotopic studies in Groundwater problems in the Thar
Desert, Inida.

Publications :

1. Frontiers in Radioisotope Applications (Invited lecture), Meera Venkatesh., Proc.
of the Symposium on Nuclear and Radiochemistry, Calcutta, 1997.

2. Synthesis of dl- HMPAO and Radiochemical studies with 99m Tc, Banerjee, G.
Samuel, K.Kothari, T. Ganguly, M. Venkatesh, M.R.A. Pillai, Proc. of Nuclear
and Radiochemistry Symposium, (1997) 275-276. Presented at the Symposium,
NUCAR-97, Calcutta

3. """Tc complexes of heptadentate Amine-pyrrole and Amine-thiophene ligands,
Samuel, S.Banerjee, S. Jurisson and M.R.A. Pillai, Proc. of NUCAR 97, held at
Calcutta, pp. 277-278.

4. mTc Complexes of Benzimidazole and Benzoxazole Ligands and their
biodistribution, Kothari, N. Rath, S. Manju, H.D. Sarma, K.C. Dash, M.R.A.
Pillai, Proc. of NUCAR 97, held at Calcutta, pp. 279-280.

5. Preparation and isolation of a homogenous 1251-cortisol derivative, Menon, G.
Samuel and S. A. Balakrishnan, J.Radioanal. Nucl. Chemistry, 220, (1997) 21-26
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6. Preparation of radiolabelled clonidine for use in radioimmunoassay, L. Bhalla, R.
Mathew, Grace Samuel, N. Sivaprasad, J. Radioanal. Nucl. Chemistry, 221,
(1997)93-95

7. Preparation of radiolabelled tracer for theophylline, L. Bhalla, R. Mathew, Grace
Samuel, N. Sivaprasad, J.Radioanal. Nucl. Chemistry, 220, (1997) 73-76

8. Preparation of 1251 labeled testosterone derivatives for use in radioimmunoassays,
Grace, V. Meera, S.A. Balakrishnan, and H.D. Sarma, Radioanal. Nucl. Chem,
223,83-87,1997

9. Radiolabeling of Alpha Methyl Tyrosine and its Uptake in Mice Brain, Aruna
Korde, Meera Venkatesh. H.D. Sarma, M.R.A. Pillai, Presented at the 29th
Annual Conference of the Society of Nuclear Medicine, India, Indian. J.Nucl.
Med, 12,175, 1997 (Abstract),

10. Synthesis and Radiochemical Studies of Amine Pyrrole Ligands with 99mTc,
Grace Samuel, S.Banerjee, H.D.Sarma, M.R.A. Pillai, Presented at the 29th
Annual Conference of the Society of Nuclear Medicine, India, Indian. J.Nucl.
Med, 12, 175, 1997 (Abstract)

11. Radiochemical Studies for the Preparation of 186/188Re-DMSA, Kanchan
Kothari, P.R. Unni, M.R.A. Pillai, Presented at the 29th Annual Conference of the
Society of Nuclear Medicine, India, Indian. J.Nucl. Med, 12, 169, 1997 (Abstract)

12. Synthesis and Radiochemical Studies of 99mTc Complexes of Polydentate
Amine-Oxime Ligands, S.Banerjee, Grace Samuel, H.D.Sarma, M.R.A. Pillai,
Presented at the 29th Annual Conference of the Society of Nuclear Medicine,
India, Indian. J.Nucl. Med, 12, 175, 1997 (Abstract)

13. Development Of Radioimmunoassay for Aflatoxin- Bl, Aruna Korde, S.
Banerjee, H.D. Sarma, Meera Venkatesh, A.K. Sharma, M.R.A. Pillai, Presented
at the 29th Annual Conference of the Society of Nuclear Medicine, India, Indian.
J.Nucl. Med, 12, 182, 1997 (Abstract)

14. Possible use of 186Re(V)DMSA as a radiotherapeutic agent: Pharmacokinetic
behaviour in normal rats, Shimpi, K Kothari, M.R.A. Pillai, O.P.D. Noronha,
A.M.Samuel, Presented at the 29th Annual Conference of the Society of Nuclear
Medicine, India, Indian. J.Nucl. Med, 12, 180, 1997 (Abstract)

15. Biological behaviour of 153Sm-EDTMP in animals, Shimpi, A.R.Mathakar, M.A.
Majali, M.R.A. Pillai, O.P.D. Noronha, A.M.Samuel, Presented at the 29th
Annual Conference of the Society of Nuclear Medicine, India

16. Indian. J.Nucl. Med, 12, 179, 1997 (Abstract), Phase changes caused by electron
irradiation, applied pressure and high temperature on hydrous manganese dioxide,
Rao,K.S.S Sarma,B.M. Pande, S.N. Vaidya and J.P.Shukla, Solid State Physics
(India), 40C, 339(1997).

17. Low Energy Gamma Radiography With Americium-241, G.C. Das, V.K.
Sharma & Gursharan Singh. Isotope Division, BARC, Paper presented at the
National Annual Conference - 1997 held at the Multipurpose Hall of BARC
Training School Guest House, Anushakti Nagar, Mumbai - 400 094 during March
5-6, 1997.

18. Gamma Ray Scanning of Large Diameter Refinery Vacuum Distillation Columns,
Second International Conference on Isotopes (2ICI) Sydney, Australia, October
12 - 16, 1997. T.K. Sarkar, R. Chawla, S. Banik, S.J. Chopra - Engineers India
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Ltd, New Delhi, G. Singh, H.J. Pant, P. Sreeramakrishnan, D.C. Dhar, P.N.
Pushpangathan, V.K. Sharma - Isotope Division, BARC

19. Radiography Testing of Asbestos and Carbon Based Composites with
Americium- 241 and X-rays, G.C. Das, V.K. Sharma, P. Sree Ramakrishnan &
Gursharan Singh, Presented at 'National Seminar on Non-Destructive Evaluation
for Life Extension' held by 1SNT Hyderabad chapter during December 12 - 13,
1997.

20. Drinking water salinity problem in coastal Orissa, India - Identification of past
transgressions of sea by Isotope investigations, K.M. Kulkarni, S.V. Navada,
A.R. Nair, S.M. Rao, K. Shivanna, U.K. Sinha, Suman Sharma, Presented at
International Symposium on Isotope techniques in the study of past and current
environmental changes in the hydrosphere and atmosphere, IAEA, Vienna, 14-18
April 1997.

21. Application of Nuclear techniques in carbonate rock aquifers : Field studies, K.M.
Kulkarni, K. Shivanna, Suman Sharma, U.K.Sinha, U.P. Kulkarni, A.R. Nair and
S.V.Navada, Proc. National Seminar on Hydrology of precambiran terrain and
hard rock areas, organised at Karnataka University, Dharwad, 3-5 February 1997

22. Application of isotopes to study karst hydrogeology, Ninad Bodhankar, K.M.
Kulkarni, S.V. Navada, S. Upadhyaya,U.K. Sinha and U.P. Kulkarni, Proc. Int.
Conf. Engineering Geology and the Environment, Athens, Greece, 1997,
A.A.Balkema Publishers, Rotherdam, The Netherlands, 1997.

23. Production of m I n by 7Li + (Nat)Ag for Perturbed Angular Correlation
Application, S.V. Thakare, B.S. Tomar, Radiochimica Acta, 76,25-28, 1997.

24. TDPAC study of n-type <111> Si made by NTD technique, S.V. Thakare, B.S.
Tomar, Proc. DAE Solid state physics symposium, held at Cochin University of
Science and Techno;ogy, Cochin, Dec. 27-31,1997, Vol. 40 C, pp. 206.

25. Implantation of " ' in in NTD <lll>Si by Heavy Ion Recoil Technique, S.V.
Thakare, B.S. Tomar, Proc. of ICARID-98, held at Mumbai, Feb. 4-6, 1998, pp.
61-63.
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LANDSCAPE & COSMETIC MAINTENANCE SECTION

Major Achievements

This section i s responsible for ae-int fining a clean And aesthetically

beautiful environntnt in this centre. During the year, landscaping wae dona

bj planting various shrubs, ground covers, lavn eraeeest etc* in epprozinfttdy

11*000 t<3*ct* area at Troebay. Ibout 50,000 tr«e fffplingp were frcwn in the

nursery and planted on Trc«bay Hille for Rfforcetation* 110 new varieties

of Hants were introduced. Technical Advice was given to various DUB Units

for landscaping-. Use rendered services as experts for judging various

exhibits of flower shows organised by the Bational society for Friends

of the Trees, Muabai Bose Society, Jrihanswaibui- Municipal Corporation, etc*
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L A S E R & P L A S M A T E C H N O L O G Y DIVISION

M a j o r 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 1997.

LASERS

Dye lasers are extremely useful for spectroscopic and photochemical
applications. Laser & Plasma Technology. Division has been to engaged in setting
up high repetition rate copper vapour laser pumped dye laser oscillator, amplifier
chains, with good output power, beam quality and symmetry. As a long term
objective, the use of water as a solvent for dye laser instead of alcohol was studied.
With suitable additives the lasing efficiency can be increased and made comparable
to alcohol medium. The thermal leasing effect was less with water than with
alcoholic solutions.

Laser photochemical studies have been carried out relating to carbon* 13 and
hydrogen isotope separation by selective IR laser chemistry. Two kinds of wave
guide reactors were investigated and also temporally modified CO2 laser pulses and
the effects of laser intensity, duration and pressure on selectivity and yield were
studied.

A number of analytical studies have been carried out to investigate optical
phase conjugation phenomena which occurs due to four wave mixing
electromagnetic waves in a non-linear medium. Some of the other studies are related
to stimulated Brilluoin Scattering and parametric instabilities in plasma. The
propagation of a laser beam through a resonant or near resonant medium can lead to
significant change in the temporal, spatial and spectral characteristics of the beam.
A heat pipe oven was set up to obtain vapour columns of 40-50 cm with typical
vapour density-path length products in the range 1017 - 1018 m^. A realistic
theoretical model for colh'sional relaxation of metastable levels in metal vapours has
been developed based on statistical theory of energy exchange. We have also
carried out analytical and experimental measurements of hyper-fine structure of
atomic lines and isotope shifts in radioactive elements. A special hollow cathode
discharge lamp has been developed in this connection.
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A lithium triborate optical parametric oscillator pumped at 355 nm was
designed and operated. The overall energy conversion efficiency was about 10%
with tunabiHty from 430 nm to 650 nm was achieved.

For the study of ultra high pressure shocks and high density high temperature
plasmas, a l-Joule/100 picosecond (10GW) Nd:glass laser has been developed. The
on-target laser intensity can be varied in the region of 1015 - 1018 W/m2 over spot
sizes less than mm. This corresponds to an ablation pressure 0.1-5 Mbar. A compact
surface roughness monitor has been fabricated using the surface reflection of laser at
a certain angle of incidence. The laser scan gauge described earlier, for measuring
diameters etc. has been further improved.

THERMAL PLASMAS

Studies on thermal plasmas related to the basic processes, development of
devices and technological applications were carried out. A variety of plasma devices
in the power range 30-300 kW operating both transferred and non-transferred arc
modes have, been developed. Some of the significant investigations carried out
during the period include stabilisation of arc using axial/vortex gas flows and
magnetic fields.

The major activity related to the development of high power plasma troches is
the development and characterisation of hollow electrode torches which is a recent
concept for generating inert, oxidising, reducing or reactive plasmas. The detailed
characterisation using magnetic stabilisation was carried out and the torch has been
operated upto 70 KW of power. Experiments were also carried out with
conventional rod-electrode, transferred and non-transferred arc torches to find out
heat transferred to a substrate as a function of torch-substrate distance at different
power levels. It has always been realised that for scaling up plasma devices, one has
to non-dimensionalise the parameters. Generalised current-voltage characteristics
and torch efficiency in terms of non-dimensional parameters were found and verified
experimentally. A digitising video camera system has been used to acquire and
process arc plasma images from DC transferred arc torches. Radial intensity profiles
have been determined. A modified atomic Boltzmann technique has been used to
spectroscopically determine the central-axis plasma temperature in a torch. The data
has been used to obtain the temperature profile across the arc.
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A significant achievement was die plasma spray coating of mild steel, split
mold for uranium casting. The alumina coating was satisfactory upto 17 heats, and
the major advantage is that it is reusable after sand blasting and re-coating. A single-
step process to produce Fe-TiC cermet coatings has been developed through plasma
spraying of ihnenite powder in a reactive plasma environment. Diamond-like carbon
coatings were developed on different substrates for tribological applications.
Controlled Environment Plasma Spray System was integrated during the year and
the operation of spray chamber with vacuum systems and torch & job manipulating
subsystems were checked. Trial spray operations have been carried out to check the
operation of the system.

A capacitively-coupled, diffusively-cooled, all-metal, RF discharge-based,
CO2 laser system has been developed. This discharge powered by an in-house built
500 W, 30.6 MHz RF power supply was operated in the pressure range of 1-100
torr. With an input RF power of 200 W, a lasing efficiency of 10% was achieved at
a pressure of 30 Torr.

LIQUID METAL MAGNETOHYDRODYNAMICS (LMMHD1:

The liquid metal magnetohydrodynamics (LMMHD) phenomenon is the study
of interaction of the flow of liquid metal in the presence of a magnetic field. Power
conversion systems based on LMMHD interaction can operate efficiently even with
low grade heat. During this year considerable computational work was carried out
for the design of a prototype LMMHD plant coupled to solar tower and incinerator
waste heat. The proposed system has water/steam as the thermodynamic fluid and
lead/lead-bismuth alloy as electrodynamic fluid. Under optimum conditions with a
thermal input of 4 MW a 4 loop system gives a conversion efficiency of 13.5%.

ELECTRON BEAMS:

Electron beam machines are characterised by high power densities ( >
lKW/mm2) and clean, high vacuum environment. This unique processing capability
has been utilised in the welding, melting and evaporation of reactive metals.

A 200 kW, 80 kV BB evaporation unit for strip beam generation was
commissioned. The individual units like chamber with vacuum system, electron gun,
high power dc source have been separately tested and integrated. The various
components of a transverse EB gun (12 kW, 12 kV) have been procured and are
being assembled. One of the significant parameters for electron gun heating of
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targets is the temperature changes and profiles on the targets. A digital temperature
profiler has been developed using the intensity of radiation. Also a computer code
was developed to study the thermal wave phenomenon due to periodic heat flux.

A number of job shop operations have been carried out using the in-house
built 150KV, 6KW EB welding unit. This included over 700 pieces of coronet
welding for Defence, porous metal electrodes, shut off plates for Kamini Reactor
etc.
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PUBLICATIONS AND PRESENTATIONS

PUBLICATIONS

1. Multiphoton dynamics related to two-colour, time delay, pump probe laser
molecule interactions with applications to a-NPO. B.N. Jagatap, W.J. Meath,
D. Tittlebach-Helrarich and R.P. Steer in 'Atomic and Molecular Physics', ed.
S.P. Khare and A. Kumar. Asian Journal of Physics Press (1997).

2. Hydrogen atom in intense laser fields, B.N. Jagatap, "Spectroscopy: Frontiers
and Perspectives", ed. A.P. Roy, (Narosa 1997) pp. 106-114.

3. Electronic Structure Calculations in Atoms, B.N. Jagatap, Atomic, Molecular
and Cluster Physics, Ed. S.A. Ahmad (Narosa, 1997) pp. 190-199.

4. Atomic Spectroscopy in Hollow Cathode Discharges and Heat pipe oven with
CW and Pulsed dye lasers, S.A. Ahmad, B.N. Jagatap and S.G. Nakhate,
Atomic, Molecular and Cluster Physics, Ed. S.A. Ahmad, Narosa (1997) pp.
96-113.

5. Coherence Chemistry: A new scenario in the control of chemical reactions,
B.N. Jagatap, in ISRAP Bulletin 1997.

6. Convective stimulated Brillouin scattering of obliquely incident laser light in
laser plasmas, G.P. Gupta and B.K. Sinha, Phys. Plasmas 4, 2653 (1997).

7. Effect of ionization and recombination coefficients on the charge-state
distribution of ions in laser-produced plasmas, G.P. Gupta and B.K. Sinha,
Phys. Rev. E 56, 2104 (1997).

8. "Studies of Graphite Surface after Laser irradiation", V.P.Singal, M.S.Anand,
B.S.Narayan and B.M.Pande, Bulletin of Materials Science, Vol.20, No.5,
Aug. 1997,pp.719-725.

9. "Studies on Laser Driven Shocks using Nd.Glass laser", LJ.Dhareshwar,
N.Gopi, C.G.Murali, B.S.Narayan and U.K.Chatterjee, Laser & Particle
Beams (1997), Vol.15, No.2, pp.297-316.

10. "Studies of graphite surface after laser irradiation", V.P.Singal, M.S.Anand,
B.S.Narayan and B.M.Pande, Bull. Mater. Sci., Vol.20, No.5, August 1997,
pp.719-725.

11. . Efficient multiphoton dissociation of CF2HCI in waveguide reactors with high
selectivity V. Parthasarathy, S. Sethi, L.M. Gantayet, P. Niiaya, D.J. Biswas,
N.V. Iyer, K.A. Rao and S.K. Sarkar, J. Photochem. Photobiol. A : Chem.,
110,11(1997)

12. CO2 laser induced IRMPD of 1,2 - Dichloro - 1,1 - difluoroethane : Time
resolved visible luminescence studies, K.K. Pushpa, A. Kumar, P.D. Naik,
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K.A. Rao, J.P. Mittal, V. Parthasarathy and S.K. Sarkar, Chem. Phys. Letters,
279, 172(1997).

13. Viable production venture involving laser chemistry, V. Parthasarathy and
S.K. Sarkar, ISRAPS Bulletin, 8,16 (1997)

14. Hydrogen isotope exchange between pentafluoroethane and water : Kinetics
and Equilibrium, A.K. Nayak and S.K. Sarkar, International J. Chem.
Kinetics, 29, 767 (1997 )

15. An Experimental Facility for Microwave Induced Plasma Processing of
Materials, D. S. Patil, K. Ramachandran, A. L. Bhide and N. Venkahamani,
Report: BARC/1997/E/025

16. Variation of axial temperature in thermal plasma jets, N.K. Joshi, S.N.
Sahasrabudhe , K.P. Sreekumar and N. Venkatramani, Meas. Sci. Tech.,
8(10), p. 1146-1150,1997.

17. Characterization of AI2O3, AI2O3+T1O2 Powder Mixture and Coatings
Prepared by Plasma Spraying., K.Ramachandran, V.Selvarajan,
P.V.Ananthapadmanabhan, K.P.Sreekumar and N.Ananthaseshan., Materials
Manufacturing Process, 12, No.5, (1997)

18. Studies on Spray Efficiency and Chemical Analysis and Density of the
Plasma Sprayed AI2O3 and its Mixtures with TiO2 Coatings.,
K.Ramachandran, V.Selvarajan, P.V.Ananthapadmanabhan and
K.P.Sreekumar., Plasma Devices and Operations 5, (1997)

19. Variation of Axial Temperature in Thermal Plasma Jets., N.K.Joshi,
S.N.Sahasrabudhe, K.P.Sreekumar and N.Venkatramani., Measurement
Science and Technology 8, 1146-1150 (1997).

20. "Problems encountered during operation and maintenance of indigenously
developed Electron Beam Welder - their solutions " by T.K. Saha, N. Maiti,
M. Mascarenhas, S.K. Chavan, P.Y. Khan, P.T. Raju, P.M. Varghese,
A.V.Bapat, A.K. Sinha and A.K. Ray, page C-281, Proceedings of National
Symposium on Vacuum Science and Technology and Power Beams, Vol.2,
Nov. 19-21, 1997, held at BARC, Mumbai organised by Indian Vacuum
Society and BARC.

21. "Strip Beam Gun Design by Computer Simulation", by N. Maiti, P.Y. Khan,
A.K. Ray and U.K. Chatterjee, Proceedings of the National Symposium on
Vacuum Science and Technology and Power Beams, IVSNS-97, VoI.-2, pp
255 -262, held at BARC, Mumbai during 19-21 November 1997.

22. "Hard Nitride Coatings by D.C. Magnetron Sputtering" by A.K. Ray, in
Surface Coatings for Advanced Materials, edited by R.P. Agarwala, Material
Science Forum, VoI-246, Trams Tecj Publications, 1997.
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INVITED LECTURES

1. B.N. Jagatap, Laser cooling and Bose Einstein condensation, Talk delivered
in "Advances in Condensed Matter Physics" organized by University of
Bombay, March 3, 1997.

2. B.N. Jagatap, Atoms and Molecules Intense Laser Fields, (Four talks)
Nonlinear Laser Spectroscopy; Concepts and Methodologies, (Three talks)
delivered in SERC School on Nonlinear Optics and Laser Spectroscopy, IIT
Delhi, March 10-15, 1997.

3. B.N. Jagatap. Bose Einstein condensation in dilute alkali vapours, Invited talk
in DAE Solid State Physics Symposium, Cochin, 26-31 Dec. 1997.

4. R. C. Khattar delivered invited talk given at Tarapur Atomic Power Plant to
Security Officers on "SECURITY INSTRUMENTS", Feb. 1997.

5. S.K.Sarkar on Selective IR laser chemistry of light isotopic species at Kyoto
Institute of Technology, Japan, December 1997.

6. Gantayet, L. M., 'Safety Related Instrumentation and Equipment', Workshop
on Safety Reports, December 3-5,1997, Central Labour Institute, Mumbai

7. N. K. Joshi Delivered a lecture on Spectroscopic diagnostics of thermal
plasmas', Dept. of physics, Pune university, Pune (Oct. 24, 1997).

8. N. K. Joshi Delivered a lecture on Thermal plasma diagnostics', 7 th
refresher course 'Aspects and recent trends in Experimental and Theoretical
Physics', Dept. of Physics, University of Bombay, (Mar. 15, 1996).

9. N. Venkatramani, 'Plasma processing of Materials' in Workshop on Ion
Beam Processing of Materials, Pune, Feb 17-21,1997.

10. N. Venkatramani, Plasma Generator for High Intensity Aerosols., Seminar on
Aerosols: Generation and Role in Medicine, Industry and Environment.,
Mumbai, January 1997.

11. N. Venkatramani, 'Heat Transfer in Thermal Plasmas', Third ISHMT-ASME
Heat & Mass Transfer Conference, Kanpur December 19-21,1997.

12. A.K. Ray, "Electron Beam Processing of Materials", delivered talk at
PLASMA-97 held at Physical Research Laboratory, Ahmedabad, during 3-5
December 1997.

SYMPOSIA PRESENTATIONS

1. Resonance Ionization Spectroscopy as an Analytical Tool in the Thorium
Utilization Programme, B.N. Jagatap, L.M. Gantayet and U.K. Chatterjee,
Paper presented in the special session "Thorium Utilization for Nuclear
Energy" in the XIIISAS National Symposium, Feb.20-22,1997, Kottayam.
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2. Studies on electronic to translational energy relaxation by laser absorption
spectroscopy in a pulsed hollow cathode discharge, B.N. Jagatap. G.K.
Bhowmick and S.A. Ahmad, Paper in the European Group of Atomic
Spectroscopists Conference, Berlin, 1997. .>t

3. Excitation control via interference between one- and two- photon transitions,
B.N. Jagatap. National Laser Symposium, Ahmedabad, Dec. 11-14 1997.

4. Kinetics of vapour relaxation by laser absorption spectroscopy in a pulsed
hollow cathode discharge, A.Tak, G.K. Bhowmick, B.N. Jagatap and S.A.
Ahmad, National Laser Symposium, Ahmedabad, Dec. 11-14 1997.

5. Digital Temperature Profiler for Studies in Electron Beam Heating,
S.S.Thattey, K.B.Thakur, D.Das, P.N.Bajaj, G.K.Sahu, R.V.Tamhanker and
U.K.Chatterjee, National Symposium on vacuum science & technology and
power beams, Nov. 19-21, 1997

6. Development of Strip Electron Gun and its Parametric Studies, G.K.Sahu,
K.B.Thakur, D.Das, M.Mascarenhas, R.V.Tamhanker and U.K.Chatterjee,
National Symposium on vacuum science & technology and power beams,
Nov. 19-21,1997

7. Digital Temperature Profiler for Studies in Dynamic Nozzle formation on
liquid metal pool during electron beam Evaporation, S.S.Thattey,
K.B.Thakur, D.Das, P.N.Bajaj, A.Awasthi, G.K.Sahu, R.V.Tamhankar, and
U.K.Chaterjee, Symposium on Advances in Nuclear and Allied
Instrumentation, Feb. 5-7, 1997.

8. Convecrive growth of stimulated Brillouin scattering in a flowing
homogeneous plasma, G.P. Gupta and B.K. Sinha, Proc.l2th Nat. Symp. on
Plasma Science and Technology, Gandhinagar (.1997).

9. Effect of ion-acoustic wave damping on the reflectivity of the phase conjugate
wave in a laser plasma, G.P. Gupta and B.K. Sinha, Proc. 12th Nat. Symp. on
Plasma Science and Technology, Gandhinagar (1997).

10. "Effect of Laser Irradiation on Nickel Coated Crystalline & Amorphous
Graphite, V.P.Singal, B.S.Narayan, U.K.Chatterjee, K.Kutty and B.M.Pande,
National Laser Symp., CAT, Indore 6-8 Feb. 1997.

11. "A 1J/100 psec, 10 Gigawatt Nd:glass laser for laser shock studies", N.Gopi,
B.S.Narayan, C.G.Murali and L.J.Dhareshwar, Advances in High Pressure
Science and Technology, Proc. of 4th National Conference on High Pressure
Science and Technology, Sept. 1997, pp.99-104.

12. "Development of a 1 J/100 psec, 10 Gigawatt Nd:glass laser for laser-plasma
interaction studies", N.Gopi, B.S.Narayan, C.G.Murali, L.J.Dhareshwai,
Proceedings National Laser Symposium, pp.77-78? Dec. 1997.
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13. Generation and applications of ultra-high pressure laser driven shocks",
L.J.Dhareshwar, N.Gopi, B.S.Narayan, Fourth National Conference on High
Pressure Science and Technology, Sept. 11-13, 1997, Proceedings of
Advances in High Pressure Science and Technology, pp.87-92.

14. Characterisation of a laser scan gauge" by A.S.Rawat, U.C.Bhartiya,
R.C.Khatter has been presented in the "Laser Application In Material Science
And Industry" 1997 at Kalpakkam in February 1997. The presentation was
declared prized one.

15. Surface roughness measurement using laser, by A.S.Rawat, U.C.Bhartiya,
R.C.Khatter has been presented in the symposium on Vacuum Science &
Technology And Power Beams-97 at BARC, Mumbai during November 19-
21,1997.

16. "Design and fabrication of an indigenous compact flowing type tunable CW
Argon-ion Laser", A. Pandey, N. Govindarajan & U. K. Chatterjee,
Proceedings of National Laser Symposium, Feb.-1997, CAT, Indore.

17. "Effects of axial magnetic field on the performance of indigenously developed
sectionatised Argon-ion Laser", A. Pandey, N. Govindarajan & U. K.
Chatterjee, Proceedings of National Laser Symposium, Dec-1997, PRL,
Ahmedabad.

18. "Transient gratings at two photon excitation for the study of deep levels in
narrow gap semiconductors", P.Deb, Proceedings of NLS Ahmedabad
(1997).

19. "Four wave mixing in InSb with TEA CO2 laser", P.Deb, Proceedings of
NLS Ahmedabad (1997).

20. Selective isotopic photochemistry of Pentafluoroethane : effect of laser pulse
width, R.S.Karve, V.Parthasarathy and S.K.Sarkar, National Symposium on
Radiation and Photochemistry, Andhra University, Visakhapatnam, Jan 8-10,
1997

21. CO2 laser induced IRMPD of l,2-dichloro-l,l-difluoro-ethane : time
resolved visible luminescence studies, K.K.Pushpa, A.Kumar, P.D.Naik,
K.A.Rao, J.P.Mittal, V.Parthasarathy, and S.K.Sarkar, National Laser
Symposium (NLS-97), CAT, Indore, Feb. 6-8,1997

22. Generation and application of short CO2 laser pulses for IR laser chemistry,
Sanjukta Nad, V. Parthasarathy and S.K. Sarkar, National Symposium on
Vacuum Science and Technology and Power Beams, BARC, November 19-
21, 1997.

23. Digital temperature profiler for studies in dynamic nozzle formation on liquid
metal pool during electron beam evaporation, S.S. Thattey, K.B. Thakur, D.
Das, P.N. Bajaj A. Awashti, G.K. Saliu, R.V. Tamhankar and U.K.
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Chatterjee, Proceedings of the Symposium on Advances in Nuclear and
Allied Instrumentation, BARC, Mumbai, February 5-7, 1997, pp. 359.

24. Digital image analysis for Resonance Ionization Spectroscopy, S.S. Thattey,
B.M. Sun, P.N. Bajaj and Vasdev, National Laser Symposium 1997, CAT,
Indore, February 6-8,1997, pp. 236.

25. 'Study of Heat Transfer under Periodic Concentrated Energy Beam (CEB)\
Proceedings of Third ISHMT-ASME H & M Transfer and Fourteenth
National H & M Transfer, ed.Sethi, S.; Singh, R. K.; Gantayet, L. M. &
Chatterjee, U. K., G. Biswas, S. Srinivasa Murthy, K. Muralidhar & V. K.
Dhir, pp 967-972, IIT, Kanpur, December29-31, 1997.

26. 'Study of Evaporation of metal under periodic Concentrated Energy Beam',
Proceeding of National Symposium on Vacuum Sciences & Technology and
Power Beams, ed. Sethi, S., Gantayet, L. M., Chatterjee, U. K., Singh, R. K.,
Kushwaha, H. S. & Venkataraj, V., N. Venkataramani & A. K. Ray,
ppC297-C304, BARC, Mumbai November 19-21, 1997.

27. ' Numerical Simulation of Free-Jet Expansion of Metal Vapour', Proceedings
of Third ISHMT-ASME H & M Transfer and Fourteenth National H & M
Transfer, Mukherjee, J.; Gantayet, L. M. & Kumar, V., ed. G. Biswas, S.
Srinivasa Murthy, K. Muralidhar & V. K. Dhir, pp 973-978, IIT, Kanpur,
December 29-31, 1997.

28. 'Three Dimensional Thermal Radiation Heat Transfer analysis of a Vacuum
chamber for Material Processing', Proceedings of Third ISHMT-ASME H &
M Transfer and Fourteenth National H & M Transfer,Mishra, K. K.; Bhasin,
V.; Gantayet, L. M.; Kushwaha, H. K., ed. G. Biswas, S. Srinivasa Murthy,
K. Muralidhar & V. K. Dhir, pp 535-540, IIT, Kanpur, December29-31,
1997.

29. 'Study of Underside Condensation of Liquid Metal on a Partially Wettable
Substrate', Proceedings of Third ISHMT-ASME H & M Transfer and
Fourteenth National H & M Transfer, Mukherjee, J.; Mishra, K. K.;
Gantayet, L. M. & Menon, S. V. G., ed. G. Biswas, S. Srinivasa Murthy, K.
Muralidhar & V. K. Dhir, pp 579-584, IIT, Kanpur, December29-31, 1997.

30. 'Process Modeling of Physical Vapour Deposition Reactor' Proceedings of
Symposium on Advances in Chemical Engineering-97,Anupama, P., J.
Mukherjee, Sethi, S., Mishra, K. K. & Gantayet, L. M, ed. B. Bhattacharjee,
B. M. Mishra, V. K. Tangri, M. S. Krishnan, S. K. Ghosh, S. K. Malhotra,
pp45-52, BARC, Mumbai, October 22-24,1997.

31. "Development of Dense Plasma Sources of the Rod and Hollow Elecrode
Type" Proc. National Symposium on Vacuum Science and Technology and
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Power Beams, Eds, Das A. K. , . N. Venkatramani & A. K. Ray, 1, 45,
1997.

32. "Electrothermal Efficiency of a 40 kW DC Non-Transferred Arc Plasma
Torch for Vacuum Spraying", Proc. National Symposium on Vacuum Science
and Technology and Power Beams, Eds. A. M. Paingankar, K. P. Sreekumar,
A. K. Das, V. S. Shirodkar and , N. Venkatramani & A. K. Ray, 2, C386,
1997.

33. "Design Development of Hollow Electrode Non-Transferred Plasma Beam
Devices at BARC" Proc. National Symposium on Vacuum Science and
Technology and Power Beams, Eds. P. S. S. Murtliy, A. K. Das, and N.
Venkatramani, N. Venkatramani & A. K. Ray, 2,C349,1997.

34. Two-phase steam and high density liquid metal vertical flow studies in
LMMHD power conversion system, P. Satyamurthy, N. Venkatramani, A. M.
Quiraishi and A. Mushtaq, 4 th National Heat and Mass Transfer Conference
and 3rd ISHMT / ASME and Mass Transfer Conference, Kanpur, December
29-31,1997.

35. Effect of longitudinal magnetic field on void fraction profiles in the riser of a
liquid metal MHD energy conversion system of gravity type, P. Satyamurthy,
N. S. Dixit, T. K. Thiyagarajan, R. Grover, M. Demello and N.
Venkatramani, 3 rd International Conference on ' Tranfer Phenomena in
Magrtetohydrodynamic and Electroconductiong Flows', September 22-26,
1997, Aussois, France.

36. Plasma Deposition of Hard Carbon Coatings, D. S. Patil, K. Ramachandran,
N. Venkatramani, M. Pandey, S. Venkateswaran and R. D'Cunha, Presented
during the National Synposium on Vacuum Science and Technology and
Power Beams, Mumbai, November 19-21, 1997. Published in the
Proceedings vol. 2, p. C-115 to C-123.

37. Diamond and Diamond Like Carbon Coatinngs for Various Applications, K.
Dua, V. C. George, D. D. Pruthi, C. G. S. Pillai, P. Raj and D. S. Patil, K.
Ramachandran, N. Venkatramani, Proceedings of the International
Conference on "Industrial Tribology", ICIT-97, Calcutta, Dec. 2-5,1997.

38. Heating of spray particles in a fluctuating plasma jet, S.N. Sahasrabudhe, D.
N. Barve, N.K. Joshi,, K.P. Sreekumar and N. Venkatramani, 12 th Nat.
Symp. on Plasma Science and Technology (Plasma 97), Dec. 2-5, 1997, IPR,
Ahemadabad.

39. Production of Thermal Spray Quality Metal and Alloy Powders by Plasma
Processing. P.V.Ananthapadmanabhan, K.P.Sreekumar, N.Venkatramani
and Patrick R. Taylor., EPD Congress 1997, (ed.) B. Mishra, TMS
Warrandale, p 209
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40. Plasma Generator for High Intensity Aerosols., N.Venkatramani,
K.P.Sreekumar. P.V.Joshi and B.K.Sapra., Seminar on Aerosols:
Generation and Role in Medicine, Industry and Environment., Mumbai,
January 1997.

41. Thermal Plasma Processing of Ilmenite Ore P.V. Ananthapadmanabhan,
K.P.Sreekumar, N.Venkatramani and Patrik R.Taylor., Proceedings of
Nat.Symp. on Vacuum Sci & Tech.and Power Beams, pp C-335, IVSNS-97,
BARC, Mumbai. (1997)

42. Performance of a Plasma Plasma Torch for Spraying. Correlation Between
Parameters., K.P.Sreekumar, P.V. Ananthapadmanabhan, A.M. Paingankar
and N.Venkatramani., Proceedings of Nat.Symp. on Vacuum Sci & Tech.and
Power Beams, pp C-342, IVSNS-97, BARC, Mumbai. (1997)

43. Electrothermal Efficiency of a 40kW dc Non-transferred Arc Plasma Torch
for Vacuum Spray System., A.M. Paingankar, K.P.Sreekumar, A.K. Das,
V.S. Shirodkar and N.Venkatramani., Proceedings of Nat.Symp. on Vacuum
Sci & Tech.and Power Beams, pp C-386, IVSNS-97, BARC, Mumbai.
(1997)

44. "Electrical characteristics of a capacitively coupled RF discharge in a CO2

laser gas mixture" D.P.Chakravarthy, N.K.Joshi, M.S.Madanmohan and
U.K.Chatterjee,, National Laser Symposium, CAT Indore, 6-8, Feb 1997

45. A low power capacitively coupled RF excited slow flow CO2 laser,
D.P.Chakravarthy, N.K.Joshi, M.S.Madanmohan, N.Venkatramani and
U.K.Chatterjee, , National Symposium on Vacuum Science & Technology
and Power Beams, BARC, Mumbai, 19-21 Nov 1997

46. Current and voltage characteristics of a CCRF discharge in N2 gas and CO2

laser gas mixture N.K.Joshi, D.P.Chakravarthy and M.S.Madanmohan,, 12th
Nat. Symp. on Plasma Science and Technology, IPR,Bhat, Gandhinagar, 2-5
Dec 1997

47. PC Based Data Acquisition and Control of Laser Doppler Anemometry
System, R.S.Haval and S.N.Sahasrabudde, Symposium on Advances in
Nuclear and Allied Instrumentation, February 5-7,1997.

PROFESSIONAL RECOGNITION

1. Dr. N. Venkarramani, Convener, National Symposium on Vacuum Science,
Technology & Applications and Power Beams (IVSNS-97), Mumbai,
November 19-21, 1997.
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2. Dr. N. Venkatramani, Guest Editor, Special Issue on Plasma Physics, Physics
News, Bulletin of the Indian Physics Association.

3. Dr. B.N. Jagatap, Convener of the IPA seminar on "Physics with cooled and
trapped atoms and ions" to be held in BARC during March 5-6,1998.

4. The paper "Development of strip electron gun and its parametric studies", by
G.K.Sahu et.al. presented in National Symposium on Vacuum Science &
Technology and Power Beams, 19-21 Nov. 1997 was selected as best paper
and conferred with Ambashankaran Award.

216



LIBRARY & INFORMATION SERVICES DIVISION

Major Achievements

Library and Information Services Division has got the necessary
infrastructure and facilities including electronic information systems to meet
the information requirements of all the scientists and engineers in BARC and
other institutions under the Department of Atomic Energy. The infrastructure
includes a science and technology library - one of the most comprehensive and
the biggest of its kind in Asia - with a total collection of about a million
documents including about a hundred thousand books. The collection in the
library covers the latest publications on nuclear science and technology,
engineering, computers, controls and communications, electronics, robotics,
materials science, physical, chemical, environmental and life sciences, medicine,
agriculture, industry, etc.. The library subscribes to about 1,300 journals mainly
in the advanced areas of science and technology.

The electronic information facilities available in the library were
augmented. 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, BIOSIS, ISMEC, INSPEC, PC-PDF,
METADEX, CURRENT CONTENTS, HUMAN CYTOGENETICS,
CHEMICAL ABSTRACTS and ASTM Standards. A local area network was
established for the CD-ROM facilities for access. At present a maximum of
50 users can access the databases at a time. About 40 nodes have already
been provided to various users at their work places for access to CD-ROM
facilities, besides providing nodes at strategic locations in the Central Library.
Access to the CD-ROM network has been provided for Nuclear Power
Corporation, Heavy Water Board, ISOMED, Radiation Medicine Centre, AERB
etc. A number of nodes were also provided to users at Central Library for
access to Internet. Plans are underway to augment the network in order to
increase the speed of access, and to install more databases in the CD-ROM
facility. 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. Preliminary discussions are being held
to integrate library facilities of IGCAR, TIFR and TMC with that of BARC
Library as part of the resource sharing program of DAE facilities and to reduce
expenditure being incurred in acquisition of journals and books.

, i . . .

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. Online searches
were also carried out 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 News 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
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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.

During the year the national INIS centre in Library & Information
Services Division submitted nearly 2,000 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 was
taken up and at present six institutions are subscribing to INIS database on
CD-ROM through BARC.

An information scientist from Uzbekistan was trained in the Division
on various aspects of INIS record preparation and database creation techniques
under an IAEA fellowship.
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MEDICAL DIVISION

Major Achievements

1. BARC Hospital and Dispensaries

The CHSS at present covers 72000 beneficiaries. BARC
Hospital and the peripheral dispensaries continued to extend
therapeutic and diagnostic facilities to the beneficiaries
and 4,52,900 patients were treated in these dispensaries
during the period of report. The bed strength in BARC
Hospital is 172 which is going to be extended by an addition
of 90 beds in the newly commissioned wing. A total number of
7376 cases were admitted in the hospital during the period.
1321 surgical operations, 1348 gynaecological operations, 126
ENT operations and 608 ophthalmic operations were performed.
Outpatient attendance in the various OPDs was 93070. 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 1,91887 and 22940 respectively. Dental
care rendered in BARC Hopital and Anand Bhavan and Trombay
clinics were 25682. The Social service section rendered
assistance to 13988 patients.

2. Family Welfare Programme and Immunisation Status

Active family welfare programme was continued during the
year. 183 Medical Termination of Pregnancy <MTP) and 201
permanent sterilisations were carried out. The infants
addition to the scheme was 615 and the birth rate was found
to be 8.54 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. During the
period of report around ten children were admitted. In the
newly started Audi logy and Speech Therapy Unit 2380 patients
were treated.

3. Occupational Health

The Trombay Dispensary continued its occupational
Health activities in addition to routine medicare. 42217
cases were treated during the period of report. Periodic
medical examinations and initial medical examinations were
carried out on a regular basis. 3084 periodic medical
examinations and 217 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 services as a part on tMinth Plan. These are (i) Surgical
ICU, <ii) Infertility Clinic in Gynaec Dept., (iii)
Equipments for Phaco, FF angiography, Vitreo retinal Surgery
and Audio Refractometer in Ophthalmology Unit, (iv> C-Arm,
PFT machine, Ventilator, AKD equipments for Medical Unit, <v>
Dental Workstation and Lab.expansion, <vi> CT and other
equipments for Radiology, <vii) Pathology equipments
upgradation and <i;<> a fully computerised network system of
computers with Internet facility.
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MATERIALS PROCESSING DIVISION

Major Achievements

1. Production of Nuclear Grade Calcium Metal :

Calcium metal is an important chemical reductant for the preparation of nuclear
and rare earth metals and is also used in advanced solid state batteries.
Experimentation on vacuothermal reduction of calcined lime with aluminium and
vacuum distillation of electrolytic calcium has been carried out. Vacuum
distillation of crude electrolytic calcium (92% purity) has given encouraging
results with = 70% yield of 99.4% pure calcium.

2. Alloys, Intermetallics and Composites

Intermetallics and dispersion type systems possess excellent high temperature
properties for advanced applications. Iron aluminide based alloys have been
prepared through aluminothermic smelting of mixed oxides and analysed. The
results have confirmed the formation of Fe3Al based alloy having 10-12% Al, 0.5-
0.6%V and 6-7% Cr.

Electrodeposition of Ni-B4C composite coatings has been carried out. The
volume fraction of boron carbide in the deposit was found to increase with the
increase in B4C in bath loading. Microhardness of the composite coatings
improved with the increase in B4C content and also after the heat treatment of the
coated samples.

Ni-Cu alloys of monel type containing ~30 wt% Cu are corrosion resistant in
various media, especially in sea water. Electrodeposition of such Ni-Cu alloys
using pulse electrolysis has been studied. The effect of varying peak current
density, pulse frequency, pH and duty cycle has been investigated on the
appearance, composition and adherence of the coatings. High current efficiency
ranging between 82-93% has been obtained. Preliminary experiments on Cu/Ni
compositionally modulated multilayers have been conducted. Oxidation
behaviour of electroformed composite coatings on nickel with 2 and 4 wt%
chromium carbide was evaluated.

3. Refractory Metals Processing :

Ductile grade pure vanadium is required for use in development of specific
function alloys. While aluminothermic reduction followed up with fused salt
electrorefining has already been established, other alternate processes are also
being studied. Low nitrogen thermit vanadium has been prepared by inert
atmosphere aluminothermic reduction of V2O5. V2C has been prepared for electro
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extraction of vanadium and silicothermic route is also being studied for the
reduction of V2O5. The crude 84.5% vanadium prepared by this route was
purified by fused salt electrorefining from a LiCl-KCl-VCl2 bath at ~ 650°C.

A systematic investigation for sacrificial deoxidation of niobium and tantalum has
been taken up. Alloys containing 0.2% oxygen have been prepared and
deoxidised in electron bombardment furnace at 2000°C under controlled
condition. Silicon deoxidation of niobium is being studied by preparing various
Nb-Si-O alloys.

Work on development of Al-Ti-B master alloys and Nb-Hf-Ti alloy has been
continued. For the former alloy, reduction of KBF4 by aluminium and
subsequent addition of titanium has been explored. For Nb-Hf-Ti alloy, alumino
thermic reduction of mixed oxides has been carried out to improve loading of
titanium. A near targetted loading of Nb and Hf has been attained.

4. Components for Neuton Sensors :

The neutron sensors for incore flux monitoring utilise stainless steel or titanium
anode with an adherent overlay coating of enriched uranium oxide. Regular
production of stainless steel and titanium anodes coated with UO2 from complex
oxalate bath has started. Nearly fifty number of coated titanium anodes have been
supplied to ECIL, Hyderabad, for integrating with the instruments for neutron
flux monitoring in TAPS. Another type of neutron sensors based on coating of
boron on aluminium have been prepared by electrophoretic deposition technique
using stable suspensions of fairly ground amorphous natural boron in a suitable
organic media. A few pieces of these sensors have been fabricated for final
characterisation of the properties of the sensors. It is also proposed to carry out
further tests with enrich B isotopes.

5. Advanced Materials Processing Techniques :

Considerable progress has been made in processing of surface engineered and
coated materials. Process for making electroless nickel coated mirrors for use in
laser cavities has been standardised. Soft nickel electroplating was carried out on
over Pressure Relief Device Cover Plate of TAPS-1 to check the leakage of
helium cover gas. Electrodeposited black nickel coatings have been developed
for use as solar absorbers. Effect of chromium plating on hydrogen embrittlement
of A2 type tool steel has been studied. Anodisation work on beryllium has been
taken up on request from the Beryllium Machining Facility.

Preliminary studies on preparation of coated carbon spheres have been carried
out. 40 KW dual frequency induction furnace and high temperature tantalum
furnace are nearing commissioning. A super plastic forming facility has been
assembled for studying super plastic deformation behaviour of zirconium alloys.

The effect of sintering temperature and furnace atmosphere on the
superconducting properties of bismuth based powders of different composition
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has been studied. The sintering conditions were optimised and used for
fabrication of wires and tapes by powder in tube (PIT) process. A low pO? gas
atmosphere has been found to be beneficial for reducing the sintering temperature
by ~ 15°C. Synthesis parameters for obtaining single phase LiNbO3 powder and
hydrooxylapatite powder have been delineated. A near theoretical yield for HA
powder was obtained through suitable modifications in the chemical processing
for obtaining crystalline precipitates which obviated the need for centrifuging or
refluxing operations. PMN and PFN relaxor ferroelectrics have been synthesised
which have yielded dielectric constants ~ 10000.

Modifications in the hot press furnace design have been carried out to attain a
temperature of 2000°C suitable for sintering of boron carbide and other refractory
materials. In addition, a table top self resistance heating system for sintering of
mixed titanium chromium boride has been designed.

6. Processing of Primary & Secondary Resources :

A programme for recovery of base metals from sea nodules has been initiated.
Basic solvent extraction data has been generated. Equilibrium isotherm for Cu in
presence of Co and Zn using 50% saponified DEHPA containing 5% tributyl
phosphate and for separation of nickel and cobalt using 0.5M PC 88 with 5% TBP
have been established. Parameters for Zn and Cu extraction and Co/Ni separation
have been optimised. Based on these data, a mixer-settler assembly has been
designed and farbicated for bench scale trials. Extraction of nickel from the
nickel bearing raffinate is also being studied.

Cupric chloride leaching process has been developed for recovery of Ni and Co
from Alnico waste. The leaching process was modified to include iron removal
step. It has been possible to obtain pure nickel and cobalt salts.

7. IX Plan projects :

IX Plan project reports on Advanced Materials Processing, Superconductivity and
Cryogenics and Anomalous Behaviour in Metal-Hydrogen Systems have been
prepared. These projects have been approved and relevant infrastructural
development for carrying out these programmes are being pursued. The division
continued to provide services to BARC divisions and other organisations in the
field of melting, refining, rolling, ion thinning XRD, coatings and property
evaluation.

8. The book entitled "Fluid Bed Technology in Materials Processing" by Dr. C.K.
Gupta and Dr. D. Sathiyamoorthy has been submitted to CRC Press, USA, for
publication.
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J-l Reduction-dissolution of Cobalt oxide in Acid Media : A Kinetic Study
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J-l 1 A comparative Study on Thermal Decomposition of Ammonium paratungstate in
Batch and Fluidised Bed Reactors
P.K. Tripathi, S.P. Chakraborty, I.G. Sharma and D.K. Bose
J. Industrial and Engineering Chemistry Research (American Chemical Soc.)
V.36, No. 9, pp.3602-3606, 1997

J-l2 Mathematical modelling of a ternary system for determining the critical size ratio
in a chemically reacting condition
Smt. R. Venugopalan, D. Sathiyamoorthy and H.S. Gadiyar
Communicated for publication in Powder Technology Journal

J-l3 Intermixing of Fluidizing gas Streams in a Compartmented Circulating Fluidized
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B. Bhattacharya, D. Sathiyamoorthy, V. Govardhana Rao and S.P. Mahajan
Published in Chem. Engg. Technol 20 (1997) 1-11

PUB LICA TIONS / PRESENT A TIONS:

P-l A mathematical Model to Characterise the Dissolution of Sulfides in CuCb-CuCl-
FeCl3-NaCl-HCl-H2O System : Cupric Chloride Leaching of Synthetic NiS.
R.C. Hubli, T.K. Mukherjee, S. Venkatachalam, R.G. Bautista and C.K. Gupta
Proceedings of TMS Annual Meeting, EPD 1997, Orlando, Florida, Feb. 9-13,
1997

P-2 Principles of Fluidisation (Invited Paper)
D. Sathiyamoorthy
Proceedings of Seminar on Chemical Engineering Operations in Metallurgical
Processes (CEMP-96), IIM (Mumbai Chapter), 1996, D-l to D-17

P-3 Studies on Preparation of UF, through Electrolytic Reduction of U (VI) to U (IV)
R. Sadanandam, M.F. Fonseca, N.K. Menon, S.K. Tangri and T.K. Mukherjee
Presented in ICRAMP-97, Bangalore, July 1997

P-4 Recovery of Silver from Spent Photographic Fixing Solution by Solvent
Extraction
K. Bhtaatacharya, M.F. Fonseca, S.K. Tangri and T.K. Mukherjee
Ibid

P-5 Hydrometallurgical Process for extraction of Molybdenum
P.P. Shukla, S.K. Tangri, A.K. Suri and C.K. Gupta
Int'l. Conf. On Separation Technology : Separation for Clean Production,
Switzerland, Oct. 1997

P-6 Static Bed Chlorination of Zircon Sand
A.C. Bidaye, S. Venkatachalam and C.K. Gupta
Presented at 51st ATM, IIM, Jamshedpur, Nov. 1997
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P-7 Thermal decomposition of ammonium polymolybdate and ammonium
paratungstate in a fluidised bed reactor
I.G. Sharma, S.P. Chakraborty and P.K. Tripathi
Proceedings of symposium on "Advances in Chemical Engineering" (ACE-97),
Oct. 22-24, 1997, BARC

P-8 Transport processes in Exothermic as Solid Reactions
P.L. Vijay and D. Sathiyamoorthy
Presented in the proceedings of ACE-97.

P-9 Treatment of Solid Waste from Chromite Industries
R.C. Hubli and A.K. Suri
Presented at 51st ATM of IIM, Jamshedpur (Nov. 1997)

P-10 Preparation of Molybdenum from Rakha Molybdenite Concentrate by Lime
enhanced Carbothermic Reduction
R.C. Hubli and A.K. Suri
Presented at 51st ATM of IIM, Jamshedpur (Nov. 1997)

P-l 1 Synthesis of Hydroxylapatite Powder
S.P. Biswas, R.P. Tangri and Ram Prasad
Proceedings of Indian Ceramic Society Tech. Meeting, Ahmedabad (1997)

P-12 Studies on Copper - Alumina Composites
P.K. Agnihotri, K.K. Kutty and G.B. Kale
Proceedings of Indian Ceramic Society Tech. Meeting, Ahmedabad (1997)

P-l3 Effect of Calcination Temperature on the Dielectric Properties of Lead
Magnesium Niobate
Dhirendra Mohan, Ram Prasad and S. Banerjee
Proceedings of Indian Ceramic Society Tech. Meeting, Ahmedabad (1997)

P-14 Processing of V2O3 Ceramics for Thermi stor App lications
D.D. Upadhyaya, A.K. Gulnar and Ram prasad
Proceedings of Indian Ceramic Society Tech. Meeting, Ahmedabad (1997)

P-15 Studies on Crystallisation Behaviour of By-TZP/AhO3 Composite Powders
D.D. Upadhyaya, M.R. Gonal and Ram Prasad
Proceedings of Indian Ceramic Society Tech. Meeting, Ahmedabad (1997)

P-l6 Effect of Powder preparation Conditions on Densification behaviour of YSZ
Ceramics
A. Ghosh, M.R. Gonal, D.D. Upadhyaya and Ram Prasad
Proceedings of Indian Ceramic Society Tech. Meeting, Ahmedabad (1997)
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P-17 Kinetics of Carbon steel corrosion in Picolinic Acid, Ascorbic Acid and a Typical
Mixture of Two Acids
Chintamani Das, H.S. Gadiyar and M.K. Totlani
Proceedings of International Conference and Exhibition on Corrosion, CORCON-
97, held in Mumbai, Dec. 3-6, 1997

REPORTS :

R-l Alumina Ceramics for laser Applications
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M A T E R I A L S S C I E N C E DIVISION

M a j o r Ach ievements

1. Hydrogen Related Problems in Zirconium Alloys

Mechanism of Hydride Blister Formation in Zirconium Alloy.

Hydride blisters are formed in zirconium alloys due to the thermal migration of hydrogen
down the temperature gradient to the cold spot. Formation of two types of blister morphologies
has been reported earlier. Any parameter affecting the diffusion of temperature gradient will have
a significant effect on blister growth. Some of these parameters are bulk specimen temperature,
soaking time, cold spot temperature, contact conductance, cold finger geometry, thickness of
plate, volume fraction of alpha and beta phases, mechanical and crystallographic anisotropy and
alloying elements. The effect of some of the above mentioned parameters on tendency to form
a hydride blister of particular morphology have been studied.

One of the significant achievements of the last year was the formation of hydride blisters
in the as-received pressure tube material (containing about 20 ppm hydrogen) by subjecting it to
a steep temperature gradient.

Apart from this a model has been developed to explain the brick-wall network of hydride
platelets surrounding the single phase hydride region.

Fig-1: A section of Type-I Hydride Blister along circumferential-radial plane of the pressure
tube
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Hydrogen Embrittlement of Zircaloy-2 Pressure Tube Material

Hydrogen embrittlement of pressure tubes continues to be an important area of study in
the PHWRs. The data available in the literature is maily on the extruded and cold worked
pressure tubes. The fracture toughness of unirradiated cold pilgered pressure tubes has been
studied as a function of temperature and hydrogen levels. The fracture parameters used for
material characterization were J-integral, dJ/da and Tear Modulus. Two methods of J-R curve
evaluation, from small curved compact tension specimen, have been employed. In addition to the
single sample unloading compliance method (298-473K), a recently developed load normalization
technique, using LMN function, has been used for temperature upto 548 K. The compact tension
samples were cut from the as received pressure tubes in the C-L orientation. The CT specimens
were polished and charged to the 60 and 110 ppm level of hydrogen. The samples were given
hydrogen homogenization treatment at 653 K for 48 hours in a glass tube enclosure under helium
atmosphere. The samples were polished to observe the hydride platelet distribution and density.
A few CT specimens were left uncharged. In the as received condition, these samples are
reported to have 10 to 15 ppm of hydrogen. Uncharged samples (10 ppm H) showed no apparent
hydrides, whereas at 60 and 110 ppm levels, nearly continuous circumferential hydrides could be
observed. The density and continuity of hydrides were larger in the 110 ppm hydrogen charged
samples. The tests with COD gauge were restricted upto the temperature of 473 K due to the
limitation of COD gauge. The single sample J,c tests were carried out using computer controlled
machine controller and data acquisition system. The Load (P) and Load Line Displacement (LLD)
were recorded along with on-line unloading compliance measurements as per ASTM E813-87.
The J-Aa curve obtained gave the values of J,c and dJ/da values. The effect of circumferential
hydrides on fracture toughness parameters has been studied. The results of both the techniques
were compared to find out the suitability of load normalization method in such hydrogen
embrittlement studies. The study shows the deleterious effect of circumferential hydrides on the
fracture toughness of unirradiated Zircaloy-2 pressure tubes. The circumferential hydrides have
been found to be less damaging than radial hydrides. The crack growth/initiation toughness of
uncharged samples changes little over the range of test temperature and dJ/da shows rapid
increase. Above 423 K the deterioration in toughness values become relatively smaller. For
temperature, less than 373 K, both 60 and 110 ppm hydrogen levels gave similar toughness value.
At temperature greater than 373 K the 110 ppm specimen showed reduced toughness than the 50
ppm hydrogen level. The load normalization, by LMN function, gave good fit for temperature
of 423 K and above in case of hydrogen charged specimen. For uncharged specimen, load
normalization could be used at all the test temperature. The study also shows that load
normalization can be used to evaluate J-R curve in the cases where slow stable crack growth takes
place. Hydrogen embrittlement can be evaluated using load normalization technique for
temperatures higher than 423 K. The critical crack length (CCL) values were also calculated
using Plastic Strip Yield model. The minimum CCL was found to be 50 mm. in the charged
smaples at room temperature. The results show higher fracture toughness values in the uncharged
condition in comparison with those reported in literature.
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Assessment of Hydrogen Levels in Zirconium Alloys by Non-Destructive Testing

A non-destructive assessment of Zircaloy-2 samples charged with hydrogen in the range
of 50 - 1 ISO mg/kg has been made using ultrasonic and eddy current testing. It has been found
that the ratio of the longitudinal to the shear wave velocity is a parameter which can be directly
correlated with hydrogen content upto the level of 100 to 200 mg/kg. This parameter together
with the values of longitudinal and shear wave velocities can be utilised in a multi-parametric
corelation approach for estimation of higher levels of hydrogen content (upto 1 ISO mg/kg). The
sensitivity at different ranges has been found to be acceptable. Ultrasonic attenuation
measurement at higher frequencies and eddy current test parameter are also effective for
estimation of hydrogen levels above 250 mg/kg in zirconium alloys. Microstructural
characterization using Transmission Electron Microscopy indicated that samples containing less
than about 100 mg/kg hydrogen exhibit predominantly y hydride precipitates. Samples with higher
hydrogen contents show a mixture of y and 6 hydride precipitates. In low hydrogen specimen,
hydride precipitation was associated with a high degree of lattice strain as evidenced by high
distortion density in the vicinity of the precipitate. At higher hydrogen concentration, the
dislocation density of in oc-Zr matrix was seen to be reduced. These changes in morpholgies of
hydride precipitates with increase in hydrogen concentration could be attributed to the variation
in the non-destructive parameters.
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2. Corrosion Research
Stress Corrosion Cracking (SCC) in Zirconium Alloy Fuel Cladding.

Round robin type experimental work on the measurement of crack growth rate of
zircaloy^2 and zircaloy-4 samples under different metallurgical conditions in the flowing iodine
vapour at a pressure of 100, 1000 and 10,000 Pa at 300 & 350°C have been completed. The
results indicated that the threshold stress intensity for iodine SCC varies between 10 - 20 M Pa/m
depending on iodine pressure, metallurgical condition and test temperature.

Fracture surfaces of the precracked zircaloy specimens tested at 350°C upto 10,000 Pa
iodine partial pressure have been examined using SEM. Cleavage morphology along with fluting
was observed in the zone which has undergone stress corrosion process. Other zones show dimple
type structure indicating overload failure.

Analysis of crack growth rates (da/dt) vs stress intensity plots for both zircaloy-2 and
zircaloy-4 samples shows that iodine vapour pressure has only marginal effect on the crack growth
behaviour. However, prior heat treatment of the samples and the texture have significantly
influenced the crack growth behaviour. It appears, stress relieved zircaloy-2 and zircaloy-4 have
shorter -range of steady state crack velocity region than those of the samples under
recrystallized/annealed condition. Influences of texture and creep are being studied.

Pitting Corrosion of Zirconium
Pitting corrosion of zirconium in IN HC1 solution has been studied under galvanostatic

condition. When 1.3 cm2 of zirconium surface is subjected to increase in anodic current from
1/*A to 10 mA in steps, at +115 mV critical pitting potential, it is observed that any increase in
anodic current is accompanied by a momentary shift of potential towards positive side after which
it returns fairly quickly to original pitting potential i.e. +115 mV (SCE). It has been observed
that under galvanostatic condition when polarising current is changed quickly, the increase of
total pit surface can not keep up with that of impressed current, so potential deviates from its
critical pitting potential value in a transient, before it comes to the steady state i.e. at the pitting
potential. This is consistent with a diffusion controlled mechanism of pit growth.

Zirconium wire anodes of 1 mm diameter containing 4000 ppm Sn were coupled to Kroll
zirconium and crystal bar zirconium strip each of 25 cm2 area for pit simulation study in IN HC1
+ 1000 ppm Fe'3 solution. Generated maximum galvanic current was 32 uA for Kroll zirconium and
60 uA for crystal bar zirconium. It was observed that cathodic reduction of Fe+3 - Fe'2 on Kroll
zirconium is more sluggish compared to that on crystal bar zirconium suggesting that impurity
elements in Kxoll zirconium are responsible for this difference in their cathodic behaviour.

Corrosion of Research Reactor Aluminium Clad Spent Fuel in Water
Systematic investigations on the corrosion of aluminium alloys in spent fuel pool have been

carried out under an IAEA-CRP programme.
A sample set provided by the agency has been immersed in the spent fuel storage pool of

plutonium plant at BARC. The sample condition and the water chemistry of the pool water are
being monitored at regular intervals. Progress report has been sent to the agency.
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3. Novel Processing Techniques

Self-Propagating High-Temperature Synthesis (SHS)
Self-propagating high-temperature synthesis (SHS), also known as combustion synthesis

or micropyretic synthesis, is one of the newly developed processing techniques for advanced
materials, namely, ceramics, intermetallics and composites. The SHS process of synthesizing
materials is based on an exothermic chemical reaction occurring between constituent powder
mixtures. Materials prepared by SHS are reported to be purer and require less energy to be
formed than those prepared by conventional methods.

SH-synthesis of the intermetallics NiAl was carrid out using both plane wave propagation
and thermal explosion modes. A compact furnace was designed and fabricated to carry out the
experiments under different rates of heating which were varied between 30 and 60°C/min. Both
the temperatures of ignition (Tig) and combustion (TJ increased with increased heating rates.

In the Ni-Al system slow heating rates and/or large Ni-particle size always led to partial
melting of the product and the microstructure showed the existence of multiple phases, viz.,
Al3Ni, Al3Ni2 and unreacted Ni, around B2-NiAl core. Use of fine Ni- particles and high heating
rates yielded essentially single-phase NiAl with equiaxed grains and low porosity. Compacts
containing coarse Ni-powders exhibited pore coarsening and substantial increase in pore volume
on combustion. At higher heating rates, the combustion temperature increased sufficiently above
the melting point of NiAl and the products were shown by XRD to be essentially single - phase
B2-NiAI. The grain boundaries occasionally contained a second phase precipitate that could be
traced both in SEM and TEM. Convergent beam micro diffraction is being carried out to identify
this phase.

Microstructural Characterization of Micropyretically Synthesised Intermetallics

Microstructural characterization, mainly by transmission electron microscopy, of a number
of micropyretically synthesised intermetallics containing Ni, Al, Ti and Nb has been undertaken.
Some of the typical compositions studied are NiAl, M^Al^Ti^, Ni^Al^NbsTis, Ni37Al37Nb|3Ti,3
Ti Al and NiTi. In the Ni-Al-Nb-Ti alloys, apart from the matrix NiAl phase, a variety of other
phases such as the sigma phase and the AJNbNi phase have been found to occur. In the NiTi alloy,
mostly a single phase microstructure comprising the martensitic phase has been observed. Partially
combusted specimens, in which the combustion front has been stopped before the completion of the
process, leaving the unreacted powders on one side and the synthesised alloy on the other, have been
examined with a view to studying the mechanism of synthesis. In the case of the TiAl alloy,
microstructural examination of regions close to the stopped combustion front has indicated that the
first step in the sequence of microstructure formation involves the melting of Al. This is followed
by the evolution of intermetallics of different stoichiometries, finally leading to the formation of
TiAl.
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Fig-3: Unusal microstructures of NiAl formed in the thermal explosion mode of self-
propagating high-temperature synthesis in compacts of equiatamic mixtures of
Ni and Al powders.(*2.75 )
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Fig-4 (1): Optical micrograph showing the microstructure of micropyratically synthesized
l

(2) TEM micrograph showing precipitate at the grain boundary of micropyretically
synthesized Ni5OAl4gJCr0JFeOjY05.
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Sol-Gel Processing of Free-Standing ZrO,-Y2O3 Films

Self-supported films of ZrO:-Y2O3 having a thickness of 50 - lOOum find applications as
oxide solid electrolyte in fuel cells, oxygen sensors, oxygen pumps and gauges. Studies on the
processing parameters vis-a-vis the formation and characteristics of such films led to the
development of free ZrO2-Y2O3 films having Y2O3 concentration ranging from 3 to 10 mole. A
highly dispersed sol of monoclinic zirconia crystallites was prepared by thermal hydrolysis of
zirconium oxychloride solution and treated with an anion exchange resin. Concentrated sol
containing designed quantity of yttrium nitrate and polyvinyl alcohol solution (10-20wt%) were cast
and gelled to obtain the films. The film upon heat treating under controlled conditions resulted in
removal of polyvinyl alcohol around 400°C, cubic or tetragonal solid solution formation around
600°C and remained transparent micro porous upto 1000°C. About 20% shrinkages took place in
the range of 1000 - 1200°C. Sintering at 1400°C resulted in translucent, dense, fine-grained and self
supported substrates.

Fitt-5: Fine-grained microstructure of ZrO2-10 mole % Y2O3 self-supporting film
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Combustion Synthesis in Aqueous Solutions - Development of a Ceramic Humidity

Sensor

Complex oxides occuring in the system ZnCr2O4-UZnVO4 are important electronic
ceramics and the ceramic 9ZnCr2O4-2 LiZnVQ can function well as a humidity sensor.
Technique of combustion synthesis in aqueous solution was used to prepare the ceramic. Redox
reaction between aqueous urea and the nitrates of Cr, Zn and Li formed the basis of this method.
A stoicheiometric mixture of nitrates of chromium, lithium and zinc and urea was reacted in the
thermal explosion mode by rapidly heating it at 700°C. Ammonium vanadate was used a diluent.
On combustion a black colour product similar to foam was produced.

Two batches were preapred by varying the amounts of urea used: (1) in the first batch, molar
ratio of urea-nitrate ions was unity, and (2) in the other, the stoicheiometric quantity of urea was
calculated on the basis of the procedure adopted in the propellant chemistry whereby the
oxidiser/fuel ratio is set to yield the highest temperature of combustion.

Thermal analyses of these solutions were carried out at the heating rates of 30, 40 and
50°C/min to determine the ignition and combustion temperatures and to follow the reaction path
during combustion. It was observed that the combustion temperature increased with increased
heating rates and also with higher quantum of solutions used.

Cold pressing of these powders at 140 MPa produced compacts (14 mm dia. X 3 mm.
height) having the green density values of 3.20 and 3.26 g/cm3 for the solid state reacted and
combustion synthesized powders respectively.

Isothermal sintering was carried out at 1000 and 1100°C for soaking periods of 15 min,
30 min 2 h and 4 h at each of these peak temperatures. At the sintering temperature of 1100°C
the CSand SS specimens yielded the bulk density values of 4.58 and 4.55 g/cm with open
porosity values of 4.5 and 7.9% respectively.

Fig-6 (1): Characteristics of combustion
synthesized humidity sensor
oxide particles.

Fig-6(2): Microstructure of sintered
humidity sensor material.
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Chemical Vapour Deposition (CVD) of Iron Aluminides
Kinetics of Iron aluminide coatings by CVD obtained in the temperature range of 950 -

1100°C for different duration showed a parabolic growth kinetics with * n' values in the range of
0.45 to 0.54. The activation energy of this process was found to be 170 KJ/mole.

Iron aluminide specimens produced at 985°C having an outer layer thickness of 42 jim was
observed in TEM in imaging as well as in diffraction mode. The region at 50 pm depth fro m the
surface of the sample showed strong [100] superlattice reflections, which indicates that B2
ordering is very strong. However, along with these, diffused but moderately intense spots at 1/2
{111} positions is indicative of the formation of DO3 phase in this region. The region at a depth
of 30 /an showed strong B2 reflections and very weak DO3 superlatice spots. The region at 10/im
and 20/tm showed only B2 reflections and no DO3 reflections. The TEM images showed a high
density of dislocations at the 10/*m depth. The density of dislocations decreased rapidly with
depth from the surface and very little of it was there at 50/*m depth. These TEM investigations
have conclusively proved that the outennost layer in the aluminide layer is FeAl with B2 ordering
upto about 50 /im and the Fe3Al with DO, superlattice starts its appearance from about 30jim
depth.

The oxidation characteristics of these coatings produced at different conditions were
studied by isothermal soaking at 500, 600, 700, 800 and 900°C for 425h. The weight gain due
to oxygen pick up has been monitored after every 5 hour initially upto 20 hours, and then after
every 15 h upto 75 hours and thereafter at 50 hours interval upto 430 hours. Plot of weight gain
versus time showed that the weight pick up for the coated specimen to be negligible compared to
pure iron which got fully oxidised in less than 20 hours. The plot of square of the weight gain
versus time showed straight line relationship showing parabolic oxidation kinetics. The parabolic
rate constants for different temperatures were 1.46 x 1013, 1.826 x 10", 5.504 x 10l0and 2.2475
x lO'gf/cnf/h at 5003, 700°, 800° and 900° C respectively. The activation energy of the oxidation
calculated from the plot of log K vs 1/T, was found to be 230 KJ/mole. X ray diffraction study
of the oxidised samples showed that the surface scale was y alumina. The morphological
characteristics of the scale has also been studied by optical microscopy.

Solid State Bonding of Stainless Steel and Aluminium

A satisfactory procedure involving the use of multilayers (sequentially Ni/Cu/Ag/Cu/Zn as
intermediate layers) has been developed for joining stainless steel (AISI 304) to aluminium (6061).
A detailed investigation has been carried out with a view to examining the suitability of these layers,
characterising the interfaces and evaluating and optimising the mechanical properties of the bond.
These studies have shown that the use of multilayer coatings of Zn, Cu, Ag, Cu and Ni can indeed
lead to effective solid state bonding between aluminium and stainless steel and that an optimum
bond strength of about 150 MPa can be obtained if bonding is carried out at 315°C for 4 h. Tensile
tests conducted on specimens so bonded under a load of 50 MPa have shown that failure invariably
occurs at locations on the aluminium side, away from the interface. An examination of the
microstructure of the diffusion zone has indicated the absence of intermetallic phases at the various
interfaces.
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Scanning Electron Micrograph and Electron beam line scan of various elements (Fe,
Cr, Ni, Ag, Al, Cu) by Electron Probe Microanalyser (EPMA) across the reaction
zone for the specimen diffusion bonded at 315 ° C for 4 Hrs.
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4. Intermetallics
Nickel - Vanadium Intermetallics

Eutectoid decomposition of the disordered Ni-V solid solution in the composition ranee of
25 to 33.3 at% V gives rise to a mixture of the ordered intermetallic Ni3V and Ni2V phases. The
evolution and the thermal stability of these phases has been studied. Two types of microstructure
have been observed to result from the same ageing treatment. In the first, the Ni2V phase precipitates
in a lamellar Ni3V matrix where a pair of conjugate lamellae correspond to two variants of the Ni3V
phase. In the second, the Ni2V phase precipitates within a Ni3V matrix comprising a single variant.
The Ni2V phase has been found to precipitate in a plate shaped morphology and the precipitation of
these plates in the Ni3V lamellae results in zig-zag interfaces between adjacent Ni3V domains. Both
the microstructures are quite stable in that they do not coarsen appreciably on prolonged ageing.
However, long ageing treatments cause a re-nucleation of the Ni3V and the Ni 2 V phases in the
vicinity of the grain boundaries in a manner akin to "recrystallization". The stability of the
microstructure could be attirbuted to the nature of the interfaces between different domains of the
Ni3V and the Ni2V phases.

The propagation of stacking faults across domain boundaries in the stoichiometric Ni,V
phase has been examined. Different modes of stacking fault propagation have been observed. These
modes have been attributed to the generation of appropriate glide partials at the domain boundaries
Dislocation reaction mechanisms responsible for the generation of these glide partials have been
identified by contrast experiments. Computer simulation results have been used to substantiate the
results of these experiments.

Fig-8: Propagation of stacking faults across domain boundaries
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Processing and Microstructural Studies on Structural Intermetallics

The class of structural intermetallics for high temperature application includes the
technologically important iron and titanium aluminides. Following preliminary hot rolling trials
in the Division, hot rolling of iron aluminides was successfully performed at AFD. The processed
parameters such as reduction per pass, temperature of the billet and cooling rate after rolling were
selected to obtain sound strips. Extrusion of billets is also planned in order to establish the
feasibility of different hot working operations on these birttle materials. After hot working,
recovery and recrystallation studies were performed to determine the safe processing "window"
for these alloys. Transmission electron microscopy studies revealed that recrystallization and
grain growth commenced at 700°C, and the mechanism of recovery involving climb and glide of
dislocations leading to the generation of linear, square or hexagonal dislocation arrays.
Recrystallized grains were formed either by the enclosure of dislocation free regions or
preferential growth of subgrains. These studies will aid in the determination of strain-rate,
temperature and composition parameters for optimum mechanical working conditions. In the case
of titanium aluminides, experimental work using TEM and modelling was used to determine the
dominant modes of microstructural instability at high temperatures. The crystallography of one
such mode namely, interphase precipitation was experimentally determined.

Two Dimensional Penrose Clustering - A New Approach to Quasiperiodicity

The structure of the icosahedral quasicrystals is often explained on the basis of a Penrose
tiling model, which is derived as a projection of a higher dimensional (6-D) lattice onto a lower
dimensional (3-D) hyperplane. An important feature of this approach is that it successfully
explains the structural relationship between periodic crystalline structures, known as approximants
and the quasicrystals. The tiling model, however, has a certain draw back in that the constituent
tiles (prolate/and oblate rhombohedra) cannot be consistently decorated with atoms to explain the
observed intensities in the diffraction patterns. As the origin of quasiperiodicity is often attributed
to the presence of atomic clusters of icosahedral symmetry, which are present in the unit cells of
the approximants, structure models of quasicrystals based on such clusters are gaining importance.
An attempt has been made in the present work to bridge the gap between the cluster and the
Penrose tiling models.

A two-dimensional Penrose tiling consists of a quasiperiodic arrangement of fat and thin
rhombuses. This has the same draw back as the 3-D Penrose tiling in that a consistent atomic
decoration of the rhombuses does not yield a quasi periodic arrangement of identical atomic
clusters. The present formulation, which preserves the quasi periodic nature of the presence of
the Penrose tiling model, disregards the presence of tiles in the quasilattice. Instead, it is viewed
as an interlocking of regular decagons. Identical 31-atom clusters are placed within each o f these
decagons, thereby allowing adjacent clusters to overlap. This generates an atomic pattern which
is quite similar to the observed High Resolution Electron Microscopy (HREM) images of the
quasicrystals. The Penrose clustering has a five-fold symmetry and is completely space filling.
It consists of identical atomic clusters. The approach is now being extended to three dimensions
to generate a three-dimensional Penrose clustering as a possible atomic model for the icosahedral
quasicrystals.
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5. Instrumentation and Methods
High Resolution Electron Microscopy of Materials
The recently installed 300 kV JEM 3010 transmission electron microscope has a point to

point resolution of 0.21 nm and a specimen tilt of 60 degrees. The combination of high resolution
and large specimen tilt enables conventional transmission electron microscopy as well as high
resolution electron microscopy (HREM) to be carried out in this facility. The microscope has been
used for conducting HREM investigations on a variety of materials. Lattice images as well as
structural images have been successfully obtained from these, yielding valuable information and
data. The materials studied in this manner include a number of quasicrystalline alloys, Ni-Ti shape
memory alloys and binary alloys belonging to Zr-Nb, Zr-Al, Ni-Mo and Ni-V systems.

Fabrication of an Equipment for Automated Measurement of Electrical Resistivity

An experimental set up to measure the electrical resistivity as a function of temperature
in an automated fashion with an accuracy of better than 10"6 has been fabricated.

IEEE - 4888 card to record continuously the resistance and PCL 213 card to record the
temperature of a sample have been installed in PC 486 DX x 2 and coupled to a nanovoltmeter
and the sample thermocouple, respectively. A few trial runs have been carried out to record the
variation of resistance of an intermetallic compound as a function of temperature, and that of
grade 350 maraging steel as a function of time at two different aging temperatures. The system
is working very satisfactorily. This could be achieved with the help of the Computer
Instrumentation Section of the Computer Division. Further work is being carried out to obtain
the Graphic Display of the results.

Fabrication of a High Temperature Physical Property Measurement System.

In the study of many metallurgical phenomenona it is necessary to monitor the high
temperature physical property changes. These changes are often a sensitive function of the cooling
rate and a correlation with the final microstructure is also necessary. An experimental system has,
therefore, been devised to perform high temperature in-situ real time, high speed temperature and
electrical resistivity measurements. The measurements will be performed on specimens which are
placed in a vacuum/gas quenching set up. A 4 KVA linear DC power supply, linear transistor bank,
isolation amplifier and temperature programmer have been fabricated and assembled. Model alloys
have been heated to high temperature in air and cooled at various rates after holding for
predetermined periods. The resistivity values have been shown to be in quantitative agreement with
published data.

Scanning Microelectrode Measurements on Welded Stainless Steel
Microelectrode based measurements of local sensitivity are referred to by several names

like SRET (Scanning Reference Electrode Technique), SRVT (Scanning Reference Vibrating
Electrodes), Electro Chemical Microscopy (ECM) etc. depending upon types of measurements.
Work has been started for developing microelectrode techniques to measure local chemical
activity of metallic surface.
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The microelectrode used is based on the silver wire (~ 70 pm dia.) prepared by drawing
and chemical thinning, embedded in metset and glass capillary. The tip of the microelectrode is
0.1 - 0.2 nfin dia. with a sensing element of ~ 70 pun dia. The results reported are based on
silver wire as scanning reference electrode. Positioning of the electrode was achieved in X-Y
direction by means of combination of stepper motor-optodecoders. Both X-Y movement may be
controlled together or separately.

Working electrode consisted of a series of SS sensitised to various levels, connected
together. Scanning Calomel Electrode (SCE) was used as standard reference electrode with silver
as scanning reference electrode. A large SS sheet was used as the cathode. The working
electrode combination was galvanically polarized at 0.02/tA/cm2 in methanol -10% HC1 (of 0.5 %
HC1 in water solution). Local polarization was measured as a parameter and can be related to
resistance to reaction. The present result show increased sensitivity to corrosion with increase
in the sensitization time.

Electrochemical Techniques for Corrosion Studies

In the absence of well defined diffusion boundary the complex impedance plot tends to
scatter in the low frequency region and fitting the points to equivalent circuits become difficult.
Such conditions are encountered in specimens in still water undergoing pitting. Study has been
conducted on using high frequency points for simultaneous measurment of Rp and type of corrosion.

The programme developed selects 3 random points from inpedance data, fits them to
calculate Rp, the centre of the circle. The process is repeated over the data points to calculate
average and scattering in Rp, centre of circle and depression of centre from real axis component of
impedance. The present selection criteria includes the restriction on centre to be in the 1st or 4th
quadrant. The calculation is being tested on data on Al in NaCl (0-0.1M)

It has been found that in general corrosion the depression of centre was £ 18° (e.g. Al/tap
water, 49 hrs) Rp was high for less corroding medium. In the case of pitting, the depression was

°, it also showed higher standard deviation in depression as well as Rp.

6. Services
Post Weld Treatment in Alloy718

The well known nickel-base superalloy, Alloy 718, will find extensive use in the KAVERJ
engine of the ligh combat aircraft (LCA). Following an understanding with Gas Turbine Research
Establishment (GTRE), Bangalore, studies on some of the specific problems have been initiated.
Alloy 718 has been found to be prone to cracking during post weld ageing treatments. Investigations
have been undertaken with a view to looking into this problem and suggesting remedial measures.
Samples of this alloy, in two different microstructural conditions (solution treated and solution
treated and aged), have been welded in a T configuration, following the welding specifications
supplied by GTRE. It has been found that almost similar distortions occur in all samples after
welding, irrespective of the microstructural condition. One set of welded samples (solution treated
as well as solution treated and aged) has been subjected directly to the post weld ageing treatment
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while another set has been aged after a stress relieving treatment. It has been found that samples
which have been welded in the solution treated and aged conditon and have been directly subjected
to the post weld ageing treatment exhibit extensive cracking in regions in the heat affected zone
which are quite far from the weldment and are unlikely to have undergone any distortion during
welding. Light miroscopy examination has shown that the cracks propagate along the grain
boundaries. It has also been found that cracks or microfissures do not occur in any other sample.
On the basis of these observations it has been concluded that in the case of Alloy 718 samples
welded in the solution treated and aged condition, the post weld ageing treatment should be preceded
by a stress relieving treatment.

Fig-9: Cracks near HAZ regions of Alloy 718 welded in aged condition and subjected
to direct post-weld ageing treatment without any intermediate stress relieving treatment

Resolutionization Treatment of used Inconel 625 Main Cracker Tubes

Five Inconel 625 alloy cracker tubes of HWP, Tuticourin which had seen a little over one
lakh hours of service life had been successfully resolutionised at their full length of 13 meters
without slicing them into smaller pieces. This had been done in a specially fabricated electrical
resistance furnace to accommodate all the five tubes each of dimensions 88 mm dia x 13000 mm
long at a time in a still condition. It has been planned to carry out the same procedure to
resolutionise the remaining 65 tubes to get the tubes closer to the virgin condition and ready for
reuse in the cracker unit for their original designed life.
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Characterization of the Surface Reactivity of Uranium Dioxide Powder

The plant operations at Nuclear Fuel Complex, Hyderabad sometimes yield off grade
uranium dioxide powders. The use of such a material in the manufacture of fuel pellets gives rise
to unacceptable degree of rejection during quality control. Recycling these rejected fuel pellets
has a detrimental effect on overall plant efficiency. It is, therefore, technologically highly
beneficial to have a reliable technique to assess the sinterability of the uranium dioxide. Such a
preassessment of powder characteristics before actual sintering has two advantages. Marginally
off-grade powders can be used for fuel manufacture through blending or alteration in sintering
schedules. Off-grade material can be recycled straight away without undergoing pelletisation.
In above context, a method to characterize the sinterability of uranium dioxide powder produced
at NFC has been developed.

The procedure developed here involves the surfrace adsorption from an aqueous medium.
A weighed amount of UO2 powder is introduced into a beaker containing Fe2(SO4)3 or Mn C^.
Surface adsorption on UO2 of the Fe+ + + or Mn++ is dependent upon reactivity of the surface.
Therefore, the amount of adsorbate per unit weight of UO2 provide a measure of the reactivity of
the UO2 can be used to distinguish between reactive, semi-reactive and inactive (off-grade) UO2

powder. Nearly thirty different powders from three separate lots received from NFC has been
studied for their surface adsorption. As shown in the figures 1 and 2, the correlation between the
sintered density and the amount of adsorpotion per gram of powder is excellent and the straight
line relationship between them has been validated by linear regression analysis. Presently, the
discussions are going on for implementation of this method of NFC.
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Fig-10: Plot of sintered density against the amount of (a) ferric and (b) manganese ions

adsorbed per gram of uranium dioxide powder
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30. Plate shaped transformation products in zirconium base alloys
S. Banerjee, G.K. De, Dinesh Srivastav and S. Ranganathan
Met. Trans, Vol. 28 A (11). 2201 - 2216 (1997)

31. Combustion synthesis of NiAl
A. Biswas, S.K. Roy, S. Banerjee
Intnl. Conf. Recent Advances In Metallurgical Process (ICRAMP-97),
July 16-19, 1997, IISc, Bangalore. (Invited lecture)

32. High temperature deformation behaviour of a modified 9Cr-lMo steel
R. Kishore, R.N. Singh and T.K. Sinha
The technical Conference on Pressure Vessel and Piping, October, 22-24, 1997,
Hyderabad (presented)

33. Effect of displacement rates on EAC of AISI4340 steel
W. Dietzel and S.K. Ghosal
J. Fatigue and Fracture of Engineering Materials and Structures
(communicated)

34. Micropyretic synthesis of TiAl
G.K. Dey and J.A. Sekhar
The 51st ATM of HM, November, 1997, Jamshedpur (presented)

35. Micropyretic synthesis of NiTi
G.K. Dey and J.A. Sekhar, Ibid

36. Solid state bonding of aluminium alloy (6061) to stainless steel (AISI 304)
K. Bhanumurthy, P.S. Gawde, G.B. Kale, J. Krishnan, D. Joyson Derose, A.L.
Pappachan, A.K. Grover and M.K. Totlani, Ibid

37. Crystallography of y- hydride fromation in Zr-Nb alloys
D. Srivastava, G.K. Dey, S. Banerjee and S. Ranganathan
Proc. MRS Fall Meeting onThase Transformations at Far From Equilibrium
Conditions", December, 1997, Boston, USA, (accepted)

38. Ordered omega derivatives in Zr3Al - Nb alloys
R. Tewari, G.K. Dey, P. Mukhopadhyay, S. Banerjee and L.A. Bendersky, Ibid

39. Evolution and thermal stability of Ni3V and Ni2V phase in a Ni-29 at %V alloy
J.B. Singh, M. Sundararaman and P. Mukhopadhyay
Metallurgical and Materials Transactions (accepted)
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40. Ordering in Ni-Mo alloys - First-principles calculations versus experimental observations
S. Banerjee, A. Arya, Materials Science Division and
G.P. DasTechnical Physics and Prototype Engineering Division
Bull. Mater. Sci. 20, 787 - 803, (1997)

41. Coupling of displacive and replacive ordering
S. Banerjee, R. Tewari and P. Mukhopadhyay
Progress in Materials Science 42, 109-123, (1997)

42. Crystallography of the a - w transition in shock-loaded zirconium
G. Jyoti, K.D. Joshi, Satish C. Gupta, S.K. Sikka, (High Pressure Physics Division),
G.K. Dey and S. Banerjee (Matl. Sci. Divn.)
Philosophical Magazine Letters, 75, 291-300, (1997)

43. Assessment of hydrogen levels in Zircaloy-2 by non-destructive testing
P.K. De, John T. John, S. Banerjee, Materials Science Division, BARC
T. Jayakumar, M. Thavasimuthu, Baldev Raj, Metallurgy and Materials Group, IGCAR
Journal of Nuclear Materials 252, 43-54, (1998)

44. Microstructural engineering and computational materials science
S. Banerjee, A. Arya, Materials Science Division and
G.P. DasTechnical Physics and Prototype Engineering Division,
Multi-Facets of Metallurgy: Emerging Trends,
Ed. Amit Chatterjee, ATM 97, Jamshedpur, pp. 113 - 130

45. Diffusion bonding of dissimilar materials: transition joint between zircaloy-2 and
stainless steel
K. Bhanumurthy, J. Krishnan and G.B. Kale
BARC Report No. BARC/1997/I/002, 1997

46. Electrochemical noise from corroding carbon steel and aluminium
P.R. Singh, K.B. Gaonkar, P.K. De and S. Banerjee
BARC Report No. 1997/E/012

47. Development of perforated plate matrix heat exchangers
G. Venkatarathnam, J. Krishnan, K. Bhanumurthy and J. Derose
IIT (Madras) Internal Technical Report GV/RAC/96-97, pp. 1-108

48. Diffusion bonding of dissimilar materials
K. Bhanumurthy, G.B. Kale and J. Krishnan
BARC Report, BARC/1997/I/015, pp. 1-21
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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 densely populated monazite bearing High Background Radiation (HBR) areas of Kerala coast provide unique
opportunities of investigating the health effects of low-level chronic radiation directly on human popufations. The
investigations in human populations assume paramount significance, since low-level radiation effects in man
continue to be debated and no animal model can substitute the human studies. The average per capita dose
received by the HBR population in Kerala is about four times of the normal background radiation level.
However, the radiation levels in the region range widely from 1.0 mGy to over 35.0 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 all over the world. 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
effects of continuous radiation exposure taking place during all the stages of human development, for numerous
successive generations. Thus, the programme is an effort to avail the unpredented 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 research activities of the project.

• Monitoring of the newborns for major congenital malformations and genetic disorders for ascertainment of
the nature and incidence of such events in the population living in HBR and NBR areas.

• Cytogenelic 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 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 adequate data base necessary for
genetic epidemiology studies. The cytogenetic monitoring of the radiation workers has been in abeyance, since
the starting of the newborn screening programme for chromosomal aberrations.

Congenital malformations and genetic disorders

A precise estimate of the 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. This study is being undertaken as collaborative programme with State Health
Department, Govt. of Kerala. The programme envisages covering all the births taking place in the four hospital
units located in the study area. The newborns are 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. are recorded in the computer compatible proformae drawn on WHO guidelines. The
data are processed to obtain information on still births, twins, multiple births and over 80 congenital anomalies for
statistical analysis and trend analysis. AH abnormal babies are photographed for record and subsequent follow up.

During this year 10.695 newborns have been screened and a total of 170 congenital anomalies recorded, giving a
frequency of 1.58 percent. Since, the institution of adequate measures optimizing ascertainment of
malformations in 1995, data on the newborns delivered in the hospitals from August 1995 to December 1997
have been analyzed. During this period, over 26.000 single births have been screened for congenital
malformations. Among these about 22% were from high background radiation (HBR) and the rest from normal
background radiation (NBR) area. About 90% of deliveries took place by the maternal age of 28 years and less
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than 5% beyond the age of 30 years. There were 4.1 still boms per thousand births in the population. The
incidence of major malformations in the population was 14.6 per 1000 births, with 13.5 per 1000 in HBR and
14.9 per 1000 births in NBR areas. The population incidence of malformations is comparable with the data from
elsewhere in the country. A total of 18 Down syndrome cases were identified with an incidence of 1 among 1423
births in HBRA and I among 1453 births in NBRA. The incidence of still births was 1 in 259 in HBRA and I in

!239 in NBRA. Major malformations identifiable at birth were 1 among 74 births in HBRA and 1 among 67 in
NBRA. The male:female ratio among the newboms was 106:100 with no significant difference in HBR and NBR
areas. This is in contrast to male.female ratio based on data from population surveys, which show females out
numbering the males. A maternal age dependent increase in the incidence of congenital malformations among
the newborns was observed. None of the differences seen in the incidence of congenital malformations
between HBR and NBR areas were statistically significant, even after doing stratified analysis of no higher risk
for birth defects for children bom to mothers from HBRA. However, the sample size is rather too small at present
for any reliable inference. A relatively lower incidence of Down syndrome (18 cases in 26,033 i.e., 1 in 1446
births) is expected due lower maternal age at delivery with acceptance of small family norms, generally attributed
to the higher rate of literacy in the study population. The studies are in progress to achieve an adequate sample
size in due course of time and a detailed analysis of the data is underway.

Twinning

Twinning has a special place in human genetics, since it provides an opportunity to study gene-environment
interactions in human development. Twins also provide a unique situation to delineate the differential develop-
mental characteristics, mortality and morbidity, if any, among monozygotic twins, as well as between like and
unlike sexed dizygotic twins. During August 1995 to December-1997, 204 twin births have been recorded
among 26,238 deliveries (7.8 per 1000 births). The incidence of twinning increased with maternal age with a
frequency of 3.2, 7.1, 9.4 and 10.2 per 1000 deliveries in the maternal age groups of 15-19, 20-24, 25-29 and >=
30 years, respectively. There was also an increase in twin births among consanguineous marriages (11.7 v/s 7.7
per 1000 births), however, the difference was not statistically significant. Twinning among Christians, Hindus

and Muslims was 9.1, 7.9 and 6.8 per 1000 births, respectively, The differences in the twinning rates among the
religious groups may be due to variability of maternal age at delivery. The twinning rates in the NBR and HBR
areas were comparable. 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.

Numerical and structural chromosomal changes

For elucidation of the nature and magnitude of numerical and structural chromosomal mutations in the newboms,
umbilical cord blood samples are collected from the hospital units and brought to the laboratory under
optimal conditions. Lymphocytes are grown as whole blood cultures employing standard techniques to obtain
chromosome preparations on microscope slides. The stained and coded slides are analyzed for various types
of chromosomal aberrations and constitutional anomalies at metaphase. During the year, a total 2622 samples
(newboms) involving 51,902 cells have been analyzed. A computer data base of all cytogenetic studies carried
out since 1986, has been built and analyzed statistically. From a total of 10,230 newborns analysed so far, 6,572
are from NBR and 3,658 from HBR areas. The frequency of dicentrics among the newboms from NBR and HBR
areas was 1.86 and 1.83 per 10,000 cells. Unlike adults subjects, practically no rings (only 4) were observed
among the newboms. The frequency of translocations and inversions was 3.47 and 3.34 per 10,000 cells among
newboms from NBR and HBR areas, respectively, with total aberrations being 7.97 and 7.66 per 10,000 cells,
respectively from NBR and HBR areas. There were, thus, no statistically significant differences in the
chromosome aberrations as detectable by conventional giemsa staining between the newboms from the NBR and
HBR areas. The chromosomal aberrations also did not show any correlation with the background radiation
levels, which vary from 1.0 to over 35.0 mGv in different areas, nor there was any gender difference in the
aberration frequency among the newboms. However, interestingly an increase in the aberrations was observed as
a function of maternal age. The cytogenetic data base in the newborns is one among the largest in the world,
not to say of HBR areas and would serve as a source material for various types of chromosomal anomalies at birth
in human population.

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
13,502 newboms (8,539 from NBR and 4,963 from HBR areas) for visual karyotyping has so far been completed

to determine the degree of constitutional anomalies. Seventy two constitutional abnormalities (36 numerical and
36 structural) have been observed among the newboms screened, so far. The numerical variants (19 males and
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17 females) included cases of Down syndrome, Patau syndrome, Edward syndrome, double trisomy,
Klinefelter syndrome. Turner syndrome, XYY and additional centric fragments. The incidence of the
numerical chromosomal variants was 2.46 and 3.02 per thousand births from NBR and HBR areas. The 10 Down

syndrome cases observed so far give a population frequency of 1 DS in 1350 births. The frequency of DS is
compatible with the fact that about 90% of deliveries occur below the maternal age of 30 years in the region.
The structural chromosomal abnormalities (14 males and 22 females) include deletions, pericentric inversions,
Robertsonian and other translations and have an incidence of 3.30 and 1.60 per 1000 newborns from NBR
and HBR areas, respectively. The overall frequency of constitutional chromosomal anomalies of 5.3 per 1000
births is comparable with the published reports from the Western world and was not different between newborns
from NBR and HBR areas. It is important to point out that the cytogenetic analysis of 13,502 newborns and
monitoring of over 26,000 newborns for congenital malformations at birth showing no difference in HBR and
NBR population in Down Syndrome contrast the reported claim of some Indian investigators made in 1975 of
higher DS in HBR population. Though, the total numerical and structural chromosomal variants are in the range
of those reported for general population in the Western World, individual numerical variants are yet too small
in number, since, their spontaneous frequency is in the range of one per 1000 or 10,000 births.
Chromosome polymorphisms such as long/short Y and variants of other groups of chromosomes are also being
recorded.

Chromosomal studies in adult population

The adult population in certain HBR areas accumulates considerable rediation dose as the age advances. The
cytogenetic analysis among the adults, particularly the elders beyond the age of 50 years is important to reveal
whether prolonged radiation exposure can lead to accumulation of chromosomal damage. Blood samples were
collected from individuals of different age groups residing in the HBR as well as NBR areas and grown as whole
blood cultures. Cytogenetic analysis of samples from 30 individuals has been completed by MSP and CBD staff
and a major emphasis to this programme will be given during the next year. Emphasis is, also now being laid on
monitoring for stable chromosomal configurations, which, unlike unstable configurations, can accumulate during
continuous radiation exposure.

Follow up studies

Since the inception of the programme during 1986, cytogenetic studies have been carried out using traditional
Gieinsa staining, which is aquate for scoring of unstable configurations, such as dicentrics, rings etc. but inter- or
intra-chrotnosomal rearrangements can not be detected by this procedure. Chromosomal banding was, therefore,
introduced for precise identification of chromosomal regions involved in such rearrangements with
photographic facilities necessary for such studies. Therefore, the cytogenetic variants detected by the
conventional cytogenetic staining procedure are being traced and samples collected for re-analysis to identify
specific chromosomal changes. Currently, rather than continuing analysis for unstable chromosomal aberrations
continued so far, emphasis is now on karyotypic changes, for both structural and numerical variants. During
this period, seven families of children with abnormal karyotypes were traced in the study area. Their addresses
and other medical details were obtained and photographs taken for record. The blood samples were collected from
three families for G-banding studies. Of the other four families, three were reconfirmed as Down Syndrome cases.
One child showing post axial polydactyly with syndactyly on left foot was found to be 47, XX + C. One of the
DS case is a dizygotic opposite sex of a twin pair i.e. a DS female and a normal male. The samples exhibiting
constitutional structural rearrangements such as translations and inversions etc. identified by conventional
staining since 1986, have been brought to Trombay for banding analysis after destaining of the slides. If,
successful this will greatly help to rescue the efforts to establish involvement of specific chromosomal regions in
these rearrangements.

Genetic polymorphism and germ line DNA mutations

The new programme on genetic polymorphism had been started last year, with the objective of analyzing DNA
mutations involving the highly hypervariable regions of the genome among various ethnic groups of the
population from HBR and NBR areas using minisatellite and/or microsatetlite markers. Highly polymorphic
DNA markers are useful for studies in population genetics and human evolution, since due to their multiallelic
nature, the variation existing within and between the population groups can be well elucidated. Furthermore, these
can be used lo elucidate the induction of heritable germ line mutations in the human populations using
multigeneration families. This programme has progressed well and will allow to build a much needed
comprehensive data base on DNA polymorphism among the various ethnic groups of the Indian population,
unique to this country as a consequence of inter-ethnic breeding due to our social and cultural practices. For these
studies, peripheral blood samples are collected from unrelated , healthy donors or families and DNA extracted by a
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simple, non-enzymatic method. PCR amplification is achieved by using locus specific primers, which are
synthesized in the Division using a DNA synthesizer. The PCR products are electrophoressed on polyacrylamide
gel and the bands visualized after appropriate staining. Composite standard ladders are used for allele
identification. The procurement of an automated DNA fragment length analyzer and DNA sequencer has
profoundly strengthened this programme.

Minisatellites - DISSO, ApoB, and Dl 7S5polymorphism

Among a number of minisatellite markers that have been investigated in different population groups, D1S80,
located on the short arm of chromosome 1 with a core sequence of 16 bps, has been studied extensively in the
Western populations. The allele frequencies of D1S80 locus among five Indian ethnic groups, three from Kerala
study and two from Maharashtra population have been investigated.. A total of 20 alleles and 71 genotypes were
observed, which are comparable with the populations reported from the other parts of the World. Allele 18 and 24
were found to be the most predominant alleles. Allele 15, which is a very rare allele, was observed only in one
Maharashtrian and one Kerala ethnic group. All the five populations conformed to the Hardy - Weinberg
equilibrium expectations. Dendrogram of 27 world popualtions using DSW, UPGMA programme snowed that the
five Indian populations form a separate cluster distinct from the Caucasians as well as Japanese and the Chinese
populations. A total of 50 families from three ethnic groups of Kerala populations have also been analyzed for
D1S80 locus. Except one family, all the families had a normal inheritance pattern. The variant family is
under detailed investigation using other markers to establish the nature of variation.

Apolipoprotein B (ApoB) VNTR is located about 500 bps in the 5' flanking region of the ApoB gene, which maps
to the short arm of chromosome 2. ApoB polymorphism, particularly frequency of allele 49 has been reported to
be associated with the coronary heart disease. The VNTR contains a basic core sequence of 30 bps (AT rich)
which has two structurally related subunits of 15 bps each. The ApoB VNTR analysis of 183 unrelated and
healthy donors from two distinct ethnic Indian groups using specific primers showed a total of 38 genotypes
representing the products of 14 alleles containing 30 -51 repeats. Allele 37 and 39 were predominant. The
observed heterozygosities were found to be 0.70 and 0.66 and the power of discrimination calculated to be 0.89
and 0.90. respectively in the two population groups.

The VNTR D17S5, (chromosome I7pl3.3), is another highly informative locus, and shows extensive inter
population variation with respect to number of alleles and allele frequency distribution. It has a 70-bp core repeat
sequence and is closely associated with Miller-Dieker syndrome. The hypermethylation at I7pl3.3 locus has been
implicated as an important carcinogenic event in ovarian, breast, renal and prostate tumors. Studies on this locus
resulted in unexpectedly low hetrozygosity and absence of larger alleles for two ethnic groups by the PCR analysis
using Taq DNA polymerase. Re-examination of these samples using Expanded Long Template PCR system
(ELP) eliminated the preferential amplification of smaller alleles in presence of larger alleles and resolved the
heterozygosity to expected levels. The observed heterozygosity increased from 0.34 (with Taq) to 0.85 with ELP
and from 0.51 (with Taq) to 0.90 with ELP for the two Indian ethnic groups, respectively. Heterozygote samples
detected by Taq were also reamplified with ELP to test the fidelity and reproducibility of the system. There was no
deviation of allelic sizes between both the systems, suggesting a good fidelity. Thus, ELP was found efficient in
eliminating the preferential amplification of smaller alleles in presence of larger alleles. The total number of alleles
increased to 12 and 13 alleles respectively, for the two populations with ELP, compared to 8 alleles observed for
both these groups with Taq.

Studies were carried out to determine feasibility of using dental pulp for DNA typing of individuals. Non carious
teeth from 30 individuals extracted during dental treatment and five ml peripheral blood sample were obtained from
Nair Hospital Dental College, Mumbai. Teeth were split and the desiccated pulp was scooped out for DNA isolation
by Proteinase K method. DNA from whole blood was isolated by the standard non-enzymatic high salt method.
DNA samples both from teeth and blood were analysed by PCR amplification using 3 VNTR loci - D1S80, D17S5
and DI9S20. There was perfect correlation between the alleles in the DNA from blood and teeth for each subject at
all the loci analyzed. This validates the application of this precise technology to teeth, which are the most viable
structures present in mass disasters, fire victims or during explosions and opens a potential area to forensic
odontology. The study also provides avenues of investigating DNA polymorphism in HBR population in cases
where only tooth and no other tissue may be available.

Chromosome Ypolymorphism

The Y chromosome linked inheritance has unique features, as it bears father to son transmission and except for a
small region, the pseudc-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. Therefore,
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by using Y-linked DNA markers, the evolutionary relationships among different population groups can be
established. Studies on DNA polymorphism have been introduced using different Y-linked markers to elucidate
germ line mutations in HBRA population. The markers include DYS19, a polymorphic microsatellite and DYS28
locus, a Y Alu polymorphic element. Analysis of 215 unrelated male donors belonging to five ethnic groups, with
three from the study population of Kerala has been completed. No Alu insertion was detected in any of the Indian
population, while four alleles of DYS19 locus were identified. The predominant allele was found to be 194 bps
among all the population groups except the one from Kerala, where it was 190 bps. The allele frequencies
reported for different world populations have been compared with the five Indian populations investigated in this
study.

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.

Computer Data base and Management

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. The computer data base of
cytogenetic studies of over 13,000 newborns was subjected to statistical analysis. Likewise, data covering
over 26,000 proformae pertaining to monitoring of newborns for major congenital malformations and genetic
disorders has been entered in the computer and analyzed. Out of a total 100,000 newborns monitored for
congenital malformations, with majority being from normal background area, the time and/or hospital based
trends showed considerable variability and under ascertainment of malformations among different hospital units
during late 1980s and early 1990s, necessitating adequate steps for adequate ascertainment and identification of
malformations. This is an ongoing programme and the nature of studies, like any other epidemiological study,
requires large data base for meaningful conclusions. Furthermore, the study is primarily based on monitoring of
the newborns in the relevant HBR areas. The sample size, thus available per year is limited due to highest literacy
and remarkable awareness about small family size in Kerala compared to other states in the country. The
adequate sample size will be obtained in due course of time.

Dosimetry

Radiation measurement were carried out using Radiation Survey Meter supplied by Health and Safety Division of
BARC. 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/climate fluctuation. A comprehensive dosimetry programme for external
and internal dosimetry is to be launched during 1998.

Expansion of Laboratory space

The work on construction of the extension of MSP building, which finally started in July 1997 is expected to be
completed by March 1998. The availability of additional 3000 sq.ft. laboratory space will greatly facilitate the
functional efficiency of the project.

PUBLICATION

1. Cheriyan, V.D., C.J. Kurien, Birajalaxmi Das, C.V. Karuppasamy, E.N. Ramachandran, M.V. Thampi,
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NUCLEAR AGRICULTURE AND BIOTECHNOLOGY DIVISION

Major Achievements

Blackgram variety Trombay Orid 94-2 (TU 94-2) has been identified
for release for the South Zone (Andhra Pradesh, Karnataka,
Tamilnadu and Kerala) by the Variety Identification Committee,
MOLLaEP (ICAR) due to its higher yield over the check varieties
and resistance to yellow mosaic virus and moderate resistance to
powdery mildew disease.

Developing rapeseed-mustard with zero erucic acid and zero
glucosinolates ('00' lines) is the most important breeding
objective for quality improvement of this edible oil. The
Introduced '00' varieties mature late and have low yields.
Induced mutation approach resulted in the isolation of early
mutants. Out of 988 individual plants from the progeny of early
mutants studied 117 showed '00' character. These are being
confirmed in the subsequent generations.

Arachla hypocaea low temperature induced gene, Ahltl has been
Isolated and sequenced. Ahltj transcripts increase dramatically
in response to a temperature downshift (28"C to 12*C). Nucleic
acid sequence of Ahlti shows the presence of a Y-box (CCAAT)
binding domain of CCAAT binding transcription factor of humans.
This domain is strongly conserved from E.coll to humans.
Several stress induced genes have Y-box element in their promoter
region. Considering these observations the gene Ahlti is likely
to be involved in the transcriptional activation of other low
temperature Induced genes.

Arachla hypocaea cold shock protein (AHCSF 33) has been
isolated and characterised as a 33 kd protein which is secreted
into leaf apoplast in response to temperature downshift. N
terminal sequence of AHCSP 33 shows homology to Thaumatin - like
(TL) protein family. Like several TL proteins, AHCSP 33 is also
targeted to the apoplast and persists for several days after the
low temperature stress although at reduced levels. AHCSP 33
possesses cryoprotective activity, and it is over 33,000 times
more effective than sucrose.

Commercial cotton hybrid seed is produced by hand pollination.
Errors during this process lead to the contamination of hybrid
seeds. Normally the seed lots undergo a Grow-Out-Test (GOT)
based on morphological traits, before certification. The GOT is
expensive and time consuming. We are exploring the possibility
of replacing the GOT with molecular marker based techniques for
seed certification with a view to reduce time and cost. We have
used a technique called Random Amplified Polymorphic DNA (RAFD)
to analyse the most popular inbreds in Maharashtra namely BN-1
(female parent) and AC-738 (male parent) and their hybrid NHH-44.
Initially two parental inbreds were screened with about 160
arbitrary primers. Two primers which showed a characteristic
polymorphic band in AC-738 (absent in BBN-1) and three primers
which were polymorphic to BN-1 (absent in AC-738) were
identified.
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The results obtained 30 far from RAFD for different hybrid seed
lots agree well with the GOT results. Further work with other
popular hybrids and their parents as well as developing non-
electrophoretic genotyping is under progress.

The production process of the biopesticide based on the
indegenous isolate of Bacillus thuringiensis var. kenvae was
subjected to industrial upgradation in collaboration with
Hindustan Antibiotics, Pune and the product was satisfactory in
terms of toxicity and yield. The parasite Dinarmus vngabnndus
controlled the bruchld when released at the rate of 2000
parasites/10 kg of mungbean under storage conditions. Proximity
of pigeonpea crop to cotton had a Kairomonal influence on the
behaviour of Helicoverpa armlcera.

The fate of 4C-Chloropyrifos was studied in a marine sediment'
using continuous flow-through system permitting C-mass balance.
Chloropyrifos underwent extensive degradation in flooded marine
sediment and 3,5,6-trichloro 2-pyridinol was the major
degradation product.

A Trichoderma sp wa3 isolated which was very effective In
suppressing po3t harvest decay of vegetables caused by the
pathogen Sclerotinm rolfail.

Greenhouse pot culture experiments to evaluate partially
acidulated rock phosphates (PARP) indicated that in terms of dry
matter yield and phosphorus (P) uptake by maize and mung crops
PARP products were more efficient than Mus3oorie Rock Phosphate
in alluvial soil whereas in laterite soil there was no difference
in these parameters.

Micro-plot field trial on the evaluation of irradiated and normal
sewage sludges as organic fertilizers for crop production
indicated that both these sludges are at par for first (maize)
and second (mung) crops with respect to crop productivity and
soil improvement.

Comparison between the analysis of first maize crop and second
mung crop showed that N content in shoot and grain of Mung was
higher than maize; P content in maize shoot was higher than that
of mung but reverse was true for grain content; K content in
shoot of maize and mung was on par but K content in mung grain
was higher than maize grain.

Production of compounds of commercial importance are one of the
important off-shoots of Plant tissue culture. Manipulation of
cell culture media of Basmati rice by the metabolic
intermediaries of 2-acetyl 1-pyrroline bio3ynthetic pathway, the
principal compound responsible for Basmati rice aroma productin
resulted in the over production of Basmati aroma in callus
culture. A qualitative and quantitative evaluation of the callus
and rice aroma showed that both compounds have identical aroma
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profile and the callus produced 40 fold more aroma in comparison
to rice.

Preliminary investigations on encapsulation suggested that the
cell can grow under appropriate media In the encapsulated
condition and the aroma leaches out to the media. A complete
schematic process for the continuous growth of cells, generation
of aroma, simultaneous and nondestructive isolation and
concentration process is prepared.

A simple, viable protocol was standardised for in vitro mass
propagation of ginger and turmeric. Two hundred plants of
turmeric obtained through tissue culture were given to
Agricultural Research Station, Sangll for field evaluation. A
few morphological variants from the regenerants after gamma
irradiation were isolated in banana. Studies on
microtuberization of potato have yielded over 100 microtubers per
250 ml flask with 40 ml medium over a period of 2 months.
Microtubers yielded green house grown plants which subsequently
yielded mini-tubers.

Dead biomass of a number of fungi belonging to the genus
Rhizopus, Aspergi1lus etc. and a metal tolerant yeast ToruJospora
pretoriensis (live) with high efficiency for the removal of
uranium, cerium, copper, nickel, chromium and cadmium from
aqueous samples through biosorption or bioaccumilation have been
isolated/identified and some of the process parameters optimised
using them in a free or pelletized form. Langmulr isotherms
indicate an adsorption capacity of 278 mg U/g dry biomass of
Rhizopus . Distribution coefficients indicated its usefulness in
the removal of uranium over a broad concentration range.

A cloth strip bioreactor containing glucoamyase immobilized
flannel cloth has been designed for the continuous hydrolysis of
starch. Conditions for the continuous fermentation of industrial
whey to ethanol using gel entrapped K. fragilis cells in a
continuous stirred tank and a packed bed reactor have been
optimised. A flocculant strain of yeast with high ethanol and
temperature tolerance was immobilized by passive entrapment in a
vegetable sponge and was used in a packed bed reactor for the
continuous fermentation of ayurvedic aristas. Jute in the form
of a fabric pre—treated with a polycation polymer was used as
novel matrix for the adhesion of cells. A tubular flow reactor
was designed using this matrix for the continuous hydrolysis of
60% sucrose syrups. Permeabilized and Jja 3ltu stabilised yeast
cells are also being investigated for the hydrolysis of lactose
in milk. Novel techniques have been developed for the
preparation of fine alginate membranes incorporating enzymes for
use in biosensors. Mechanically and chemically stable novel
conjugate beaded polymeric supports such as alginate/acrylamide
conjugate using radiation polymerisation and alginate/hen egg
white conjugate using glutaraldehyde have been prepared for
immobilization of biocatalysts. Robust biocatalysts (eg lipase)
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for possible applications in extreme environmental conditions
have been prepared by cross-linking of enzyme powders/crystals.

To develop viru3 disease resistant transgenic potato plants. the
expression of the coat protein gene of potato virus 'Y' was
engineered into potato plants. In addition to calmodulin,
involvement of a new signal molecule H 2O 2 in the wound Induced
HRGP gene activation has been established.

Disulphide, lysine and tryptophan residues have been shown to be
Involved at or near the active site of glyoxylate synthetase from
potato tuber chloroplasts. Formation of new colourless compounds
has been seen during the enzymatic degradation of chlorophyl in
Cavendish bananas.
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IMJCLEAK PHYSICS DIVISION

Major Achievements

1. Experimental Nuclear Physics t

The experimental research activities of the division
have been mainly centred around the 14 MV BARC-TIFR
pelletron accelerator facility located at TIFR. The
accelerator provides a variety of heavy ion beams in the
energy range of a few MeV/nucleon to tens of MeV/nucleon.
They are used to investigate different types of heavy ion
induced nuclear reactions near and above the Coulomb barrier
energies, as well as to study many aspects of nuclear
structure at medium excitation energies and angular momenta.
Following are some of the highlights of the experimental
research programmes carried out using the pelletron
accelerator :

Elastic and inelastic scattering studies :

Detailed measurements of the elastic and quasi-elastic
scattering excitation functions at backward angles were
measured for 19F + 209Bi and 12C + 2 3 2Th reactions over a
range of energies from below to above Coulomb barrier
energies. The data were analysed to derive the fusion
barrier distributions underlying these reactions. It is
seen that in 12C + 232Th reaction, the experimental barrier
distribution is very much broadened as compared to the
coupled channel fusion calculations.

Systematic measurements of the elastic scattering
angular distributions in 1 2C, 1 1B /

 1 0B + 209Bi systems have
been carried out to derive the optical potential and its
energy dependence. The effects arising due to the difference
in the ground state properties of neighbouring projectiles
on the elastic and non-elastic channels are also studied.

Transfer reactions

Cross sections and angular distributions of one and
multi-nucleon transfer reactions have been carried out in
the various systems of 12C + 90Zr, 1 60 + 90Zr, with the
motivation to understand the importance of simultaneous
versus sequential transfer of nucleons. The data are
analysed in terms of finite range DWBA.

The transfer reactions in the systems of 1 2C +
1 9 4' 1 9 8Pt /

 1 2C + 56Fe have been carried out in order to
deduce the form factors required in coupled channels
calculations for understanding sub-barrier fusion
enhancements in the heavy ion reactions.

The cross sections for multi-nucleon and cluster
transfer reactions were measured in 1 F + 2 0 9Bi, 1 7 4Yb,

Th to study the dependence of transfer probabilities on
ground state Q-values and projectile, target structures in
the transfer process.

2b4



Sub-barrier fusion measurements

Fusion excitation functions have been measured for 1 2C
+ 1 9 8Pt and 194Pt at energies near and below the Coulomb
barrier to understand the relative importance of collective
deformation and neutron transfer in influencing the sub-
barrier fusion cross section enhancement over the
one-dimensional barrier penetration model calculations.

Quasi-BOlecular resonances :

Intermediate structures have been found in the
excitation functions of 12C (12C,a) 20Ne, 1 2C (12C, 8Be)
1 60 and 1 2C (12C, 8Be,r) 1 60 in the excitation energy range
of 39-43 MeV and 44-49 MeV. They imply the existence of
quasi-molecular resonances decaying to defermed states and
linear a-chain configurations in the exit channels. In
order to test further the a-cluster model of 4n nuclei, an
experiment was carried out to measure the r-decay branch of
the 11.4 MeV 4 + resonance in 8Be to the 3.0 MeV 2 + reso-
nance. The experiment was done using 22 MeV a-particle beam
on a 0.8 bar He gas target, through measurement of a-cc
coincidences, along with the accompanying de-excitation T-
rays. An upper limit of about 60 nbarn has been placed on
the integrated gamma ray branch, which is at variance with
the cluster model prediction of r^ 130 n barn.

The binary decay products in the 28Si + Si reaction
were measured in energy range of E*~N = 65 MeV, where inter-
mediate resonance structures have been earlier observed in
the elastic and quasi-elastic excitation functions. The
coincident yields for different Z products show strong odd-
even behaviour. The odd-even effect characterised by the
difference in the yields of even and odd charges is found to
exhibit a broad minimum around the resonance energy.

Heavy ion induced fission reactions

Fission fragment spin distributions have been measured
in 1 2C, 1 6O, 19F + 232Th and 209Bi reactions by the gamma
ray multiplicity studies. The results on the fragment spin
distributions have been analysed to obtain the compound
nuclear spin values for the fissile systems. The
experimental <^cN> va^-ues a r e found to be in good agreement
with the coupled channel calculations.

The angle dependence of the fragment spins in 1 2C, 1 6O
+ 2 3 2Th reactions was used to determine the K-distribution
of the fissioning nucleus. The existing statistical model
formalism for the fragment spins was modified to incorporate
the angle dependence of the collective modes of spin
excitations, by which it is possible to explain the fragment
spins and angular distributions in a consistent manner using
the same K-distribution. The results indicate that in C,
16° + 2 3 2Th reactions, the K-distributions are narrower than
that predicted by the RLDM transition state model, implying
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non-equilibration of the K-degree in these reactions at near
and sub-barrier energies.

The fission probability (a fi s s i o n/a f u s i o n) was measured
for the X'F + x JLu system over a range of excitation
energies in order to determine the pre-saddle time scales in
the fission process.

A theoretical model has been developed to explain the
observed fission fragment angular distributions for a wide
variety of light and heavy ion induced reactions at above
barrier energies. This model assumes a quasi-equilibrium
condition at the pre-scission point and takes into account
the conditional equilibrium of thermally excited collective
rotational modes.

Particle omission studies

The energy spectra and angular distributions of
evaporated protons and alpha particles from 112Sn compound
nucleus populated in 19F + Nb reaction were studied. The
correlation of the particle energy and angular anisotropy
shows an interesting peak-like structure in the sub-
evaporation barrier region. The theoretical simulations
with PACE2 evaporation code also show similar peak-like
behaviour, which is found to be sensitive to the crucial
parameters of the statistical model.

The excitation energy dependence of the total nuclear
level density (NLD) in 69As and °Ge has been extracted over
a wide range of excitation energy (5-24 MeV) from the
measurement of high energy proton spectra in C induced
reactions on 58Ni and 59Co at beam energies between 36 and
60 MeV. These data have provided the first systematic
measurement of the pairing and shell effects and their
damping, and will be useful to test different theoretical
descriptions of the excitation energy dependence of the
nuclear level density.

2. Theoretical Nuclear Physics

Fusion and reaction studies

Calculations were carried out using several reaction
codes including the coupled Reaction Channel (CRC), CCFUS,
ECIS and FRESCO to explain the sub-barrier transfer,
fusion data in many heavy ion reaction studies. Investiga-
tions were done to understand the non-local behaviour of the
heavy ion potentials in explaining the scattering, reaction
and fusion cross section results simultaneously.

The behaviour of the strongly interacting nuclear
particle in a nuclear field has been investigated by
comparing the stripping/pick up, knock out as well as
elastic scattering of composite system by three-body
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calculations. It has been found that in a stripping/pick up
reaction, the bound system interacts with the nuclear field
as if the components were independently scattered. In a
knockout reaction, the scattering particles behave as if the
composite is elastically scattering from the nuclear field.
This finding illustrates that the 2-particle system in the
field of the thrid particle behaves differently depending on
the initial and final states and may be traced to the
energy-momentum conservation at the point of scattering in
the nuclear field.

Glauber model calculations

Microscopic Glauber theory was applied to calculate
the total reaction cross section and scattering angular
distribution in the interaction of the radioactive halo
nucleus 13-Li with proton target. It was seen that the
calculations are in reasonable agreement with the
measurements and the Pauli blocking does not play a dominant
role in the scattering process. An analytical expression
for the nuclear phase shift was also derived.

A generalised trajectory model based on Galuber theory
is derived for use in low energy heavy ion reactions. In
this model, the relative velocity of the two interacting
nuclei is modified along the trajectory. Calculations were
done for the total reaction cross sections for O + Si
system at different energies, which agree very well with the
exact calculations obtained by SNOOPY code.

The eikonal model was applied to calculate the total
number of participants and binary collisions in relativistic
heavy ion collisions and the results were compared with
FRITIOF and other geometric model calculations.

Intermediate Energy Physics

Eta meson production in p-p collisions has been studied
over a wide range of incident energies with the resonance
model, taking only the S11(153 5 MeV) resonance and using the
distorted wave approximations. It is found that the
measured total cross section in pp -> pp channel can be
understood in this model by taking a sum of the one-pion,
one-etj, one-rho and one-omega exchange potential for the
pp-»p N transition.

Rho meson production in p-nucleus collisions have been
studied around 2 GeV incident ^energy on C, using the
resonance model. The resonance N (3/tih) (1720 MeV) has been
taken for rho production. Effect due to modification of the
mass of the proton spectra has also been studied. It is
seen that the peak cross section increases by a factor of
1.5 by decreasing the P mass from 770 MeV to 670 MeV,
whereas there is a reduction in peak croos section by a
factor of about 7 if the mass of N is reduced by 200 MeV.
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Relativistic Heavy Ion Collisions

The thermal photon and di-lepton yields have been
calculated for a chemically non-equilibrated quark-gluon
plasma with finite baryon density. The effects of higher
order gluon multiplication, temperature dependent coupling
constant and viscosity on the process of chemical
equilibration has also been investigated. It is found that
in the presence of small baryon density, the chemical
equilibration for quark and gluon becomes slower as compared
to the case when the plasma is baryon free. As a result,
the space-time integrated yields of photons and di-leptons
are enhanced for baryon rich plasma in comparison to baryon
free plasma. This result has implications in the study of
signals of QGP in relativistic heavy ion collisions.

Thermal di-lepton yield around rho-mass region were
studied at two rapidities y=0 and 2 (in the context of
PHENIX measurements) under QGP and hadron scenarios in RHI
collisions. It is seen that under the QGP scenario, the
ratio of the thermal di-lepton yields as a function of
transverse mass of the di-lepton pair can provide a measure
of the transyerse flow of the plasma and the plasma rapidity
distribution.

Quantum mechanical reflection above potential steps

Exact forms of reflection amplitude for three models of
composite (two-piece), semi-infinite potentials (Potential
steps) have been obtained. An expected existence of a
single minimum in the reflectivity above the step has been
brought out. Also, when the step is smooth, an unambiguous
example is presented which justifies a recent claim that the
tail of a sufficiently deep step determines the probability
of quantal reflection above the step potential.

3. International Collaboration programmes

PHENIX Experiment

The PHENIX experiment is being set up at the
Relativistic Heavy Ion Collider at BNL, USA in order to
study the quark gluon plasma formation in heavy ion
collisions. The PHENIX detector consists of a number of
subsystems for detection of electrons, photons, muons and
hadrons over a large range momentum and energy. We are
taking part in fabricating the tracking detectors in the
PHENIX muon arms. Two prototype frames of the detectors are
under fabrication. A two-day collaboration meeting was held
in BARC during March'97 involving scientists from Japan, USA
and India, where the physics and detector programs of the
PHENIX experiment were discussed in detail.

COSY experiment

As part of the on-going collaboration at the Cooler
Synchrotron accelerator facility at Juelich, experiments
were carried out (i) to study the eta-meson production in
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p+d 3He + eta reaction and (iil to investigate the low lying
states of pionic atom in 208Bi &i~ via 2 0 9Bi (p,2p)
reaction. The data analysis of these experiments are in
progress. The preliminary analysis of the experimental data
on eta-production indicates the presence of the eta-peak in
the missing mass spectrum and further analysis is being
carried out to extract the cross section and angular
distribution for eta-production.

A large acceptance detector ENSTAR for measurement of
r)-meson experiments at COSY has been designed and is being
built at BARC. The detector consists of three layers of
plastic scintillators in a cylindrical geometry to identify
protons and pions along with position information. The
design details of the detector and the experimental
programmes using this detector were presented at the GEM
Collaboration meeting at Cracow, Poland.

Collaboration experiment at LNL, Legnaro

An experiment was carried out to measure the fission
fragment spins in 1 2C, 1 60 + 232Th, 209Bi reactions over a
large range of bombarding energies in the near and sub-
barrier regions, using the Gamma Ray Spectrometer (GASP)
array at LNL, Legnaro, Italy. The GASP set up consists of
80 BGO detectors and 40 HPGe detectors and was used to
measure the gamma ray multiplicities in the fission reaction
in the above systems. The data were analysed to determine
the fragment spin as function of the mass of the fragments.
The results have been compared with the statistical model
calculations to understand the origin of the spin generated
in the fission fragments in heavy ion fusion-fission
reactions.

4. Folded Tandem Ion Accelerator Project

The FOTIA project, which involves conversion of the
single stage Van-de-Graaff accelerator at Trombay into a
Folded Tandem Ion Accelerator, made significant progress
during 1997. The injection line, which consists, mainly, of
a negative ion source, 70° magnet, 20° deflector,
electrostatic guadrupole triplet and steerers, has been
commissioned. The 70° magnet was tested, before
installation, for field strength and uniformity. A magnetic
field of 14.5 kG with field uniformity of ± 0.1%, was
realized at a current of 180 Amp. Several beams extracted
from the ion source were analysed using the 70° magnet.
Beam currents of several microamperes (H~ (4.5 fih), Li"(0.3
MA), C~(5 M A ) , O~(24 fiA), Si~(13 \s.K), C1~(11 pA)) were meas-
ured on the Faraday cup located after the 70° magnet. For
100 keV pre-accelerated beam, the transmission through the
70° magnet was found to be more than 90%. An ultra high
vacuum of lxlO~8 torr is maintained in the entire injection
line with turbomolecular and ion pumps. Beam has also been
transported to the beam profile monitor mounted inside the
accelerator tank and the transmission through the entire
line was satisfactory. The control and monitoring of the
various parameters (including that of the ion source located
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at high voltage) was done remotely from the control room
using CAMAC based interface system.

In order to have flexibility in the column plates, the
design of the plates was modified and stress in individual
column posts and coupling among the. column members were
measured. It was observed that all column posts have
compressive stress and the coupling between column posts is
negligible. With pellet charging chain, rotating shaft,
alternator and 180° bending magnet in position, the
vibrations in column section were measured by members of CWS
and RED. They are found to be within acceptable limit.

The work on the SF6 gas handling system, including the
piping work, is nearing completion. The oil-free
compressor, heat exchanger, oil-filters, blower, pumps etc
have already been installed. This work is carried out in
collaboration with RSMD.

The design work of the new beam hall and laboratory
block for the FOTIA project has been started. The user beam
lines to cater to various programmes of basic and applied
research using the FOTIA beams have been identified. The
programmes include accelerator based mass spectrometry,
Rutherford back scattering, Particle induced x-ray emission,
nuclear reaction studies, material science and radio
chemistry research etc.

5. Fusion Blanket Neutronics Research

The objective of the Fusion Blanket Neutronics studies
is to understand the neutronic behaviour of fusion-fission
hybrid blankets containing thorium and lithium zones by
conducting integral experiments to measure U-2 3 3 and tritium
breeding rates in large size blanket assemblies using a 14
MeV T(d,n) neutron generator at Purnima labs. Analysis of
the Tritium and U-233 Breeding Rate (BR) measurements in a
hybrid blanket assembly containing Th-232 and LiAlO, were
completed. The calculated values of the U-233 and Tritium
breeding rates were also obtained by carrying out the 3-
dimensional Monte Carlo neutron transport calculations for
the exact geometry of the actual assembly using MCNP code.
Whereas the measured breeding rates agreed well for the U-
233 with the calculated values, the measured Tritium rates
were found to be about 20-30 % higher than the corresponding
calculated values indicating that the cross section values
used for 6Li (n,alpha) are on the lower side. It was also
felt that a neutron generator with a higher yield of 14 MeV
neutrons ( 10 /s) will be required in order to obtain more
precise measurements.

For carrying out further experiments a new 400 kV
accelerator capable of giving higher yield of 14 MeV
neutrons is under installation at PURNIMA. For this purpose
a 400 kV high voltage power supply being fabricated at "CAT,
Indore is almost ready and has been successfully tested upto
350 kV with load. The cascade arrangement to install two
200 kV isolation transformers is also ready. The other
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components such as power supplies required for accelerating
voltage, focus voltage and RF power have been completed.
The high voltage ion-source dome and accelerating column are
ready. The rails and experimental trolley have been
modified for the new layout of the accelerator.

Measurement of the Thermal Power calibration of the
KAMINI reactor at IGCAR were carried out for the first time
by obtaining the fission rate distributions in the core by
irradiating U-Al wires containing 20% uranium with 93% U-235
and counting the induced fission product activity.
Normalization factor required to correlate the fission
product activity with the absolute fission rate was obtained
by carrying out irradiations at the thermal column of
APSARA. The calibration factor of KAMINI reactor thus
obtained is used for converting the ion chamber current to
the reactor power. Only after obtaining this calibration
factor it was possible to raise the reactor power up to its
maximum rated value 30 KW.

Studies are in progress for the detection of chemical
explosives hidden in the luggage of air passengers using
neutron interrogation techniques using a 14 MeV neutron
generator. The technique of thermal neutron analysis is
selected to be developed here at first. In this technique
the N , which generally has a higher percentage in the
explosives, is detecgted by activating it by thermal
neutrons to N 1 5 which is characterized by the emission of a
unique 10.8 MeV gamma ray. These high energy gammas are
measured by an array of large Nal detectors. Design study
for the moderator assembly surrounding the 14 MeV neutron
source are under progess. For this purpose neutron-photon
coupled calculations are being carried out in three
dimensions using different moderators in association with
various
neutron multipliers such as uranium, beryllium and lead in
different geometries in order to find out the most optimum
geometry and moderator combination. The calculated neutron
and the corresponding gamma spectra are being studied for
most efficient design. The calculations are being done
using the latest Monte Carlo code (MCNP) to obtain the
neutron and gamma spectra at various locations inside the
collimators where detectors are to be mounted. The studies
are in progress.

3-D Monte Carlo calculations were done to obtain the
thermal neutron flux at the exit of the collimator of a-
neutron radiography facility at SHAR centre of ISRO,
Sriharikota. The objective of these studies is to enhance
the neutron flux by adjusting the zonal thickness of
beryllium, uranium and polythene surrounding the gamma
source of the 15 MeV electron LINAC.

6. Other research activities

Energy Dispersive X-ray Fluorescence studies

Quantitative Analysis for rare earth samples of Xeno-
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time was carried out for the elements of
Y,Zr,Nb,La,Ce,Pr,Nd,Tb,U and Th for metallurgical
applications. Elemental analysis of a few selected Th
bearing ores were carried out to estimate the mineral
contents of ores.

Trace element analysis of a few Indian spices was
carried out to understand the role of essential and toxic
elements. Analysis of gel grown rare earth crystals was
carried out to develop the method for crystal growth.
Determination of composition of fertilizer mixtures was
carried out to ascertain quality control of fertilizer
mixtures. The atomic weight percentage of Sb, Se and S were
determined in thin films (Sb2Se3/Sb2S3) deposited by spray
pyrolysis technique on glass substrates to study the
formation of flims as per chemical formulae. Cr substituted
haematite solutions used in dissolving radioactive deposits
on pipes of coolant systems in water cooled reactors were
determined for their Cr content.

Detector Developments

A cathode strip chamber capable of measuring position
information for minimum ionising particles (MIPS) was
developed. The chamber operates in the proportional or
limited proportional region and the position of the
avalanche is obtained by interpolation of the pulse hieghts
induced on the cathode strips, which run perpendicular to
e direction of anode wice. The detector was tested with
Sr electron source and Fe soft x-ray source.

A backward angle trigger detector based on gas delta E
and E has been developed for detection of sub-coulomb
scattering and transfer products. The cylindrical detector
has nearly full azymuthal acceptance over a narrow
scattering angle in the backward direction to the beam. The
beam enters along the detector axis through a vacuum
isolating central pipe.
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NUCLEAR RESEARCH LABORATORY & HIGH ALTITUDE
RESEARCH LABORATORY

Major Achievements

1. Basic Research :

Project GRACE The Imaging Element (IE) of the TACTIC array
(Fig.l) has been successfully commissioned at the provisional
observatory site in Mount Abu in March 1997. The mechanical
structures of two of the 3 Vertex Elements have been installed
there in October 1997, while the third element is likely to be
erected in early 1998. A sophisticated, 2-axes computer-
controlled drive system has been incorporated in the IE alongwith
an advanced CAMAC-based data acquisition and control unit. A
Pentium-based platform has been provided for quasi on-line data
processing and compaction.

The Imaging Element (IE) commenced its trial observations on
cosmic gamma-ray sources on March 1, 1997, when it was used to
observe the Crab Nebula, the 'standard candle' of the TeV gamma-
ray sky. Having ensured that the instrument hardware and
software were working satisfactorily, the IE was deployed in
April-May 1997 to monitor two active galactic nuclei
Markarian 421 (Mkn 421) and Markarian 501 (Mkn 501) , both lying
at a distance of nearly 300 million light years (red-shift factor
z-0.03). The highlight result of these first observations is the
detection of an unsually strong signal from the Mkn 501. Figure
2 presents the evidence for this maiden detection by the TACTIC -
a statistically significant excess of events (~13.5<T ) from the
source direction in the gamma-ray domain of the image-orientation
parameter at . This result has since been confirmed by 4 other
high-sensitivity Cerenkov imaging telescopes, being operated in
different parts of the world by groups working in the USA
(Whipple), France (CAT), Germany (HEGRA) and Japan (Telescope
Array). The source light curves recorded by these systems reveal
a strong morphological similarity with the light curve derived
from the TACTIC observations (Fig.3) and indicate significant
flux variations on a time-scale of -1 day, a result of
considerable importance due to the implied constraints on the
size of the gamma-ray source in this active galaxy. The peak
signal strength, recorded on April 13, April 16 and May 16,
implies a TeV flux higher by a factor of ~4 than that recorded
from the direction of the Crab Nebula by the other telescopes,
making Mkn 501 the brightest source of TeV gamma-rays known so
far. Apart from its being reassuring about the overall
performance of this new instrument and having important physics
implications, the result obtained by the TACTIC India's first
imaging gamma-ray telescope, on Mkn 501 is also historically
important : it represents the first time when a gamma-ray signal
has been recorded contemporaneously by a global network of
observatories.

Significant progress has been achieved in optimizing the
design features of the proposed Large-Area Wide-Angle (LAWA)
detector, the basic detector element of the wide-angle Cerenkov
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detectory array, MYSTIQUE, the second principal component of the
GRACE facility being set-up in Mt. Abu in the next few years. An
overall efficiency of -5% has been achieved in the collection of
Cerenkov photons by using a prototype 3 0cmx3 0cmx0.5cm
borosilicate glass sheet coated with a 'blue' ( <\̂  ~350-450nm,)^
~450nm) wavelength-shifter dye film and a light guide comprising
a strip of fluorescent optical fibre attached to one of the edges
of the glass sheet. The efficiency is expected to improve to the
desired value of -20% when the spectral response of the fibres is
matched properly with the emission spectrum of the fluorescent
radiation and adequate optical coupling provided between the
sheet and the fibres.

As an important segment of the ongoing GRACE-related
activity, detailed Monte Carlo simulations of the response of the
TACTIC and MACE systems to atmospheric Cerenkov events initiated
by primary cosmic-ray hadrons (p-ACE) and cosmic gamma-ray
photons ( -/-ACE) , have been carried out using the CORSIKA
extensive air-shower simulation code with the aim of estimating
and optimizing the different operating parameters of these
systems, including the effective threshold energy, collection
area and the field of view, etc. In addition, these simulations
have also provided important leads for identifying and optimizing
appropriate trigger-generation strategies and for quantifying the
event characterization capability of the TIPS (Time-profile,
Imaging, Polarization and Spectrum) strategy for improving the
sensitivity of the TACTIC system. In a first result of its kind
obtained so far, it has been established that Cerenkov images
behave as fractals, thereby opening the possibility of using more
fundamental parameters provided by multi-fractal and wavelet
approaches for treating these images and seeking more powerful
event classification schemes. This would, on one hand, help to
further boost the sensitivity of the TACTIC gamma-ray source
investigations and, on the other, provide an excellent
opportunity to deploy it for cosmic-ray mass-composition studies.

2. Theoretical Astrophysics

A detailed statistical analysis of the BATSE (Burst and
Transient Source Experiment) gamma-ray burst catalogue has
provided evidence for two distinct burst populations : one
characterized by harder spectra and shorter durations than the
other class. A sub-class of bursts has also been identified with
a possible galactic origin as implied by non-zero values of the
quadrupole and dipole moment with respect to the galactic centre.
This sub-class of events is found to be concentrated in the
galactic disk (latitude |b| < 10°) in the galactic longitude
range 90°-180°. Detailed investigations are underway to find if
these bursts can be associated with any known galactic population
or feature.

A formalism has bee developed to estimate the integral
gamma-ray spectra in the enrgy range 100 MeV - 100 TeV from
supernova remnants (SNR's), which is likely to result from
decay following photo-meson interactions between the -UHE protons
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accelerated in the central engines of SNR's and the background
synchrotron X-ray photons. The model is being applied to some
well-known SNR sources, like SN 1006, which are known to be MeV-
GeV-TeV gamma-ray sources on the basis of observations with,
both, satellite and ground-based detection systems.

The detectability of potential cosmic sources, like pulsars
and active galactic nuclei (AGN), with the TACTIC array has been
investigated in detail and the most promising sources identified.
The study has indicated that several radio pulsars, including two
millisecond pulsars and at least 3 AGN may be detectable with the
TACTIC if the source spectra extend unchanged from the MeV-GeV
region into the TeV region. Limiting values of 1.6 and 2.7 have
been obtained for the red-shift factor for the Feb.27, 1994
gamma-ray burst detected by the EGRET experiment on the CGRO,
implying a possible cosmological origin for this high energy
burst.
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O R E D R E S S I N G S E C T I O N

M a j o r A c h i e v e m e n t s

1. STUDIES ON DOMISIAT URANIUM ORE

Earlier flotation studies on Domiasiat uranium ore using DEHPA and light diesel oil as collector
reagents indicated quantitative uranium flotation and a flow-sheet was developed based on the
detailed studies in this section, involving leach-float-leach stages. The proposed pilot-plant at UC1L,
Jaduguda for testing on Doiniasiat uranium ore will test this flow-sheet also. Encouraged by the
effectiveness with wlu'ch the above reagent combination floats out the U values, experiments were
carried out to explore whether flotation could be used for decontamination of U ore tailings after
leaching. Flotation tests comprising of three stages carried out on a pre-leached Domiasiat U ore
sample has brought down the U concentration in the final flotation sink to below acceptable level of
50 ppm. However, it was observed that the assay was much lu'gher when estimated radiometrically
than by wet chemical analysis. The reason for tliis discrepancy was found to be due to the presence
of other radioactive products like radium etc., in the flotation sink, wliich were let loose during
leaching stage. The U values remaining in the leach residue were effectively floated by DEHPA-LDO
combination but not the other radioactive products. So for the reduction of total activity from die
final tailings removal of other radioactive contaminants is essential. Attempts were made to float
radium values by carrier flotation using barium chloride as carrier. The flotation sink indeed gave
lesser radiometric counts than when flotation was carried out without addition of any carrier. The
final flotation sink has been given to Health Physics Division for more detailed analysis.

2. PRE-CONCENTRATION OF URANIUM VALUES FROM TUMMALAPALLE URANIUM
ORE (CUDDAPPAH, A.P.) BY PHYSICAL BENEFICIATION METHODS

Experiments were carried out for the pre-concentration of uranium values from the Tummalapalle
uranium ore analysing about 500 ppm U3O8 with the objective of reducing the acid consuming
calcareous gangue. Since the liberation of uranium values is in very fine to ultra-fine size the physical
beneficiation tests were carried out on a finely ground material (-50um.) using a combination of
smaller diameter liydrocyclones and multi-gravity separator (MGS). Various machine and operating
parameters of MGS like, drum speed, drum tilt, feed flowrate and washwater flowrate were studied.
Best results obtained so far have given a concentrate analysing about 1200 ppm U 3O, with about 50%
recovery. Further work for improving the recovery and concentrate grade are in progress.

3. STUDIES ON IMPROVING THE RECOVERY OF Cu, Ni, Co AND Mo FROM JADUGUDA
URANIUM ORE

The laboratory studies on the feasibility of recovery of copper, cobalt, molybdenum and nickel from
bulk sulfide float (BSF) of Jaduguda Byproduct Recovery plant (UC1L) by sulfatising roasting-'
aqueous leaching were continued under static bed conditions. Earlier studies have indicated the scope
of recovering +93% of Cu, Co and Mo values present in BSF but die recovery of other important by-
product, Ni was only 65%. Further series of experiments have indicated that sulfatisuig roasting of
the bulk sulfide float at increased temperature (550° C), increased residence time (16 hours) and
increased addition of lithium sulfate (12% by weight) followed by two stage acid leaching at a pH
of 3 improves the Ni recovery to 85% without affecting the recovery of oilier metals. For pilot plant
roasting studies, a continuous fluidised bed roaster with a solid input capacity of 2 kg/lir. and
comprising of a reactor, air cyclone, baffle separator and scrubber umts, is fabricated in the section
and is being installed.
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4. RECOVERY OF APATITE FROM JADUGUDA URANIUM MILL TAILINGS

Based on exhaustive bench scale studies on die recovery of apatite by flotation from Jaduguda
uranium tailings, two process schemes were developed. The first process involves rougher flotation
with sodium silicate and sodium oleate followed by seven stages of plain cleaner operations. This
flowsheet gave an overall recovery of about 65% at a P2O5 grade of +30%. The main reason for
higher number of cleaner flotation stages was persistance of tourmaline in the float inspite of repeated
cleaning operations. In order to overcome this a second flotation scheme was designed. In this,
direct flotation of apatite was followed by tliree stages of plain cleaning terminating with reverse
flotation of tourmaline mineral from the plain cleaner float using ainine collector and simultaneous
depression of apatite using inorganic phosphoric acid. The second scheme has yielded a flotation
sink (apatite concentrate) assaying 34-36% P2Oj with about 55% recovery. Further work is in
progress.

5. REDUCTION OF SiO2 CONTENT IN CHROMITE CONCENTRATES OF SUKINDA
CHROMITE ORE

This section has carried out exhaustive studies during early eighties on the beneficiation of cliromite
values from the low and high grade chromite ores of Orissa at the request of Orissa Mining
Corporation Limited (OMC) which has culminated in setting up of a regular production plant at
Sukinda. In tune with the present market demand OMC desired to have a premium grade chromite
concentrate assaying <1% SiOa. The concentrates presently produced contain + 4% SiO .
Beneficiation studies towards this objective have been carried out and suitable modifications have
been suggested in the plant circuit to obtain the required product. The modifications include use of
combination of classification devices and fine gravity machines in the concentrate upgradation circuit.

6. STUDIES ON THE OCCURRENCE OF PRECIOUS METALS ALONG SINGHBHUM
SHEAR ZONE

The occurrence of platinum group element (PGE), particularly palladium and gold in significant
quantities in various Cu-U ores along Singbhum Shear Zone (SSZ) lias been recently discovered by
the Section. A systematic study of these ores has been taken up to understand the nature and mode
of occurrence of PGE, Au and Ag in them. Microscopically, gold occurs in Jaduguda and Mosaboni
ores as both detrital grains and as recrystallized/remobilised grains. Palladian melonite and a group
of other Pd-bearing minerals provisionally identified are kotulskite, merenskyite and sopclute. While
the occurrence of Pd melonite is confirmed by EPMA studies, confirmation of other Pd minerals by
the same technique is in progress. Due to the economic significance of the occurrence of PGE along
SSZ, evaluation of the real content of PGE in these ores is very crucial. Efforts are being made to
arrive at standardised procedure for chemical analysis of Pd in order to have accurate estimation of
PGE content in SSZ.

7. BASIC STUDIES

7.1. Reagent Development for the Flotation of Cassiterite:

The surface chemistry involved in the interaction of cassiterite with alkyl hydroxainic acid/salt type
surfactant has been studied and the understanding obtained from these studies was applied for
recovering fine size cassiterite from the Tosham tin ore, Haryana, by froth flotation. The mode of
interaction between cassiterite and alkyl hydroxainic acid was elucidated using adsorption isotherms
and thennodynamic parameters computed from them, in conjunction with other characterisation
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techniques like FTIR and electrokinetic measurements. These studies revealed that the surfactant
sorbs on cassiterite surface by weak forces, both physical and chemical in nature.

The application studies carried out on gravity tails of Tosham tin ore with hydroxamates and three
other chemisorbing collectors - alkyl phosphoric acid ester, sodium sulfosuccinamate and alkyl
phosphonic acid revealed the better efficiency of hydroxamates and phosphoric acid ester in floating
cassiterite. From gravity rejects analysing 0.25% Sn, a cleaner float analysing 7% Sn could be
obtained at 50% recovery. The grade of the final float satisfies the requirement for further
upgradation of Sn content by chemical fuming technique.

7.2 Studies on Fine Particles Processing by Magnetic Separation

Further studies on modelling of particle capture in super conducting high gradient magnetic separator
based on Eulerian approach were carried out using quartz-hematite synthetic mixture. Taking analogy
from deep bed filtration, the rate equation has been written in terms of matrix length and filter co-
efficient has been modified to include terms representing particle detachment due to drag forces. The
loading of magnetic particles on the ferro magnetic wool matrix in the size range studied (-53um)
was found to be very much dependent on the superficial flow velocity of the medium. The separator
performance was found to be significantly different when dispersed and undispersed feed were used.
Even though the porosity of matrix was more than 0.95, the mechanical capture was found to be
significant due to a variety of reasons. The pore size distribution in the matrix not only favoured
mechanical entrainment but also facilitated embedding of particles. The particle capture by
interception was found to be high. It was difficult to uniformly pack the wool matrix within the
cannister, which favoured capture by interception, leading to spatial difference in packing along the
length of the matrix. The magnetic particles which were held by magnetic forces had to compete with
fluid drag forces and get washed away, while coarser non-magnetics tend to get captured by
interception and get embedded. Attempts are being made to quantify these factors and to incorporate
them into the filter co-efficient.

7.3 MINERALOGY AND GEOCHEMISTRY OF ORE MINERALIZATIONS AT JADUGUDA,
NARWAPAHAR AND BHATIN, SINGHBHUM SHEAR ZONE, BIHAR.

Systematic petrographic and ore mineragraphic studies on the rock types and ore zones from the
Jaduguda, Narwapahar and Bhatin mines were continued. Both the ore zones and the rocks in
between them at Jaduguda contain tourmaline of several varieties, viz. zoned grains, euhedral grains
with overgrowths, sieve textured relicts, porphyroblasts exhibiting herringbone structure etc. Mineral
chemistry of selected tourmaline grains were obtained by EPMA. The structural formula of individual
grains were calculated based on 24.5 oxygen and further studies are in progress.

Major and selected trace element contents of 42 representative rock samples were analyzed by XRF
spectrometry. Rare earth elements, Sc, Hf, Ta, Au and Ag contents of 18 samples were analyzed by
INAA. hi general, Cu and Ni contents of the rocks across the Jaduguda U lode show an inverse
relationship and may indicate different episodes of metallogeny. High Ni zones are uraniferous. REE
content in mineralized zones are high and their chondrite normalised plots show distinct negative Eu
anomaly and enrichment of LREE. Further interpretation of the data is in progress.
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PROCESS ENGLXEERING & SYSTEMS DEVELOPMENT DIVISION

Major Achievements

1 PROCESS DEVELOPMENT FOR HIGH LEVEL WASTE MANAGEMENT

1.1. Joule Heated Ceramic Melter

The inactive vitrification facility with a plant scale JHCM as the central processing
unit was completed and commissioned. The objective was to evaluate the
performance of the melter and its components as well as systems and sub-systems
associated with this central processing unit on a fairly long term basis with the
ultimate goal of perfecting the relevant technology and bringing the same to a level
suitable for adoption for future vitrification facilities.The facility continues to be
operational. In the course of one year, several processing runs were undertaken
during which glass forming additives were fed into the furnace in the form of
aqueous slurry, interspersed with idling periods during which the glass pool is
simply maintained at a predetermined temperature by joule heating. These periods
were effectively utilised for carrying out minor modifications wherever found
necessary. The operation of the facility free of any untoward incident with a staff of
only 2 persons per shift amply testifies to the safety inherent in the process while
bringing out the ruggedness of the melter. The facility has a processing capability
of 40 L/h on a continuous basis as compared to the average processing rate of 7 L/h
in the existing metallic melters. So far the JHCM has produced around 7000 Kg of
glass which is equivalent to the processing of about 30000 L of waste.

Significant contribution made by Waste Management Division, Process Control and
Instrummtation Section and Waste Management Projects Divsion in setting up the
facility, providing adequate instrumentation, electrical and control systems, plant
utility services and operating staff is hereby gratefully acknowledged.

1.2. Calcination Process for High Level Waste

In order to reduce thermal load and volatility losses in the vitrification facility, it is
advantageous to carry out evaporation and calcination in a separate equipment. In
this connection, an analysis of thermal energy requirement for the processes of
evaporation, calcination and vitrification of high level radioactive waste was done.
Feasibility studies in a laboratory scale pot, spray and fluidised bed calciner were
carried out. Design and development of Rotary Ball Kiln Calciner including heat
transfer and process design were completed and technical specifications prepared
for procurement. The design of electrical heating and instrumentation was
completed with the help of Process Control and Instrumentation Section. The
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associated treatment system consisting of cyclone separator, desuperheater and
condenser was designed. Laboratory studies on the kinetics of calcination as
function of temperature and duration of heating for some imporatnt fission,
activation and corrosion products present in the waste were carried out.

1.3. SYNROC Development

Laboratory work on development of SYNROC for immobilization of high level
waste was continued. Perovskite phase was synthesized by, coprecipitating
Ca(OH)2 and Ti(OH)2 and heating for 5 h at 800 °C in a furnace. Repair and
maintenance of HIP unit was carried out.

1.4. Actinide Partitioning

Separation and recovery of uranium, neptunium and plutonium from high level
waste using TBP in presence of various oxidising agents were studied in mixer
settler runs. Potassium dichromate was found to be very effective for this purpose.

For recovery of americium and plutonium extracted in CMPO+TBP, various
complexing agents (citric acid, oxalic acid, DTPA, etc) in buffer media consisting
of weak base (hydrazine, ammonia, etc) and weak acid (formic acid, ascorbic acid,
etc) were tried as strippants. A mixture consisting of citric acid, hydrazine and
formic acid gave encouraging results in mixer settler runs.

2. MANAGEMENT OF ORGANIC WASTES

2.1. Alkaline Hydrolysis Process for Spent Reprocessing Solvent

A complete management scheme has been evolved for the treatment, conditioning
and disposal of spent 30% TBP in n-dodecane solvent using Alkaline Hydrolysis
Process. After successful demonstration of the process in a full-scale inactive
facility set up at WIP (Trombay), work is presently being carried out for the
installation and commissioning of a plant to treat actual spent solvent waste stored
at RSMS. The scheme envisages incineration of the recovered diluent and
immobilization of the aqueous phase containing most of the activity obtained after
hydrolysis in cement matrix. Fixation of the aqueous bottoms in cement matrix has
already been demonstrated upto 200 L inactive scale. For the design, development,
supply and installation of the incineration system for recovered diluent, an MOU
was signed between PE&SDD, BARC and BHEL, Trichy. The MOU is being
executed under Protocols covering various subsystems. The first Protocol covering
design and fabrication of incinerator along with feed system and flue gas cooling
system has already been executed and is in advanced stages of fabrication and
completion. Besides, process instrumentation and controls are also in advanced
stages of procurement.
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2.2. Conditioning of Spent Lubricating Oils

Studies have been carried out for the conditioning of alpha contaminated
lubricating oils. Appropriate cement based blends with suitable additives have
been formulated for the immobilization of such wastes which are otherwise
incompatible with cement matrices.

2.3. Electrochemical Oxidation of Organic Wastes

Electrochemical oxidation of organic wastes like TBP and IX resins has the benefit
of low temperature operation and generation of low volumes of secondary wastes.
For TBP-dodecane wastes, splitting of dodecane from TBP using formic acid was
studied to restrict electrochemical oxidation to that of TBP which requires only
25.7% of O: needed for complete oxidation. Mole ratio of 7:1 and 3-stage counter-
current operation was standardised to get diluent with 0.05% TBP and 3.1% Ru
activity in tests with actual TBP-dodecane waste. While the separated diluent can
be incinerated, formic acid can be recovered by evaporation and recycled or
oxidised along with TBP in electrochemical cell. For IX resins, insitu dissolution
as a first step was accomplished using 30% H2O2 in presence of catalysts at about
70 °C. For use with electrochemical cell, a GC method for CO2 was standardised.

3. DEVELOPMENT & USE OF SELECTIVE SORBENTS/1ON EXCHANGERS

3.1. Disposal of Spent Zeolite Column after use at AFR Facility (TAPS)

After successful completion of the job of removing about 100 Ci of "7Cs from
spent fuel storage pool water using 120 L of synthetic zeolite based on process
developed at PE&SDD, efforts were directed towards generating laboratory data
in support of proposed disposal of the spent zeolite column. On the basis of our
report corroborating the high chemical/thermal/radiation stability of the zeolite as
well as low leach rate values, AERB accorded approval for the disposal of the
spent column in tile hole at SWMF, Tarapur.

3.2. Testing of Cesium Selective Resorcinol-Formaldehyde Polycondensate Resin

Use of a cesium selective Resorcinol-Formaldehyde Polycondensate Resin (RFPR)
is envisaged for treatment of alkaline intermediate level wastes stored at Plutonium
Plant, Trombay. Laboratory-scale column experiments were conducted to
generate information on complete breakthrough behaviour using simulated waste
solutions. Repeated loading-elution-regeneration cycles were carried out. The
effects of preparation conditions, particle size, ageing, etc were studied.
Management of spent RFPR resin was also investigated. The results have shown
that this resin, developed at PE&SDD, could be effectively utilised for the above"
purpose.
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3.3. Composite Sorbents for Cesium Removal from Acidic Solutions

Composite sorbents consisting of silica and Cu/Co/Ni-hexacyanoferrates were
developed for removal of cesium from acidic solutions. Kj values of about 3-6x104

ml/g were obtained in tests with 3 M HNCM solution containing NaNO^, CsNO-;,
hydrazine sulphate and L'4Cs signifying removal of more than 99% of cesium. The
sorbents are granular and mechanically stable. Their most attractive property is
that cesium can be eluted with nitric acid and hence they can be used for loading-
elution cycles in columns. The high selectivity of these sorbents for cesium in
presence of sodium (3-5M) shows that they can also be used for removal of
cesium from alkaline IL waste solutions after adjusting acidity to pH 1-4.

3.4. Synthetic Zeolite for Cesium Removal from Acidic Wastes

The usefulness of a locally available synthetic zeolite AR-1 in sodium form for
removal of cesium from effluents has already been demonstrated in an industrial
scale plant. The modified form of AR-I, obtained after acid treatment of as-
received sodium form, was found suitable for cesium removal from acidic
solutions. Cesium sorption characteristics of this modified zeolite were studied as a
function of acidity and other inactive constituents in solution. Laboratory scale
column tests showed this zeolite to be suitable for removal of cesium from acidic
evaporator condensates. In further studies, the modified zeolite has been
characterized using XRD, IR, 1CP-AES and potentiometric titration. Batch and
column studies have also been carried out for removal of cesium from actual high
level waste arising from actinide partitioning using CMPO-TBP extraction
technique and from PHWR high level waste solution.

4. RADIATION SHIELDING WINDOWS

A notable achievement during the year was completion of refurbishment of a fully
fogged RSW in HIRUP. This was one of the six RSWs in HIRUP which have
become almost totally opaque. The windows were procured from the USA way
back in the seventies and assembly drawings for the same were not available. They
belonged to an entirely different design as compared to the units procured
subsequently by the Department for other facilities and projects. Special tools and
fixtures had to be designed and made to carry out disassembly of the glass slabs
weighing upto 700 Kg and that too with staff not having any previous exposure to
this type of work. Engineers and staff of Isotope Division who carried out this
work under our guidance have been imparted with sufficient training to enable
them to continue refurbishment of the remaining RSWs on their own. The
rehabilitated window has been brought back to its original condition as it was
procured and installed. Each of these windows will be costing Rs 60-65 lakhs at
he prevailing rates.
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Our endeavour in the indigenisation of RSWs continued with full cooperation from
M/s BOGL, Durgapur and CGCRI, Calcutta. These efforts have led to the release
of purchase order to CGCRJ for glass slabs required to assemble 2 RSWs for 1500
mm concrete walls of the hot cells in WIP, Kalpakkam which they will be
executing through BOGL under an MOV. The present capability of indigenous
production is limited to glass with densities up to 3.57 gm/cc. In order to meet the
requirement for higher density glass, a collaboration was initiated with CGCRI
under BRNS scheme for development work in this area. The goal is to achieve a
density of 5.2 gm/cc.

5 CALMSU CONTACTORS FOR SOLVENT EXTRACTION

CALmsu contactors, which have been developed as innovative solvent extraction
equipment for nuclear fuel reprocessing plants, were designed and fabricated for
FUS Plant for recovery of inV. The equipment is in seven modules of six stages
each and end-settlers, and includes 12 stages for extraction, 18 for scrubbing and 12
for stripping. Hydraulic and design validation tests were completed and the units
are ready for installation. CALmsu contactors were also designed and fabricated
for KARP Plant at Kalpakkam for solvent treatment. On-line flowrate meters of
SCAN type and siphon-chamber type were also designed and installed at KARP
plant.

6 EVAPORATOR FOR CWMF, KALPAKKAM

An evaporation plant is being set up at CWMF, Kalpakkam for the treatment of
Category III radioactive wastes from various facilities at Kalpakkam. The process
details were finalised and interconnecting piping, equipment, associated
instrumentation of this plant were designed. Installation work is in progress.

7 MANAGEMENT OF TOXIC WASTES FROM BERYLHJM PLANT

Berylium Plant at Vashi generates four major toxic waste streams during processing
of berylium from Indian Beryl Ore (3BeO,Al2O3,6SiO2) using Fluoride process.

a) Red mud consisting of residues left after extraction of Be from Beryl ore;

b) White mud consisting of residues left after treatment of liquid effluents:

c) Miscellaneous wastes consisting mainly of reduction slag, broken graphite

crucibles, residues left after dissolution of Be(OH;> in NHjHF? solutions;

d) Spent HEPA filters;

Complete scheme including handling and transportation of these wastes from
Beryllium Plant, Vashi to RSMS, Trombay and its disposal has been worked out
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taking into consideration toxic nature of the waste. While the spent filters will be
subjected to compaction as a technique for volume reduction, the red mud waste
will be subjected to vitrification. Trials both on laboratory and pilot scale with
actual red mud have indicated the feasibility of the process.

8 COMPONENT DECONTAMINATION AND CONDITIONING FACILITY.
TROMBAY (PROJECT CD&CFT)

8.1 Civil Works

Civil construction works of the building are under progress. Pile caps and tie beam
works are nearing completion, columns of office blocks have been cast upto first
floor and preparations are being made for casting of the first floor. Actions for
extension of the building for developmental activities related to decontamination
and decommissioning of nuclear facilities were continued. A pool for under water
cutting is also being planned. The building is expected to be completed by Feb.'99.

8.2. Electrical and Ventilation Works

Design of electrical and ventilation systems were completed. Action for award of
contract for execution works have been initiated.

8.3. Process and Mechanical Works

Procurement of bulk material required for fabrication of equipments and structural
support is nearing completion. SS pipes required for various processes and services
have been procured. Procurement of SS and CS plates, channels, glass slabs for
shielding windows are nearing completion. Design and layout of EPs on cell walls
were completed. Fabrication of these items is nearing completion. Items are being
handed over for installation on a regular basis.

Discussions were also held to review and revise the objectives of CD&CFT and to
finalise the users of the Facility. The progress of works on the Project so far is as
per schedule.

9 TECHNICAL SERVICES

Differential Thermal and Thermogravimetric Analysis (DTA-TGA) of 98 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.
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RADIATION BIOLOGY & BIOCHEMISTRY DIVISION

Major Achievements

1. Studies on Radiosensitizers for Radiation Therapy of Cancer.
AK 2123 (sanazole) is a known hypoxic cell radiosensitizer and is currently
undergoing clinical trials in radiotherapy of cancer. Its effect on the lipid
peroxidation in erythrocyte ghost membrane after exposure to graded doses of 60Co
gamma radiation (0-1000Gy) was studied. It has been found that AK-2123 markedly
reduced the radiation-induced lipid peroxidation under oxygenated conditions of
irradiation. Radiation-induced damage in normal tissue namely, muscle lipid
peroxidation was also greatly diminished following administration of drug in vivo into
Swiss mice. These results are of relevance to radiation therapy of cancer. The
mechanism of radiosensitisation of hypoxic tumour cells by chlorpromazine (CPZ), a
currently used tranquillizer, was studied by monitoring the lipid peroxidation in
hypoxic solid tumours in mice after gamma irradiation (20Gy) in the presence of CPZ
(20mg/kg). The results suggest that the mechanism of radiosensitisation by CPZ is
independent of oxidative damage.

2. Radioprotection by chemical and physical agents:
Caffeine, a major component of coffee, was tested for its radioprotection properties in
Swiss mice. When administered with 80mg/kg of Caffeine 60min prior to a whole
body gamma irradiation of 7.5Gy resulted in 60% survival of animals after 25 days in
contrast to 0% survival of animals of control mice which were irradiated without
caffeine.

The studies on the use of mild whole body hyperthermia as an agent for
radioprotection were continued. Mild whole body hyperthermia (WBH) caused
reduced peroxidative damage in rat lung tissues after thoracic irradiation at 20Gy.
However the WBH did not confer any protection to transplanted tumours. These
results suggest that WBH may have great potential in protecting normal tissues which
fall in the radiation field during radiotherapy of cancer.

3. Radioadaptation on radiation-induced thymic lymphonia and model
tumor "barcl-95" in mice:

The occurrence of thymic lymphoma and "barcl-95" was studied in Swiss mice after
moderate radiation dose of 3Gy. Administration of adaptive dose of 1 cGy before the
challenging dose of gamma radiation reduced the frequency of occurrence of tumours.
Multiple adaptive doses were more effective in the case of thymic lymphoma

4. DNA repair in yeast Saccharoinyses cerevisiae.
Yeast Saccharomyses cerevisiae serves as a model system to study DNA repair in
eukaryotes. Studies have shown that exposure to low dose of gamma radiation
(resulting in about 5% killing) results in an enhanced excision repair of UV irradiation
induced pyrimidine dimers. Intact recombination repair system was found to be
essential to observe this enhanced excision repair. An overlap between the
recombination and excision repair pathways has been suggested. Low dose exposure
of gamma radiation, however, did not aflect the gamma radiation response of the
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strain studied. Furthermore, it has been shown that the signal for enhanced repair is
initiated by single and double strand DNA breaks and not by the pyrimidine dinners.

5. Predictive Assays:
Attempts have been made to develop an assay to estimate the radiation sensitivity of
different tumour cell lines. Cell free extracts and linerized plasmids have been used
in this assay. Preliminary studies have shown that fibrosarcoma tumours are more
repair efficient as compared to ascites and lymphosarcoma.

Levels of some of DNA repair enzymes were also estimated in various lines of
tumours and normal tissues. The levels of these enzymes increased after whole body
irradiation but decreased afterwards. This decrease was more pronounced in
fibrosarcoma compared to ascites and lymphosarcoma.

6. Radiation Carcinogenesis:
Among the multiple responses associated with ionising radiation is the alteration of
signal transduction pathway. The phosphoinositide metabolism was found to be
altered in the liver of mice within 15 min of whole body exposure (3 Gy).
Accumulation in the levels of PIP and PIP2 could be observed as early as 15 min The
level of PIP3, involved in tyrosine kinase linked pathways, decreased at 15 min but
rose sharply at 16 min postirradiation. The contents of the second messengers IP3 and
DAG were also elevated. DAG being an internal activator of protein kinase C
resulted in an increase in PKC activity at early time periods. The source of this DAG
could be the phospholipid phosphatidyl choline. The chronological appearnace of
various transducers may be of significance in whole body irradiation.

7. Chemical Carcinogenesis :
The alteration in the signal transduction pathway, obseerved in the whole animal, was
also reflected in the mitochondria where aflatoxin Bf injection stimulated the
phosphoinositide turnover. The effect was most pronounced in PIP3. The second
messengers IP3, DAG and PKC activity recorded a rise at 4 hours. Poly ADP ribose
polymerase activity increased in rats treated with N-Nitrosodiethylamine (NDEA) for
30 days as did the activities of DNA ligase, polymerase and topoisomerases. The
activities of DNA primase and polymerase, however recorded a rise after the 6th week.
Thus, NDEA inflicts DNA damage leading to an increase in DNA repair enzymes in
the initial period and the replicative enzymes at the later period of treatment.
Nitrogen dioxide also increased lipid peroxidation in mircosomes. Antioxidants like
{3-carotene and tocopherol protect NO2 induced lipid peroxidation and damage to
pBR 322 DNA. Lindane, disulfiram and its metabolite were found to inhibit binding
of AFBi to DNA and its adduct formation. In Ames test mutagenicity of
imidazolequinolene could be modulated by various dietary factors. This is mediated
through microsomal exzymes. Thymidylate synthetase (TS) a folate dependent tumor
marker, was inhibited by phenanthroindolizidine plant alkaloids. Cytotoxicity studies
revealed that the growth of bacterial cells is inhibited by these alkaloids. Marked
inhibition of the elevated TS activity of human leukemia patients further supports the
evidence that these alkaloids are anti proliferating agents.

8. Heat Shock protein genes:
Sequencing of the 4.3kb genomic-EcoRV-fragment carrying the dnaK locus was
completed. Analysis of 300 bp upstream sequences of the dnaK gene revealed the
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occurrence of several GAA sequence elements characterstics HSES at -63bp from the
ATG start codon. Unlike in eukaryotic HSES these are separated form each other by
longer streches.

9. Extremely Halophilic Archaebacteriium:
A class II aldolase has been isolated and purified from H.mediterranee. It was found
to be a homomeric dimer of subumit mass of 50 kD. This is similar to other known
Clase II aldolases from bacteria, yeast and fungi.

10 Inhibition of oxalate biosynthesis in ethylene glycol administrated rats
with nicotinamide:

Ethylene glycol (EG) has been recognized as a nephrotoxin and it gets rapidly
metabolized to oxalic acid. A 2-3 fold increase in kidney oxalate levels observed in
EG treated rats was inhibited by nicotinamide, when administered along with EG.
The potential of nicotinamide as a therapeutic agent for the treatment of primary
hyperoxaluria as well as for EG poisoning is being studied.

10. Biochemical studies of metabolic disorders :
The molecular defects leading to a deficiency of lipoprotein lipase, a triglyceride
hydrolysis enzyme, in familial hyperchylomicronemia has been detected. The studies
showed the patient to be a compound hetrozygote for two separate allelic mutations in
intron 8 leading to the expression of chylomicronemia. Studies on the C5TBL/6 mice,
a strain susceptible to atherogenesis have shown that folates may have a central role in
the prevention of homocysteine build-up, which is atherogenic. Long term folate
supplementation also lowered the atherogenic factors such as TC, LDL-C, VLDL-C
and triglycerids in streptozotocin-induced diabetic animals. Feeding mice (AKR
strain) with D2O in drinking water at the levels of 300 ppm, a beneficial effect on the
lipids and lipoproteine were observed. Studies suggest that D2O may have a role in
lipid metabolism and transport.

11. Studies with type II and type I diabetes :
Feeding of lyo-phillised heat-killed preparation of L casei or S. thermophilus at a
dose of lOOmg/kg body wt/day for 5 days to N1DDM or type -II diabetic rats did not
affect blood glucose. Pretreatment of normal rats by s.c.injections of these bacterial
preparations prior to i.p. injections of ST2 for inducing diabetes, did not change
duration required for induction of diabetes nor the extent of it. However, i.p.
administration of these preparations at the same dose to STz-diabetic rats caused
reduction in blood glucose only in L casei treated rats. The reduction in blood
glucose 24 h after second injection was nearly 25%.

Callus and seedling prepared form white variety of onion (Allium cepa) was used to
ascertain antidiabetic activity. The feeding of aqueous extracts of callus to NIDDM
or type -II diabetic rats indicated reduction in blood glucose to the extent of 32% and
the entire seedlings exhibited 30% reduction. Leaves from these seedlings were
effective nearly to the same extent (32%). The IDDm or type -1 diabetic rats were fed
a diet containing jaman (Eugenia jambolana) seed or pulp powder (1% of diet). The
feeding of seed powder had no effect on blood glucose in 1DDM rats. On the
contrary, the pulp effect was apparent in different ways. There was a decrease in the
intake of food in pulp-treated rats as compared to diabetic-control. The reduction in
blood glucose was 20% after 15 days only in case of pulp
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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, R&D and
manpower development. These activities have been persued
vigorously during the year 1997

One plan project (Expanded animal house facility) has been
completed and infrastructural work on the second plan project
(cyclotron-PET)) has been undertaken.

Progress Report - Plan Projects :

i) Expanded animal house project: This project was completed
during the year. It has resulted in more space for animal
experiments, better experimental facilities and healthy well-bred
stock of laboratory animals. Work is under progress to establish
a nude mice colony.

ii) Cyclotron - PET Project : A medical cyclotron and PET, the
first of their kind in India, are being procured. The
infrastructure is being set up and the cyclotron and PET are
likely to be installed in 1998.

Progress Report - Services

Health Care:

During the year 26000 patients (new cases and follow-up)
were referred to the Centre for thyroid function tests, static
and dynamic scintigraphic imaging studies, and treatment of
thyrotoxicosis and thyroid cancer. Some patients were also
treated for painful bone metastasis. Over Rs. 2.5 million were
earned from patient services provided. A wide spectrum of
clinical diagnostic tests involving cardiology, neurology,
pediatric studies, oncology and nephrourology is performed at the
centre.
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Manpower Training

16 students are undergoing training for DRM/DMRIT courses.

3 foreign fellows underwent training during the year under
the auspices of IAEA.

4 medical doctors and technologists availed of specialised
training in Nuclear Medicine and Technology.

Lectures and demonstrations were arranged for students of
DRP course, Biomedical Engineering, and RIA training course for
batches of 15-20 students in each discipline.

With the use of the Internet, educational material on
Nuclear Medicine is made available to the student's with
knowledge update on he newest techniques and clinical
applications available. Students can avail of Internet for
information. An interactive teaching programme package on gamma
camera performance is also available for student training
programmes.

Progress Report - Research fc Development

i) Radiopharmaceuticals

In keeping with the current international trends the
activities of the Radiopharmacy Section saw a perceptible shift
during the past year towards the preparation of radiopharmaceuti-
cals for therapeutic applications in nuclear oncology, in
addition to those being made available for conventional
radiodiagnostic purpose in many areas of nuclear medicine. The
salient features of the programme are highlighted below:

Metaiodobenzylguanidine a radiopharmaceutical for the
diagnosis (Ox) and therapy (Rx) of neuro-endocrine tumours.

This agent is relatively unstable, has a relatively shelf-
life, is very expensive, and unavailable in India at present.
Hence a concerted effort was directed to prepare it indigenously
using existing and available scarce resources.

1. The preparation of the Rx dosage form is a comparatively
difficult proposition besides being a high risk operation since
it necessitates the handling of micro quantities of reactants
alongwith large amounts of radioiodine 1 3 1i a relatively volatile
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species especially at high temp and also a toxic nuclide
(localising in the thyroid glands), and one associated with a
very high radiation field.

2. A process technology for the in-house (indigenous)
preparation of the relatively expensive radiopharmaceutical 1 3 1 i -
mlBG (hitherto unavailable in India) has been standardised, and
optimised with respect to the transfer of reactants to the cheap
disposable micro-reactor, its chemical kinetics including in-
process control using low cost pH sensitive sensors, temp. of
reaction having a predisposed positive apyrogenic effect, the
methodology of its work-up, purification, conversion into a
parenteral dosage form, as well as fool-proof methodologies of
quality assurance and control assays (both physico-chemical and
biologic).

3. During the past year about 9 Rx dosage forms (amounting to
865.0 mCi amounts) were prepared, alongwith about 13 Dx dosage
forms (180.0 mCi amounts). There has been no untoward reaction
in the patients administered with these dosage forms. To date
about 1*50 mCi amounts of Dx have been dispensed and supplied for
clinical use. The latter has been used to study «750 patients.

Indigenous development of 153Srn-EDTMP for palliative
treatment of bone metastases.

Preliminary studies have been carried out to prepare this
radiolanthanide complex (at the Isotope Division, BARC) and to
study the biological profiles of the agent in animals-rats and
rabbits. It was found that it has a significant uptake in the
bone over an extended period of time. Since ^"sm is a &
emitting radionuclide it has therapeutic potential. The
accompanying radiation could be profitably exploited for imaging,
if required. In addition, it can be easily produced in a nuclear
reactor because of its high neutron activation cross-section at a
relatively low cost. The chemical reaction is pretty straight
forward and the complex is robust. These physical, chemical and
biologic properties could be utilised for (palliative) treatment
in patients with painful bone metastases. Further studies are
under way to prepare high specific activity patient dosage form.

ii) Upgradation of old gamma cameras :

Two gamma cameras, GE MAXICAMERA 400T and PICKER DYNACAMERA,
had become non-functional due to malfunctioning of obsolete
electronics circuits. On GE system the linearity correction
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module had gone bad while PICKER system did not have this
feature. This resulted in poor quality images that were
difficult to interpret. Electronics Division has fabricated PC
ADD-ON interface cards for these cameras, incorporating the
necessary uniformity, linearity and energy correction. PC based
interface for GE has the gantry control for SPECT data
acquisition. The GAMMA-11 SPECT software does not have the
facilities available on contemporary GE systems. PC based
processing software has also been developed incorporating these
new features. These cameras are now being used for routine
studies for the last one year.

iii) Development of liposome technology:

Progress has been made in development of liposome technology
for drug and radiopharmaceutical delivery and for favourably
altering organ distribution/disposition of radiopharmaceuticals.

Liposomes have been regarded as promising vehicles for
drug/radiopharmaceutical delivery. Some initial experiments were
done with liposome-encapsulated tropicamide for ocular delivery.
Tropicamide, which is a drug used for dilatation of pupils of the
eye, was initially found to be more effective than free drug when
encapsulated in neutral bilamellar vesicles (BLV) composed of
cholesterol, phospholypol-90 (unsaturated) and phospholypol-90H
(saturated) in a proportion of 4:3:8.

To see whether this effectiveness is due to the longer
retention of the preparation in the conjunctiva and its slower
drainage into lacrimal sac, the liposomes were labelled with
9 9 mTc and their retention/drainage from the rabbit eye was
studied by scintigraphy. The transit pattern was compared with
that of "'Tc-DTPA. Liposomes were found to have longer
retention in conjunctival space and slow drainage into the
lacrimal sac. It is proposed to study liposomes of different
sizes and charges for ocular delivery of tropicamide and other
drugs.

Biodistribution of liposomes of different sizes and charges
was studies using ""Tc-DTPA as an aqueous phase marker. This
study may help to design liposomes for targeted drug delivery to
different organs, radioimmunotherapy, and favourably altering the
biokinetics of radiopharmaceuticals.
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iv. Development of ELISA/RIA kits and PCR for diagnosis of
tuberculosois.

a) Dot-ELISA: Detection of the 38 kDa antigen of M.
tuberculosis, where a 10 ul of the Sputum (Processed) sample is
spotted on a nitrocellulose paper, reacted with a Monoclonal
antibody that is specific for the 38 kDa antigen of M.
tuberculosis and probed with an antimouse lg-enzyme conjugate and
color developed, although is qualitative test in nature is known
to give very good sensitivity and specificity in the diagnosis of
pulmonary tuberculosis. Research and development work is now in
progress to stabilise the regents so that the test can be carried
out at multiple centres in a kit form and if found successful
technology transfered

b) RIA for the quantitation of antigen and antibody. The RIA
for antigen and antibody of M. Tuberculosis that have been
developed earlier are research assays with a number of
centrifugation steps and hence not very user friendly. Attempts
are being made to use different solid surfaces such as coated
tube assays, magnetic particle coated assays and develop kits for
large scale use.

c) Polymerase Chain Reaction (PCR) in diagnosis of
tuberculosis: A PCR for the amplification of a 340 bp sequence of
M. tuberculosis has been developed. This amplification is
sensitive in detection of 10 fg. of DNA which is equivalent to 2-
3 mycobacteria. The test is also highly specific to M.
tuberculosis as DNA from other mycobacteria including M. bovis
and M. tuberculosis H37Ra do not give positive amplification.
During the year extra pulmonary tuberculosis such as tuberculous
meningitis and tissue biopsies have been evaluated. We aim to
transfer this technology also after a more detailed clinical
trial is completed.

v) Strategy to reduce radiation damage due to radiostrontium

From the animal experiments it has been found that
radiostrontium is maximally concentrated in bones at 4 hours
after i.v. administration and at 8-10 hours post oral
administration. Stable calcium administration immediately or at
2 hours post Sr dosing helps to retard skeletal uptake of Sr.
These strategies could have applications in reducing body burden
from Nuclear accidents.
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vi) Development of solid phase radioimmunoassays

During the year progress was achieved in standardizing the
procedures for coating antibody to polystyrene tubes. The
antibody-coated tubes were stable upto 3 months at room
temperature. These tubes were tested for T4/FT4 and TT3/FT3
assays and found to be satisfactory. Work is in progress to coat
monoclonal antibodies for developing coated tube assays for T4.

The saving of foreign exchange is considerable and the
technology can be transferred to firms interested in selling
reagents for ELIZA or Radioimmunoassays.

vii)Studies with anti-thyroglobuliin (Tg) monoclonal antibodies
(MAb) :

Monoclonal antibodies (MAb) were developed against human Tg
by hybridoma technology.

Since MAbs offer as a powerful tool for the elucidation of
structure and function of proteins an attempt was made to study
circulating Tg with a panel of three non-cross reactive MAbs
against Tg based on a standardised IRMA for Tg in normal
individuals and patients with differentiated thyroid carcinoma.
One of the three MAbs (MAb G5II) showed a specific reactivity to
hormonogenic (iodine related)) epitope on Tg while other two MAbs
recognised non-hormonogenic epitope of Tg molecule. The positive
reactivity of G5II with hormonogenic epitope which is present in
the tissue derived native Tg and it's failure to react with serum
Tg suggests that Tg may be circulating in the hydrolysed form
after the thyroid hormone has been liberated from it.

Anti-Tg MAbs were also used after radiolabelling to
localize thyroid tumor xenografted in thymectomized and
immunosuppressed mice. Biodistribution studies with I-
labelled anti-Tg MAbs revealed promising uptake in xenografted
tumor thereby suggesting that these MAbs may have potential for
in-vivo immunodiagnosis.

viii)Experimental thyroid physiology

We have been interested in studying the "Importance of
thyroid hormone in the development of fetus during the period of
gestation".



We have already confirmed the requirement of thyroid
hormones during early period of gestation when rat fetal thyroid
is yet to function and we have performed all our studies at 14
days of gestation as the rat thyroid matures at 17 days of
gestation. During this period the source of thyroid hormone is
maternal tfhich confirms the placental transfer of thyroid
hormones from mother to fetus. Hence, it is necessary to
maintain euthyroid status throughout the period of gestation.

The transfer of radioactive triiodothyronine (125I-T3) from
placenta to fetus was found to be significantly higher, as well
as there is a gradual increase in the transfer from 3 0 to 24 0
mins. after administration of radiolabelled hormone as compared
to that of radioactive thyroxine (125I-T4). This may be due to
the fact that uptake of T3 in a tissue appears to be related to
its lipid phosphorous content while thyroxine is not regulated in
this manner as shown by us previously and placental and fetal
tissues are not exceptions.

ix) Antioxidant and hypolipidemic properties of curcumin :

In our continuing studies on curcumin (an extract from
tumeric, TE) we have observed hypolipidemic effect in patients
with high cholesterol and triglyceride levels. TE was also
found to have hepatoprotective effects in experimental hepatitis
model of rats.
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RADIATION SAFETY SYSTEMS DIVISION

Major Achievements

1.0 Introduction

During the year 1997, Radiation Safety Systems Division
developed a number of specialised radiation monitoring
systems and worked in the area of computer applications to
provide software for handling large volumes of monitoring
data at nuclear power stations. To meet these requirements,
a Local Area Network (LAN) of computers has been designed
and installed which fulfills all the requirements of Health,
Safety & Environment Group. Radiation Hazards Control
Activities and related research & development work was
carried out at the nuclear fuel cycle and radioisotopes
facilities at BARC and other DAE Units in Mumbai. A compre-
hensive Site Emergency Control Centre (SECC) for management
of radiation emergency at BARC site was operated and
upgraded as WHO collaborating centre for REMPAN - Radiation
Emergency Medical Preparedness and Assistance Network. The
Division also carried out evaluations of shielding and
design safety aspects of new and upcoming accelerator and
gamma irradiation facilities. Staff members of the division
served on 16 major safety committees of BARC and AERB.
Industrial hygiene surveys were conducted at BARC facilities
and a number of training courses on accident prevention were
arranged. These activities are briefly described in the
following sections.

2.0 System Developments

2.1 Environmental Radiation Monitor with Navigational Aid
(ERHNA)

A continuous 'Environmental Radiation Monitor with
Navigational Aid1 (ERMNA) for mapping natural gamma
radiation background on countrywide scale by deployment in
railway coaches, has been designed. The system makes use of
Indian railway network. The system uses an energy
compensated (within ±30%) GM detectors for measurement of
environmental dose rate due to natural background, a Global
Positioning System (GPS) for online acquisition of
positional coordinates (longitude and latitude) and an 8085
based data acquisition and processing unit. This system is
deployed in Guards' cabin of a train. The dose rate data
tagged with positional coordinates and collected by the
system during train journey is downloaded into a LapTop PC
for storage, analysis and graphical representation. The
system has been used for background monitoring between
Mumbai and Manmad (See Fig. l).

2.2 Industrial PC based Aerial Gamma Spectrometry System

Aerial Gamma Spectrometry System (AGSS) developed
earlier and used in three successive aerial surveys at RAPS,
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Jodhpur and Kalpakkam is being developed as an add-on card
for a compact LCD monitor based Industrial PC. Such
compact design is necessitated due to availability of a
small helicopter for the survey purpose. The design of the
ADC cum data acquisition add-on board with dual port RAMS
has been completed. Other accessories interface boards and
multi-serial add-on board for acquiring various inputs from
devices like GPS, altimeter etc. are being tested. These
systems are being developed to fulfil the emergency
preparedness needs of DAE and defence services.

2.3 Microprocessor Based New Systems

A ftp based Laundry Waste Monitor using 4 GM counters is
developed to measure the 1-131 radioactivity in the laundry
waste generated during radiation therapy of the patients
undergoing treatment for thyroid cancer at RMC. Data
acquisition, processing and its presentation are performed
by 8085 /zp interfaced to LCD display module. The system is
currently undergoing calibration and test runs at Mod. Labs.

A computer controlled monitoring system for Radio-
logical Control of Vehicle Loads (RCVL) is being developed
in order to detect inadvertent presence or accidental mixup
of radioactive source in vehicle loads or vehicles carrying
scrap, etc. The system being fabricated uses two detector
assemblies each with 3 cylindrical plastic scintillators.

A microprocessor based mobile contamination monitor
using gasflow detectors and remotely operated through an
Infra Red (IR) controller is being developed to scan floor
contamination in inaccessible areas.

3.0 Dose Management Program

A dose management program named as "Dose Management
Software" which can facilitate personnel monitoring at
nuclear power stations has been developed using state of the
art Visual Foxpro software on Pentium-PCs. This is an on-
line program which gives uptodate dose details of an
individual radiation worker, namely, monthly, quarterly and
yearly doses and also breakup of both external and internal
doses. Based on the dose received by the person in the
current year, program finds out' whether he is in normal,
caution, restricted or removal category. For easy identifi-
cation a photograph of the person is also displayed. Large
number of user friendly forms have been created for easy
update, retrieval and processing of personnel monitoring and
radiation safety related plant data. Variety of reports
required by the plant management, HS&E Group, BARC and AERB
are generated by this program. Many standard report formats
using USI job codes have been designed which help in
comparing the man-rem consumption and other operational
parameters of various plants.

Entire program is developed in a modular form,- thus
fine tuning of the program at nuclear plant site is easily
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possible. Program is rugged and user friendly and can be
easily used by the shift personnel who are not thorough in
computer programming. Since data handled by the program is
of sensitive nature, password protection is provided at
various stages. This program has already been put into use
at Rajasthan and Kakrapar nuclear power stations.

4.0 Radiation Hazards Control Activities

4.1 The Division continued to engage in radiological safety
surveillance activities, appropriate to operations at all
the plants/facilities in BARC and other units of DAE in
Mumbai and Indore. The barometer of success of te
operational radiation protection programme continued to the
value of collective exposure and all efforts were made to
keep it low through the application of principle of ALARA.
As a part of this overall objective, attention was paid to
operations requiring continuous monitoring coverage,
effluent discharges and waste disposal procedures, radio-
logical safety related unusual operations and impact of
man-rem budgeting on radiation exposure trends. A programme
for quarterly background radiation surveys around all the
major facilities at Trombay was also initiated. The
collective radiation exposures at all the plants covered by
RSSD are comparable to those in the previous five years and
the trends in average individual dose and collective dose
continued to show a declining pattern (See Fig. 2).

The site emergency control centre (SECC) located at
Mod. Labs, which is the nerve centre for emergency
preparedness at Trombay is being upgraded as REMPAN centre
of World Health Organisation. SECC carried out detailed
radiation Survey of Anushaktinagar and Mandala residential
colonies using Environmental Radiation Monitor with
Navigational Aid (ERNMA) and Gamma Tracer. Similarly
radiation mapping survey of some Bombay roads, on the route
of BARC (North Gate) to Colaba, Ghatkopar, Chembur were
carried out using AGSS, ERNMA and Gamma Tracer. Gamma
spectrometric analyses of soil samples collected from 15
locations of BARC site were also carried out.

4.2 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
(effective from 01/10/97) as a part of its refurbishing
programme, e.g. unloading of the entire Cirus core;
radiation mapping of 35 pile positions and experimental
horizontal beam holes to generate data for planning of
decommissioning operations. Fields upto 8 Gy/h were
measured. Operations will continue during entire 1998.

ii) Detailed radiation mapping during transmission of
neutron beam from Dhruva pile to Guide Tube lab to check
adequacy of improved shielding for the cold neutron beam
facility.

319



iii) Radiation surveys in the Apsara reactor hall with core
in position C and an aluminium box placed in between the
core and the reactor steel wall, to obtain highest possible
neutron fluxes for the proposed PFBR bulk shield
experiments. SSNTD technique based on (n,f) reaction was
employed to measure thermal and fast neutron fluxes in the
cave in the shielding corner.

iv) Planned extended decontamination of cells at Plutonium
Plant to carry out in-cell jobs including replacement of a
few vital pieces of equipment, it involved 204 planned
personnel entries into the cells. Planned personnel entries
(total = 132) into process cells of Evaporation Plant
building for erection and installation jobs related to
engineering facility for separation of uranium.

v) Source replenishment and other operations at gamma
irradiation facilities Isomed, Panbit and Fiply.

vi) Effective control of radiation exposures at Thorium
Plant through improved plant ventilation; RHC coverage for
production of nuclear grade ThO2 and grinding of sintered
Thoria pellets was also provided.

vii) Miscellaneous jobs involving high levels of radio-
activity/radiations included : Post irradiation examination
of reactor components, production of radioisotopes, high
level waste disposal operations, installation of a new alpha
waste treatment facility at ETP (in place of the earlier
facility).

5.0. Miscellaneous R&D Efforts

5.1 The prototype continuous alpha-in-air monitor based on
alpha to beta activity ratio (fabricated in the previous
year) was tested under different ventilation conditions at
different plants in Trombay and its performance was found
satisfactory. The unit is ready for duplication.

5.2 The performance of impaction based continuous alpha-in-
air monitor was further improved by devising a mechanism to
identify and eliminate spurious alarms.

5.3 Correlation factors between activity content of
assorted solid waste in drums (of 200 liters capacity) and
radiation field on the surface of the drum for several
matrices were determined and are being used by Dhruva &
Cirus facilities.

5.4 A new technique for the preparation of electrets by
ionising radiations in air was developed. It employs thorium
hydroxide as a source of air activity. The technique has
been found to be simpler & convenient.
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5.5 Computation of gamma, X-ray and (gamma + X-ray) energy
emission and its variation with enrichment of uranium has
been completed. Dose computations for the same are
underway.

6.0 Human Resource Development Efforts

As a part of Human Resource Development programmes,
divisional staff members were deputed to give lectures and
conduct courses at i) BARC Training School (60 lectures) ii)
Tarapur Health Physics Training Course (130 lectures) iii)
Courses at plant level (80 lectures) and iv) Workshops
conducted by professional bodies. In addition 32 final year
students from various city engineering colleges were
provided guidance and project work facilities. During this
year one staff member received Ph. D. (Physics) and two
other received M.Sc. (Physics) degrees.

7.0 SSNTD and Aerosol Laboratories

7.1 The SSNTD and aerosol laboratories continued their R&D
efforts in exploring new areas of application in the field
of radiation safety. Efforts were made to provide services
to other units employing established techniques e.g. in the
area of neutron dosimetry/flux measurements and assessment
of low levels of alpha activity release from stacks. An
Image Analysis System for evaluation of nuclear tracks was
also set up. Salient features of some of these studies are
briefly mentioned below :

7.2 Image Analysis System for Parametric Measurements on
Nuclear Tracks : Development work on computer-based image
analysis system (IAS) suitable for parametric analysis of
solid state nuclear tracks was carried out in collaboration
with Electronics Systems Division. A System comprising of a
grabber card for acquisition of images from ZEISS
microscope, and a "IMAGE PRO PLUS" software package for
parametric measurements has been set up. Using this system
we participated in an International Intercomparision
exercise involving analysis of 10000 frames. The raw data
on 27 parameters provided by the system was processed using
BASIC and GRAPHER software. The results were submitted to
the organisers at Atomic Energy Research Institute, Hungary.

Development of Composite Detector Comprising CR-39, Lithium
Tetraborate and Polythene Screens for Neutron Measurements :
The method uses 2 films, one for (n,a) reaction and the
other for (n,recoils) reaction to measure thermal and fast
neutrons simultaneously. This technique was used to
confirm neutron fields at certain locations at Kakrapar and
Tarapur Atomic Power Stations. The results matched with
those obtained with rem counter. The method is an
improvement over the existing technique which employs only
one film for (n, r) reaction.
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Evaluation of Low Levels of Alpha Activity Releases from
Stacks into the Environment using SSNTD Technique : SSNTD
technique is being employed to estimate alpha activity
collected on filter paper air samples from stacks, which
have alpha activity below the detection level of
conventional alpha counting setups using zinc sulphide
scintillator. About 35 samples from stacks of PP, RLG have
been analysed and discharges have been quantified. The
technique permits total quantification of environmental
releases.

Low Level Detection of Uranium from Solid Matrces by Gross
Alpha Technique using CR-39 Track Detector : An MDL of 10
ppb has been achieved for glass samples. Measurement of
uranium content of solids like beryllium windows, silicon
chips, etc. is underway to evaluate their utility in low
background/noise instruments.

Neutron Flux Measurement at Apsara : Thermal and fast
neutron fluxes (0th = 1.07 x E6 & #fast = 2.92 x E6
n.cm-^.s"1) were measured at the shielding corner of APSARA
reactor using LEXAN detector and (n,f) technique. This
measurement was carried out to provide quantitative data to
IGCAR Group intending to conduct PFBR bulk shield
experiment. The results were comparable to those measured
earlier by threshold activation foils.

Detection of Protons of Energy <100 keV using CR-39 : CR-39
detector was used to detect and confirm the presence of
protons below <1OO keV employing chemical etching. The
experiment was performed at Van-de-Graff (RF) experimental
facility. This was the first experiment of its kind at BARC
using SSNTD. The results while confirming the successful
nature of the experiment, provided an opportunity to test
locally the lower energy detection threshold of CR-39
detector.

Aerosol Solubility Studies : Aerosol solubility studies are
of great significance for assessing metabolic behaviour and
inhaled dose from radioactive aerosols. Solubility studies
on uranium fire aerosols employing simulated lung fluid have
been initiated and initial hurdles in setting up of the
equipment have been overcome.

8.0 Theoretical Studies and Accelerator & Irradiator Safety

8.1 Theoretical Studies

Energy and angular distribution of bremsstrahlung
radiation emitted from target bombarded by high energy
electron beams in the energy range 1 MeV-2 GeV were obtained
using EGS-4 code. Optimum target thickness and dose rates
were worked out for Cu, Ta and W targets. The results are
being applied to shield requirements of synchrotron
radiation sources at CAT, Indore.
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8.2 Accelerator Safety

The Indus-1 facility at CAT, Indore is presently under
commissioning stage. Special dosimetry and monitoring, of
the ring and transport line in this facility has been
organised for checking of shield effectiveness.

The FOTIA facility, under construction at Van-de-Graaff
building at BARC, is a 7 MV terminal folded tandem
accelerator. To estimate source terms for gamma and neutron
dose rates experiments were done at Pelletron T.I.F.R. and
neutron yields with proton beam on different targets were
measured.

The 500 keV Accelerator is a 20 mA (DC) electron
accelerator under commissioning at BRIT, Vashi. The shield
design for this facility was reviewed. Taking into account
scattered bremsstrahlung radiation from penetrations for
cable entry points and from slits provided for film
transport the shielding has been optimised.

Project Safety Review Committee for Particle
Accelerators (PSRCPA) of AERB has been provided inputs for
safety features of Indus-1, Indus-2, FOTIA and 500 KeV DC
accelerators.

8.3 POTON Irradiator

A wet storage type 105 curie **°Co irradiator POTON (for
potatoes and onions) for preservation of food commodities is
being set up at Nashik. Radiation shield of this facility
has been designed by RSSD. Shield adequacy of ventilation
duct and embedded piping of demineraliser water plant were
worked out. A detailed dose estimate at maze entry and exit
points due to scattered radiation was arrived at and
adjustment in the curved maze design shown in the final
drawing are incorporated for smooth conveyor movement in
order to finalise Shield design.

8.4 R&D Activities at VECC, Calcutta

The RSSD staff at VECC carried out radioactivity
content analysis of 1546 food product samples and earned a
revenue of Rs. 30 lakhs for the department.

Research and development activities in this unit have
been in the field of simulation of accelerator radiation
environments and shielding calculations. A computer code
system has been developed for the purpose using nuclear
reaction model codes and radiation transport codes.
Measurement and calculation of neutron yield distribution
have been undertaken. Sensitivity studies for estimated
sky-shine dose distributions have been performed.

The group participated in the benchmark calculation
exercise organised jointly by the NEA data bank, France and
JAERI, Japan to validate the calculations and the code
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system developed for transmission of quasi-monoernergetic
neutrons (from Li-7 (p,n) reactions) through iron and
concrete shields. Development and implementation of variance
reduction techniques like antithetic variates and sequential
Monte Carlo in Monte Carlo radiation transport calculations
are being done.

The group participated on invitation in four
experiments related to accelerator safety studies with other
collaborating scientists from Japan. Three of the
experiments were carried out in the National Institute of
Radiological Science, Inage, Japan and one in RIKEN,
Wako-shi, Japan using high energy protons (210 MeV) and
heavy ions (180 MeV/u) . The experiments concerned with the
development of a new high energy recoil proton time of
flight neutron spectrometer and measurement of the
distribution of spallation products in media from high
energy nuclear reactions.

9.0 Industrial Hygiene & Safety

Industrial hygiene surveys were conducted during the
various operations carried out at BARC with a view to
assessing the associated health hazards and to recommend
suitable control measures. Surveys were conducted to
estimate lead concentrations during melting and pouring
operations. Industrial hygiene surveillance was provided at
the Beryllium Facilities at Vashi, Navi Mumbai. Surveys were
carried out for the estimation of beryllium concentration in
air, swipe and effluents in the plants. Environmental
distribution of beryllium was estimated and the results
demonstrated that the plants were operating in a safe
manner. In connection with assessment of safety status of
Thorium Plant, IRE, Trombay by SARCOP, ventilation, noise
and illumination surveys were conducted. The Section
participated in the assessment of integrity of mechanical
equipment and their supports of the Plant in this
connection.

The Accident Prevention Programme was continued in
collaboration with the Medical Division. Under this
programme accident investigation, accident analysis and
release of safety educative materials were done.

The problem of disposal of old compressed gas cylinders
at ECIL was studied and safe disposal methods were worked
out. The cylinders were successfully disposed off by the
Unit. Safety assessment of UCIL units at Jaduguda was done
on request from Chairman, UCIL.

Considering that employee training plays a very
important role in reducing accidents, a number of training
courses for employees of different levels were conducted.
The 19th course on "Accident Prevention and Promotion of
Occupational Health and Safety" for Supervisory level
personnel was successfully conducted. Forty six persons from
BARC and other Units of DAE participated in the training
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course. Training courses in safety were conducted for
different levels of participants at Trombay, Tarapur and
Narora. Lectures on industrial hygiene and safety were given
as a part of post-graduate courses at Bombay, Mysore and
Mangalore Universities. Lectures were given on safety to
senior safety officers of IRE plants.

Draft standard on "Chemical Protective clothing : Total
Protection Suit" was prepared and sent to Bureau of Indian
Standards on their request.

10.0 Participation in Safety Committee Deliberations

The expertise available with staff members of RSSD was
made use of by several safety committees (in all more than
40 committees) appointed by BARC, AERB and DAE. In addition,
all the respective RHC unit-in-charges served on local plant
safety committees to review day-to-day operations and advise
on new facilities coming up with the patronage at the
respective plants. Some of the committees in which the
division has made very important contributions are :

1. Advisory Committee on Concerning Radiography Sources &
Cameras.

2. Implementation committee for commercial food irradiation
facility "Poton".

3. Advisory Group on Emergency Preparedness at BARC.

4. Committee for revision of Dhruva Safety Report.

5. Safety committee for Fuel Reprocessing and Nuclear Waste
Management Group.

6. Committee for reviewing the practice of periodic medical
examination of workers.

7. Committee for reviewing of radiation protection rules (1971)
and atomic energy (factories) rules (1984) .

8. Occupational health advisory committee.

9. Metallurgical Operations Safety Committee (MOSC).

10. Standing Committee for Review and Revision of Radiation
safety Documents.

11. Working Group for preparation of Safety Guide on Licensing
for Nuclear Fuel Cycle and Radiation Facilities.

12. Safety Review Committee for Industrial & Medical
Applications of Radiation (SARCAR) on a countrywide scale.

13. Safety Committee for Gamma Irradiation Plants.

14. Project Safety Review Committee for Particle Accelerators.
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15. Reactor safety Committee (for research reactors at BARC).

16. Radiological Laboratories Safety Committee.
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16. Alpha-in-air monitor for continuous monitoring based on
alpha to beta ratio, Somayaji, K.S., Venkataramani, R.,
Swaminathan, N. and Pushparaja, 23rd IARP Conference,
Amritsar, Feb. 19-21, 1997.

17. Assessment of surface contamination, Pradeep kumar, K.S.,
Samant, R.K. and Babu, D.A.R., 23rd IARP Conference,
Amritsar, Feb. 19-21, 1997.

18. Standardization of Radioisotope Package Monitor for
Transport Packages, Harikumar, M., Pardeshi, V.S., Ravi,
P.M., Sharma, D.N. and Mehta, S.K., Rad. Prot. & Env. 20(1),
1996, 26-28.

19. Radiation Safety Manual for Waste Management Facilities,
Trombay, Prepared by : RHC Group, WMFT (V. Ramachandran,
R.C. Purwar, V.K.P. Paniker, K.P. Narayanan, G.T., Nair &
R.K. Gaur) ; Reviewed by : A.M. Bhagwat & N.K. Bansal
(BARC-1997/R/001).

20. Progress Report : 1996 for Radiation Safety Systems
Division, Compiled by : A.M. Bhagwat, D.N. Sharma, M.C.
Abani and S.K. Mehta, BARC-1997/P/001.

21. Radiation Hazards Control Activities in BARC & other DAE
units in Bombay & Indore; Annual Report : 1996, A.M.Bhagwat,
D.P. Pimputkar, M.P. Mogal, Pushparaja and S.K. Mehta,
BARC/1997/R/005.
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22. An integrated software package for control and data analysis
of an Aerial Gamma Spectrometric System (AGSS), Probal
Chaudhury, Kale M.S., Raman N., Suri M.M.K., Krishnamachari
G., Pradeep Kumar K.S. and Sharma D.N., Radiation Protection
and Environment, 20(3), 111-118, 1997.

23. Environmental Gamma Dose rate monitoring along Mumbai - Pune
route using "Environmental Radiation monitor with
Navigational Aid1 Padmanabhan N.( Kale M.S., Raman N.,
Krishnamachari G., Harikumar M., Sharma D.N. and Mehta S.K.,
Radiation Protection and Environment, 20(2), 105-110, 1997.

24. Automation in radiation monitoring procedures for radio-
pharmaceutical transport packages:Software aspects; Pardeshi
V.S., Harikumar M., Kale M.S., Banarjee S., Sharma D.N. and
Mehta S.K., paper presented at symposium on Automation in
Process Engineering and Manufacture (SA-PREM-97), Nov.
26-28, 1997, Kalpakkam.

25. Radiation Protection : The International Basic Safety
Standards (BSS), Pushparaja and Mehta S.K., INS News, Vol.
10(2), 16-24, 1997.

26. What is so special About Radon?, D. Krishnan and Pushparaja,
Radiation Protection & environment, 20(2), 54, 1997.

27. Evaluation of radiological hazards from radioactive wastes
generated in Th-U-233 reactors, Dingankar M.V., Ph.D.
Thesis, University of Mumbai, 1997.

28. Application of life table methods for evaluating fatality
risk from exposure to ionising radiations, R.Sarangapani,
M.Sc. Thesis, University of Mumbai, 1997.

29. Radiological safety aspects of Indian watches containing
tritium, G. Sadagopan, S.H. Sadarangani, K.S.V. Nambi, T.M.
Krishnamoorthy and G. Venkataraman, J. of Radiation
Dosimetry, 72(1), 49-53, 1997.

30. Current measurements on the distribution of tritium in fresh
waters of India, Radiation Protection and Environment,
Katnala Rudran, S.H. Sadarangani, B.B. Adiga and S. Sugandhi,
20(1), 13-16, 1997.

31. Tritium and U-233 breeding studies in a hybrid blanket
assembly containing throium oxide and lithium aluminate,
T.R. Basu, R.P. Anand, D.V.S. Ramakrishna and S.H.
Sadarangani, International conference on nuclear data for
science and technology, Trieste, Italy, May 19-24, 1997.

32. Measurements on the distribution of tritium in fresh waters
of India, K. Rudran, S.H. Sadarangani, B.B. Adiga and S.
Sugandhi, 23rd IARP conference on "Recent Advances in
Radiation Measurements and Radiation Protection, Amritsar,
Feb. 19-21, 1997.
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33. Tritium breeding studies in a hybrid blanket assembly, T.R.
Basu, R.P. Anand, D.V.S. Ramakrishna and S.H. Sadarangani,
Progress Report on Nuclear data activities in India, 1997.

34. Characterisation of Airborne Ce, Th and Cd in Workplace and
their Correlation with their Concentration in body Fluids
and extreata of Occupational Workers Using NAA, ICP-AES and
XRF, A.C. Paul, P.M.B. Pillai, Sujatha Radhakrishnan, Madhu
G. Nair, Pramila Sawant, A.R. Laxmanan, B.S. Negi, Anil
Kumar S. and Narayani Krishnan, Working Paper Presented at
the RCM at IAEA, Oct. 20-24, 1997.

35. Recent Sedimentation rates in Thane Creek Using Pb-210
Dating Technique, S.K. Jha, T.M. Krishnamoorthy, G.G.
Pandit, Anil Kumar S. and K.S.V. Nambi, International
Symposium on Isotope Techniques in the study of past and
current environmental changes in the Hydrosphere and the
Atmosphere, Vienna, Austria, 14-18, April, 1997.

36. "Use of Neutron Activation Analysis for Detection of
Explosives', N. Chattopadhyay, A.K. Basu, M.S. Rao and M.C.
Abani, Presented at National level short term training
programme on "Explosion Crime Scene Management & Postblast
Analysis", Hyderabad, Dec. 15-19, 1997.

37. "Health surveillance of workers incurring radiation
exposures" Mehta S.K., Bhatt B.C., Pradhan A.S., Narayan S.,
Rad. Prot. & Env. 20(3), 104, 1997.

38. "Excitation function measurement and reaction mechanism
analysis for alpha induced reactions on Au-197" - N.
Chakravarty, P.K. Sarkar, M. Nandy and S. Ghosh, Journal of
Physics G, Vol. 24, p 151-166, 1997.

39. "Increasing the efficiency of radiation shielding
calculations by using antithetic variates" - J.H. Halton and
P.K. Sarkar, Computers and simulations, Vol. 15, p 53-62,
1997.

40. "Sensitivity studies of air scattered neutron dose from
particle accelerators" - G. Prabhakar Rao and P.K. Sarkar,
Journal of Statistical Computation and Simulation, Vol. 57,
pp. 261-270, 1997.

41. "Validity of Fermi distribution in non-equilibrium
processes" - M. Nandy, S. Ghosh, P.K. Sarkar and N.
Chakravarty, Proc. DAE Nucl. Phy. Symposium, Dec. 26-30,
1997.

42. "Thick target pre-equilibrium emissions using realistic
single particle levels" - D. Dhar, S.N. Roy and P.K. Sarkar,
Proc. DAE Nucl. Phy. Symposium, Dec. 26-30, 1997.
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RADIATION STANDARDS & INSTRUMENTATION DIVISION

Major Achievements

A Instruments for" Radiation Protection

A.I Ion Chamber Radiation Survey Metert

An ion chamber based Radiation Survey Meter has been ;devel-
oped for the routine radiological survey of radiographic institu-
tions and radiographic equipments. An ion chamber of volume 300
cc is used as the radiation detector. The ion chamber current is
measured by using an ultra low bias, solid state electrometer
amplifier type OPA 128. The instrument can measure radiation
levels.from 5 mR/h to 5 R/h. All the sensitive components such as
high meg resistors, range selection switch and electrometer
amplifier are housed in a shield box to reduce the leakage cur—
rent due to moisture and noise pickup. A dc - dc converter
provides the required EHT for the operation of the ion chamber.
The instrument works on 4 x 1.5 volts pencil type battery cells.
The instrument has been checked and calibrated.

A.2 Universal Dosemeter

An Universal dosemeter with replaceable smart probes has
been developed. The dosemeter has facilities for displaying
count-rate (digital/analog) and analog DC amplifier for measure-
ment of ion chamber currents. The electronic circuit of the
instrument is based on a microcontroller, which identifies the
probes automatically by reading a memory device built in the
probe and accordingly selects required EHT and range.The instru-
ment software has been developed and tested. Fabrication of the
probes is in progress.

A.3 Bean Therapy Dosimeter

The electronic circuit has been redesigned by using the ADC
7135 in place of ADC 7109 so as to increase the measurement range
of exposure from 400 cGy to 1999.9 cGy. The software program is
also modified to restrict the values of temperature from OoC to
40 oC and pressure from 800 mbar to 1050 mbar, to be used in
the expression for temperature and pressure correction. Studies
are also being done on the leakage current of an ionisation
chamber with the cathode made of locally available carbon filled
tefIon.

A.4 Oensitometer for Quality Assurance Kit:

A compact battery operated Densitometer based on Intel 87C51
microcontroller has been developed. This instrument is to be
used along with a Wisconsin KVp test cassette for evaluating
KVp of diagnostic X-ray machines. The Densitometer consists of a
low cost, high efficiency photo diode operating in short circuit
current mode and a high efficiency LED light source driven by a
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temperature compensated constant current source. A unique feature
of this instrument is that it employs a current to frequency
converter and a logarithmic look up table to read the optical
density of personnel monitoring films and diagnostic x-ray films.
The Densitometer measures optical density in the range 0 - 3 0.D
with an accuracy of 0.02 O.D.

A.5 Radmon Micro

A microprocessor (Intel 97C51) based Radiation Monitor has
been developed using a 6.M.counter (ZP1320) for measurements of
dose rates from 0 - 99.99mR/h (0 - 999.9uSv/h) to 0 - 19.99
R/h (0 - 199.9mSv/h) in four linear ranges. The detector is
provided with an energy compensated filter in order to achieve
an overall energy response within +. 20 7. in the energy range from
60keV to 1.25 MeV. A 2 - line alphanumeric dot matrix LCD display
is used for simultaneous display of dose rate digitally as well
as in analog bar graph. This Radiation Monitor has been designed
with a number of features like, facility for storage of thirty
readings with the serial numbers, storage of Calibration factor
and preset dose rate alarm in a nonvolatile serial EEPROM,
selection of units, and a buzzer for audio alarm. The stored
dose rate readings with the respective serial reading numbers can
be transferred to a PC through a built-in RS-232C serial link.
Operation of the Radiation Monitor is controlled by four front
panel membrane switches namely, DISPLAY/SELECT', INC, ;DEC'
and STORE/RECALL'.

A.6 Microcontroller based Therapy Dosimeters

This microcontroller based therapy dosimeter was developed
earlier for the measurements of output of the Teletherapy ma-
chines. The dosimeter has built-in features like, automatic
temperature and pressure correction, preset dose /preset time
mode measurements. Zeroing of the integrator/ amplifier in the
absence of any radiation field which was done manually is now
replaced by an autozerowing circuit using a DAC IC 7528.
available and readout with this is under evaluation.

A.7 Ionex Dosemeters

A Dual channel PC based ion-chamber dosimetry system is
being developed . The instrument consists of two electrometer
amplifiers and a microcontroller to transfer the data to a PC.
Various features such as temperature and pressure corrections,
ratio mode of operation, auto zeroing, display of parameters on a
PC screen, programmable polarizing voltage are being incorpo-
rated. Work on this project is in progress.

B Radiation Standards and Calibration facilitiesi

B.I Effect of irradiation temperature on the response of gluta-
mine dosimeter was investigated in the temperature range of 15-
55oC using a constant temperature water bath to control the
irradiation temperature within +0.5oC. Glutamine dosimeters were
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irradiated to different doses at different temperatures in a
Gamma Chamber. The irradiated dosimeters were evaluated using the
spectrophotometric readout method. A calibration graph was pre-
pared at irradiation temperature of 25oC. The doses measured by
glutamine dosimeters at other temperatures were read from this
calibration curve.The results showed that the effect of irradia-
tion temperature was minimum around 30oC. The temperature effect
was found to increase with increase in dose above about 30oC and
decrease with decrease in dose below 30oC. However, at doses upto
25 kGy which are used in food irradiation and sterilization of
medical products, this effect is minimum. This work was carried
out under IAEA Research contract No. 8532/R1/RB.

B.2 The dosimetry of 2 MeV industrial electron accelerator
using glutamine dosimeter was carried out in collaboration with
Isotope Division, BARC. The depth doses were measured at the
center of the beam and at a distance of 25 cm from it. The maxi-

2
mum dose was found to be at a depth of 240 mg/cm . The dose-rate
at 25 cm from the center of the beam was about 11*/. lower as
compared to the center of the beam for stationary conveyor
while for the moving conveyor, the difference between the two
positions was about 4%.

B.3 RSG Reference Standard, Nuclear Enterprises (NE) make cham-
ber (type 2571) was calibrated against primary standard graphite
cavity chamber at Co-60 gamma energy and sent to IAEA Vienna for
inter comparison purposes .

B.4 Extrapolation chamber was used to estimate the dose at 10 cm
from the surface of Sr—90 source of nominal activity 2.50 MBq and
the value was estimated as 7.84 mGy/h and the source was used to
irradiate TLD batches from Shrilanka in the range of .5 mGy to
10 mGy.

B.5 The neutron sensitivity of the Cobalt and Vandium Self Pow-
ered neutron detectors developed by M/S ECIL was computed and the
agreement between the computed and the measured values of the
same was observed to be better than 3"/.. These values of total
sensitivity obtained for three detectors (APSARA core) compare
well (better than 10 "/. ) with the values obtained by other inves-
tigators for detectors having same dimensions.

B.6 Activity measurement of Cesium-137 was completed for SIR
programme. The sample and the results were sent to BIPM.

B.7 In order to facilitate dose measurements with telecobalt
units at radiotherapy centres during investigations of the causes
of large deviations in postal dose TLD inter comparison , it was
decided to use perspex phantom instead of water phantom and the
required correction factor from perspex to water measurement was
determined by carrying out measurements for various field sizes
and depths in water phantom and in air .

B.8 Theoretical studies were carried out on the neutron and
gamma sensitivity of a nickel self powered neutron detector as a

334



function of its etnmitter diameter. The components of the total
signal of the detector (1) due to the different isotopes present
in the natural element (2) from the build up of other isotopes
due to irradiation in'areactor core were computed. This data is
being sent for publication.

B.9 For energy response evaluation of different neutron monitors,
the average and effective energies of various radioactive neutron
sources used viz. AmrBe, Am-B, Am-F,Pu-Be, Cf-252 and Ra- a- Be
were computed. Recent data on the neutron spectrum of these
sources and neutron fluence to ambient dose-equivalent conversion
factors were used in this connection.

C TL Do»xmgtric Studies. Quality A»»ur«nce & Dose Records

C.I 10 batches of CaS04:Dy TLD phosphor prepared by a standard
technique were tested for TL sensitivity and ratio of dosimetry
peak and lower temperature satellite peak. Peak height ratio has
been found to be severely dependent on grain size in some
batches. It has been concluded that this dependence is due to
the difference in the quantity of Dy concentration in micro
crystals of various sizes formed during the preparation process.

C.2 Study of variation of peak height ratio on grain size and
batch to batch of CaS04:Dy phosphor dependence was confirmed in
new batches of the phosphor. Result showed that peak height
ratio dependence on grain size is more in some batches having
lower crystalline nature. These samples are being analyzed for
the change in dopant concentration with grain size. This study
will help us in optimising the testing of TLD phosphor and stan-
dardising the preparation procedure of the phosphor batches to
be used in personnel monitoring.

C.3 For the purpose of development of a good UV dosimeter, post
irradiation fading study of UV and gamma irradiated phosphors
Y Al 0 :Ce, Y Al 0 :Tb, Y(V,P)O and Calcium Halophosphate
3 5 12 3 5 12 4
(Mn,Sb) was extended upto 45 days. The TL response was found to
be independent of radiant flux, thus making them useful for UV
dosimetry.

C.4 Intrinsic response of TL phosphor A1203(Si,Ti), Mg2SiO4:Tb,
CaF2:Dy, CaF2:Tb, CaO:Dy, CaS04:Dy and CaS04:Tm to 365 nm, 254 nm
was measured. CaF2:tb (single crystal) was studied in details for
its TL response to 254 nrn, 365 nm and individual photon-spectral
response over 220-400 nm at intervals of +_ 5 nm were studied.

C.5 The present procedure of evaluation of urgent TLD cards was
studied and is found to result in an over estimation of 10-15/C.
This is due to systematic error of fading of low temperature glow
peaks of CaSO :Dy in the calibration cards usually exposed a week

4
ago or more and kept ready for reader calibration check. A new
method of post-irradiation annealing is being developed to
increase the accuracy in the evaluation of urgent TLD cards.

C.6 Following development/modifications in software were done
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for dose records:

(i) Creation of Annual dose master for 1997 by including the
names of currently active persons in the year 1996.

(ii) Modification of annual report format was done to include in
the print-out, the list of associated personal numbers for the
persons who have worked in more than one institution.

(iii) Further work on applications software using unique-con-
trol number (a) to modify the display of data in ordered fashion
and (b) for making the related records consistent in the cumu-
lative dose record file and the name file, (c) to incorporate use
of control number—records in the five-year block file generating
software for report preparations.

(iv) Modification for retrieval, screen display and updating of
dose data from cumulative master as well as retrieval of service
dose has been done. Modification has also been done for yearly
entry in cdmaster by introducing error routine. A set of 6 pro-
grams in generation of Unique number for previous working insti-
tution has been made.

C.7 In order to meet the increasing requirements of personnel
monitoring it has become necessary to decentralise personnel
monitoring service.To carry out this, it has felt necessary to
consider accrediting some of the laboratories in the country. A
booklet describing operational and technical requirements to be
followed by the laboratory for processing thermoluminescence
personnel dosimeters(TLD) has been prepared.Performance testing
procedures, post-accreditation responsibilities of laboratory,
checklist for assessors and a format of application for seeking
accreditation have been finalised out and included in the book-
let.

D Personnel Monitoring Programme

D.I IAEA/RCA Personnel Dosimeter Inter comparison

The P.M.Section has participated in the above inter comparison.
It was conducted in two phases. Phase I was from Sept.1995 to
April 1996 and Phase II from Sept. 1996 to April 1997. During
Phase II, 30 TLD dosemeters were sent to JAERL,JAPAN. These were
irradiated to six photon energies including two mixed fields.
The results were sent by us during March, 1997 and information on
overall results were received by us during May, 1997. The agree-
ment between delivered dose value and measured dose value has
been quite good and is well within internationally accepted
limits. The intercomparison will conclude with a Review meeting
to be held in INDIA during Dec. 1997. One representative from
each country will be invited by IAEA and the results will be
reviewed and recommendations shall be made for future action in
the meeting.

D.2 As part of introduction of automation in the routine per—
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sonnel monitoring services, in collaboration with Electronics
Systems Division, an Image Analysis System for Automation in
fast neutron monitoring using CR-39 SSNTD has been developed and
introduced in the FNM service. The system offers increased reli-
ability and considerable saving in counting the ECE developed
damage tracks on CR-39 SSNTD.

D.3 Study of Tin as threshold detector in criticality accident
dosimeter Criticality Accident Dosimeter (CAD) Badge contains two
fast neutrons detectors-indium and sulphur with effective
threshold of 1.2MeV and 2.9MeV respectively. During a criticality
incident, neutrons of all energies from thermal to fission and
gamma rays are emitted. Thermal neutron activation of indium

116m
gives In (half life 56 min) whereas fast neutron activation

115m 115m
of indium produces In (half life 4.5 h). In can only be

116m
measured after the decay of for 8-10 hours. If the delay
between the incident and measurement is large as is likely for

115m
the outstation units, the activity of the In decays below the
detection threshold. To overcome this difficulty tin has been
investigated for fast neutron detection by the reaction
117 117m 117m

Sn(n,n') Sn. The Half life of Sn is 14 days as com-
115m

pared to 4.5 hours of In . However it's sensitivity is nearly
thirty percent that of indium. Tin can be incorporated as in the
badge for use, in case indium activity has already decayed.

E SERVICES

E.I Calibration & Doss Records

Quality Assurance Check of TLD Personnel Monitoring Services
Quality assurance check (16th cycle) was conducted for 10

stations and groups responsible for TLD personnel monitoring
services. Reports were evaluated and were analysed for perfor—
mance indices and the ratios D3/D1 and D2/D1 etc. The value of
tolerance level for the performance indices for different sta-
tions ranged from 0.08 to 0.35 as against the acceptable limit of
0.5. This ensured the satisfactory performance of TLD service.

Institution Annual Report

Institution annual dose report was completed. As per the earlier
format, the report includes the details of doses received in the
institution in 1996, annual doses and total for the block years
1994, 1995, and 1996 and total cumulative dose. In addition, the
report indicates all the associated personnel numbers for the
radiation workers who have worked in more than one institution,
thereby assuring proper updating of the dose records for the
radiation workers.

E.2 Personnel Monitoring Services
The Division provided countrywide personnel monitoring for

41,000 radiation workers from industrial, medical, research and
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DAE institutions including five power reactors,PREFERE,TWMF &
IGCAR, using CaSo :dy TLD and agfa-Sevaert films. About 1250

4
radiation workers are provided fast neutron monitoring service
using Kodak NTA nuclear emulsion and CR-39 SSNTD. About 400
criticality accident dosimetry badges are also issued to various
OAE units. During this year, about 120 cases of overexposure
exceeding lOmSv were reported. Six persons were called for CA
Test. About 60 cases were investigated by the Overexposure Inves-
tigation Committee during this period and follow up measures were
recommended.

E.3 Radiation standards

Therapy Level dosimetry

(i) Postal dose TLD inter comparison was organized for all the
high energy machines (14 total) in the country. 13 H.E. units
showed deviations less than 5%. A special Co-60 TLD inter compar—
ison batch was also organized for five institutions out of which
only one institution showed deviation greater than 57.. The cause
for large deviation is being investigated.

(ii) In order to facilitate the use of perspex phantom for ab-
sorbed dose measurement on field in the place of standard water
phantom,the conversion factor for measurement in perspex phantom
was evaluated using the procedure given in AAPM code of practice.

(iii) About thirty Therapy level dosemeters were tested and
calibrated and certificates issued .

Protection Level Dosimetry

(i) Fluorescent X-ray measurements were carried out using Philips
RT250 deep X-ray machine beam (75Kv) as radiation on copper
radiator. Fluorescence output measurements were carried out using
Free Air Chamber and the quality of the fluorescent beam was
determined. Similarly fluorescent beams were obtained using
Molybdenum, Cadmium and Tin as radiators and attenuation correc-
tion factor for these beams were determined. A reference standard
Exradin chamber was calibrated against FAC for above fluorescent
beams. A radiation monitor was also calibrated for these beams.

(ii) Directional and ambient dose equivalent conversion factors
were calculated for RSS diagnostic machine X-ray beams from the
spectral distribution determined earlier using analytical expres-
sion given in the literature.

(iii) Calibration services were provided for 59 no.s of detector
systems and dosimeters of different Divisions in B.A.R.C. and 40
no.s of radiation monitors of various institutions in the coun-
try.

Dosimetry for Radiation Processing

i) The ceric-cerous dosimeters supplied by Nordion International
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Inc. were calibrated at controlled temperature of 30oC. for each
dose in the dose range of 0.5 to 6.5 kGy.

(ii) A dose intercomparison was carried out with SARC at the
minimum and maximum positions within a product box of their
medical sterilization plant. Ceric - cerous dosimeter used by
SARC and glutamine dosimeters mailed by RS&ID, were used for this
intercomparison. The ratios of dose measured by SARC/RSID were
0.986 and 0.979 respectively showing a good agreement between the
dose values.

th
(iii) The 35 batch of postal dose TLD inter comparison for
Co-60 machines was completed for 41 participants and results of
inter comparisons have been communicated to participants.

Other Measurements

(i) Standard Caesium-137 disc sources (30 no.s) were supplied to
various users in B.A.R.C. Phosphorus-32 (4 no.s), Pu-239+, Am-
241, Pu-239, U-235, Sr—90 and Cs-137 sources were standard-
ised for different Divisions of B.A.R.C.

(ii) Neutron fluence rate profile measurements were carried out
at the beam holes T 1013 and 1015 and at various locations of the
two neutron guide tubes of DHRUVA reactor by gold foil activation
technique.

E.4 Instrumentation!

One TLD Medical Reader (THELMEDOR) was fabricated, tested and
handed over to Calibration & dose Records Section of this Divi-
sion. A total of 50 TLD manual Badge Readers, 6 Secondary
Dosimeters and two Clinical dosimeters were repaired during this
period.

E.5 Technology transfer

Technical know—how for the commercial production of " Beam Thera-
py Dosimeter and "Radmon Micro" were transferred to M/S Nucleonix
Services Pvt.Ltd., Hyderabad.

F. Deputation

1. Dr. A.S.Pradhan, IAEA/RCA Regional Workshop on distance Learn-
ing Projects in Radiation Protection, ANSTO, Australia, March 17-
21, 1997

2. Dr. A.Kannan, Review Committee Meeting on CRP on "Development
of Quality Assurance Programme for Radiation Therapy Dosimetry in
Developing countries" Vienna, Oct. 4-10, 1997

3. Dr. B.L.Gupta, Research Coordination Meeting of IAEA on
"Characterization and Evaluation of High Dosimetry Techniques for
Quality Assurance in Radiation Processing" Vienna, Oct. 6-9,
1997.
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G.TRAINING

Members of this Division were engaged,in delivering lectures,
conducting field training and practical experiments for the
trainees of one year course in Diploma in Radiological Physics.
Lectures were also given to students of (i) the Masters
degree programme in Medical Physics of Anna University, (ii)
Health Phy*sics Stipendiary Training Course, Tarapore, (iii) Short
term course on Safety Aspects in the Erection & Maintenance of
Nucleonic Gauzes held at TIL,Rasayani, (iv) participants of
19th course on 'Accident Prevention and Promotion of Occupa-
tional Health and Safety' organised by Industrial Hygenine and
Safety Section.

A Scientist from Shrilanka was trained in the calibration
Techniques and practices in Radiation Dosimetry.

PUBLICATIONS

1. 'An automated TLD Badge Reader for large scale personnel
monitoring' R.Ratna, M.S.Kulkarni and S.Kannan, Symposium on
Advances in Nuclear and Allied Instrumentation.Feb. 5-7, 1997,
B.A.R.C. Mumbai- 400 085

2. 'A microcontroller based read out unit for smart personnel
monitoring TLD badge' U.P.Gaonkar, M.S.Kulkarni and S.Kannan,
Symposium on Advances in Nuclear and Allied Instrumentation. Feb.
5-7, 1997, B.A.R.C. Mumbai - 400 085

3. 'Performance enhancements in an automatic TLD Badge Reader
System developed for large scale personnel monitoring' S.Kannan,
M.S.Kulkarni, P.Ratna and M.D.Lalsare, Twenty third Annual IARP
Conference, Guru Nanak Dev university, Amritsar, Feb. 19-21,
1997.

4. 'A low cost electronic pocket dosimeter based on a Si diode
detector' K.C.Bajaj, S.Pente and S.Kannan, Twenty third Annual
IARP Conference, Guru Nanak Dev University, Amritsar, Feb. 19-
21, 1997.

5. 'A new wide range survey meter based on a Si diode detector'
M.D.Lalsare, K.C.Bajaj and S.Kannan. Twenty third Annual IARP
Conference, Guru Nanak Dev University, Amritsar, Feb 19-21, 1997.

6.' Thermoluminescence of YAIGrCe, YAIG:Tb and Y(V,P)O and its
4

application for Ultraviolet Dosimetry' J.S.Nagpal, A.G.Page,
T.K.Sheshagiri and G.Alexander, Twenty third Annual IARP Confer—
ence, Guru Nanak Dev University, Feb. 19-21.1997

7. Measurement of Air Kerma rates & absorbed dose for
brachytherapy sources with secondary standard dosimeters'
D,D.Deshpande, A.S.Pradhan, J.S.Avadhani and P.S.Viswanathan,
J.Med. Phys. 21, 196-200, 1996.

340
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1996.

9. 'TLD Measurement of Indoor Gamma Radiation Annual Doses in
Chavara, Kerala', D.K.Kapoor, V.Padmanabhan, V.S.V.Iyer,
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11.' Neutron Dose Measurement in Pelletron Accelerator using NTA
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13. 'Some studies on Cobalt and Vandium Self Powered Neutron
Detectors Developed by ECIL' P.S.Rao, A.K.Mahant, Suresh Rao,
S.M.Tripathi and S.C.Misra, Seventh International Symposium on
Radiation Physics, Jaipur, Feb. 24-28, 1997.

14. 'Role of Personnel Monitoring in Nuclear Medicine' (invited
talk). A.S.Pradhan, Seminar on Radiation Protection in Nuclear
Medicine, AIIMS, New Delhi, Feb. 17, 1997.

15. 'Calibration check of personnel monitoring TLD readers using
Co-60 and Cs-137 sources', M.M.Adtani and A.S.Pradhan, in Proc.
National Symposium of Radiation Physics, Jan. 28-30, 1998, Jodh-
pur(in press).

16. 'Ultraviolet and Gamma radiation induced Luminescence of
YAlGrCe, YAlGiTb and Y(V P)04iEu', J.S. Nagpal, A.G.Page, T.K.
Sheshagiri & G.Alexander, Radiation Protection & Environment, 20,
(1997), 43-46.

17. 'Role of post-irradiation annealing for instant evaluation of
personnel monitoring badges based on CaS04:Dy teflon TLD discs',
A.S. Pradhan an A.B. Baksi, in Proc. National Conference on
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Press).

18. 'Requirements of thermoluminescence dosimeters for personnel
monitoring', A.S. Pradhan, Proc. National Conference on Lumines-
cence and its Application, Oct. 13-15, 1997, Raipur (in Press).
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RADIOCHEMISTRY DIVISION

Major Achievements

Introduction

Radiochemistry Division is engaged in carrying out front
line research on the area of nuclear chemistry, actinide
chemistry and actinide spectroscopy. The division is also engaged
in carrying out relevant applied work such as a) quality control
of fuel materials, b)non-destructive assay techniques,
c)separation processes and d)measurement of nuclear data of
relevance. Another major area of activity is providing training
and facility for research in the area of nuclear and
radiochemistry to universities. Highlights of R & D achievements
in calender year of 1997 and publication in international
journals are given below.

Nuclear Chemistry

Basic Research

Nuclear reactions;

In the heavy ion induced reactions contributions from
complete fusion (CF) and incomplete fusion IICF) provide a clue
to the mechanism of the reaction. In the 1 2C + 1 0 3Rh reaction,
ICF was determined to be substantial. Excitation functions for
the reactions 23Na + DyCo and J/Cl + 45Sc were measured with an
anion to investigate the cross sections for massive transfers and
it was observed that the cross section are low.

Nuclear Fission:

The mass and charge distribution studies in heavy ion
induced fission of actinides were carried with aim to investigate
relative contribution of transfer induced fission (TIF) to that
of completev fusion fission (CFF). Mass distribution studies on
X 1B induced fission of 2 3 2Th at beam energies of 55, 60 and 72
MeV were useful in arriving at TIF, CFF and their variation with
beam energy. Independent cumulative yields of Isotopes of Iodine,
Antimony & Tellium in the heavy ion induced fission of Th and U
have been determined. A scheme for sequential separation of
fission products has been standarised for this purpose. Mass
yields in the 12C induced fission of 209Bi were determined.

Fission fragment angular momentum as a function of their
emission angle studied in the alpha induced fission of 2 3 8U
provided information about tilting mode of fissioning nuclei.
Charge distribution studies in neutron indued fission of odd Z
actinides such as 2 3 7Np and 241Am were used to understand the
nuclear shell effects on the width of the charge distribution
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and charge polarisation.

Nuclear Techniques

Positron annhilation studies were carried out in polymers
and pillored clay to understand the glass transition phenomenon
and surface characteristics respectively. Neutron activation
analysis was used to determine the major, minor and trace ele-
ments in geological matrices and leaves and cereals. Platinum
group metals and gold were measured at trace levels after separt-
ing from a host of other elements. Charge particle activation and
PIXE were used to measure As in drinking water. Perturbed angular
correlation technique was used for defect studies in alloys and
metals. Work on the measurement of Pu and U trace concentrations
based on the delayed neutron and fission gammas has been initiat-
ed.

Actinide Chemistry Section

Process Chemistry

As a part of the development work on alternate extractants
in fuel reprocessing, distribution behaviour of U with di-n-hexyl
octanamide in dodecane in presence of macro concentration of U
(10 g/1 to 266 g/1) at 25 °C, 35 °C and 45 °C in 3M HNO3 as well
as at 97 g/1 as a function of acidity (0.1 to 6.0 M HNO3)
was investigated. To explore the potential of
dimethyl-dibutyl-tetradecyl malonamide (DMDBTDMA) in partitioning
of actinides from HLW, distribution behaviour of U(VI), Pu(IV),
Np(IV), Am(III), Eu(III),Fe(III), Sr(II) and Cs(I) as pure tracer
as well as from simulated PHWR waste in the range 0.01 - 5 M HNCU
was studied. A preliminary study on the utilization of cyanex-923
for the recovery of actinides from HLW was carried out. Effect of
radiolytic products of CMPO and DHDA on the extraction of Am was
studied.

To develop an alternate procedure for the recovery of U-233
from irradiated Th-232, the extraction behaviour of
di-2-ethylhexyl isobutyramide (D2EHIBA) in dodecane for U(VI),
Th(IV) and fission products such as Zr, Ce, Eu, Cs and Fe in the
presence of 250 g/1 of Th has been investigated over a wide range
of HNO3 concentration.

Basic studies

Partitioning of Th 4 +, UO 2
2 +, Am3+, Eu 3 +, Sr 2 + and Cs + was

studied using PEG based biphasic system. Thermodynamic data on
extraction of Sr(II) and Cs(I) from HNO3 medium by substituted
crown ethers as well as of Am(III) and Eu(III) with CMPO from
nitrate and thiocyanate media was obtained. Extraction behaviour
of lanthanides and actinides was investigated with TBP and TOPO
using paraffin wax as the diluent at 65 C. Thermal analysis of
electron irradiated ammonium molybdophosphate (AMP), potassium
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uranyl ferrocyanide (K2UO^Fe(CN)6. 7H2O) as well as of some
ternary complexes of uramum(VI) with dialkyl amides was also
carried out.

Analytical work

Carrier mediated transport of Am(III) from HNO3 medium
across PTFE membrane was studied employing DMDBTDMA as well as
PBI-TOPO in dodecane as the carriers. Recovery of U and Pu from
synthetic oxalate waste solution was carried out employing 30%
TBP and 0.2M CMPO + 1.2M TBP successively in two stages.
Extraction behaviour of U(VI) and Pu(IV) from nitric acid as well'
as from nitric acid - oxalic acid medium was investigated
employing Cyanex-923 in NPH. Di-t-butylcyclohexano 18crown6
(DtBuCH18C6) was incorporated into polyaniline (PANI) matrix
grown inside an Au-evaporated polycarbonate membrane and the
device was used as an electrochemical sensor in a preliminary
study for the determination of ultratrace concentration of Sr2

(lxlOT10 - 5xl0~10M). The same reagent (DtBuCH18C6) adsorbed
into Amber lite XAD-7 was used for the separation of 90Y from
90Sr. Fission products from an intermediate level liquid waste
(ILLW) sample were removed using freshly synthesized inorganic
ion-exchangers. Investigations on sorption behaviour of Am(III)
on bentonite have been initiated.

Spectroscopy section

Analytical Spectroscopy

As part of the chemical quality control programme on the
trace metal characterisation of nuclear materials, an ICP-AES
method has been developed for the determination of rare earths
and common metals in ThO2 matrix with prior chemical separation
of the major matrix using Cyanex-923 as the chemical extractant.
A number of chemical parameters such as cyanex concentration,
acid molarity, time of contact, number of contacts, loading
factor were optimised to achieve near total extraction of
thorium. The quantitative separation of trace metallies was
confirmed by using radioactive tracers of elements such as
Zn,Cd,Cu,Mn,Ce,Eu,6d, Er,and Lu. Using the method developed here,
specification limits for all the metallies can be easily achieved
with a sample amount of 2 g.

Analytical Spectroscopic methods have also been developed
for the determination of a number of metallics at different
concentration levels in Arsenic, Sulphide samples from
mid-atlantic ridge, zirconia based ceramics for waste
immobilistion. ETA-AAS studies have been carried out to determine
Al in food products processed in aluminium containers. An ICP-AES
unit procured from M/S. Jobin Yvon (JY 46P) was installed and the
performance characteristics were studied in detail. The unit
consists of an axial viewing plasma, 35 channel polychromator
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unit and a sequential scanning unit incorporated in the same
spectrometer.

Basic Spectroscopy

EPR measurements were carried out on 2 3 9 Pu doped PVA film
and 237Np doped BaCCU to investigate effect of self irradiation
on species formed. Photo EPR investigations of GaAs showed that
though no EPR signal was obtained there was a significant shift
in EPR base line possibly due to increase in conductivity of the
sample. Kinetics of the process was also studied under CVL and
He-Ne laser lights separately under on/off conditions. EPR
studies carried out on some ferromagnets showed the coexistence
of spin fluctuations and long range ferromagnetic order.

Spectral evidence of excited state absorption in Nd2O3 and
Nd+3:PVA film illuminated by CVL were observed using
photoacoustic spectroscopy.

TSL investigations on 2 3 7Np doped BaCO3 as well as Tb + 3

doped ThO2 were carried out. The intrinsic u.v. induced TSL
studies on Tb system were carried out to identify the role of
dopant ions and of the matrix in the process. Spectroscopic
investigations including chemical characterisation studies were
carried out for lamp - phosphor powders used in fluorescent
tubes.

EPR, PAS and fluorescence spectral studies were carried out
on ThO, doped with Eu/Pr/Tb as a function of calcination
temperature. These studies have revealed formation of Pr + 4 and
Tb + 9 in samples calcined at temperatures above 600°C.

During the year, a large number of samples of nuclear
materials received from various divisions of BARC were analysed
for their trace metal assay by analytical spectroscopic
techniques. The experimental facilities available in the section
such as EPR spectrometer, TSL unit, PAS, fluorimeter, ICP-AES and
AAS units were utilised for collaborative work with scientists
from other divisions of BARC, institutions and universities.
These facilities were also extended for training the staff
members of various institutions.

Human resource development

The educational and teaching activity in the area of
radiochemistry, application of radioisotopes and atomic energy
programme the Radiochemistry Chemistry Division has actively
participated. Shool Workshops and Workshops for college Teachers
were organised under the agencies IANCAS. Large member of
scientists contribute to the Training School Division programme.
Interaction with universities in education programmes continue
via, examinations, thesis evaluation, research project evalutaion
and giving invited talks. Members of this Division were also
involved in a symposium NUCAR-97 at SINP, Calcutta.
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Publications:(Journals and International Conferences)

1. Decay of compound nucleus 1 1 2Sn: Measurement of excitation
funtions of evaporation residues, energy spectra and angular
distibution of particles. B. John, B.S. Tomar, A. Goswami,
G.K. Gubbi, S.B. Manohar and S.K. Kataria, Phys. Rev. C-56,
2852 (1997).

2. Production of 113-ln by Ag(7Li, pxn) reaction for PAC
application. S.V. Thakare and B.S. Tomas radiochi. Acta 76,
25 (1997).

3. Probing the microstructure of Nafion-117 using Positron
Annihiliation Spectroscopy, H.S. Sodaye, P.K. Pujari, A.
Goswami and S.B. Manohar, H, Polym. Sci. Polym. Phys. V,
35(5), 771 (1997).

4. Systematics of charge distribution studies in low-energy
fission of actinides.
H. Naik, S.P. Dange, R.J. Singh, S.B. Manohar, Nucl. Phys.
A612 (1997), 193-162.

5. Multielement analysis of national ruby samples by neutron
activation using the single comparator method.
R.N. Acharya, P.B. Burte, A.G.C. Nair, A.V.R.Reddy and S.B.
Manohar
J. Radioanal. & Nucl. 22Q. (2), 223 (1997).

6. Passive gamma measurements for the determination of
Plutonium in the liquid stream and solid waste packets, P.P.
Burte, S.P. Dange, S.B. Manohar and D.D. Sood, IAEA
Symposiumn on International Safeguards, Vienna, IAEA-SM-
351/156 (1997).

7. Experience with Neutron well coincidence counting system for
measuring plutonium, S.P. Dange, A.V.R. Reddy, S.B. Manohar
and D.D. Sood, Ibid., IAEA-SM-351/157 (1997).

8. Measurement and possible identification of ultra trace
levels of heavy elements by the determination of alpha decay
constant to fission crossection ratio using SSTND
A.Ramaswami, P.C.Kalsi,R.Sampat Kumar R.J.Singh, S.B.Manohar
and D.D.Sood
International Safeguards, Vienna, IAEA-SM-351/83 (1997).

9. Determination of trace impurities in uranium and plutonium
matrices by solvent extraction and inductively coupled
plasma atomic emmission spectrometry; Mary Gopalkrishnan,
K.Radhakrishnan, P.S.Dhami, V.T. Kulkarni, M.V.Joshi,
A.B.Patwardhan, A.Ramanujam and J.N.Mathur, Talanta,.4_4_, 169
(1997).
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10. Liquid-liquid extraction of dioxouranium(VI) with a mixture
of 3-phenyl-4-benzoyl-5-isoxazolone and neutral oxodonors: A
thermodynamic study, P.K. Mohapatra, P.S. Mansingh, R.
Veeraraghavan, V. K. Manchanda and K.C. Dash; Radiochim.
Acta, 76, 123 (1997).

11. Extraction Chromatography (EC) Technique for Estimation of
Plutonium in Bioassay Samples. R.K.Singh, D.D.Bajpai, Anil
Kumar, V.G.Katarni, J.P.Shukla, J.R.Yadav, V.S.Krishnan,
Nanda Raveendran and S.A.Sukheswalla; Radiation Protection
and Environment, 2Q, 67 (1997).

12. Di(2-ethyl hexyl) butyramide and di(2-ethyl hexyl)
isobutyramide as extractants for uranium (VI) and
plutonium(IV), D.R. Prabhu, G.R. Mahajan and G. M. Nair; J.
Radioanal. Nucl. Chem. Letters, 22±, 113 (1997).

13. Recovery of plutonium from assorted laboratory wastes,
M.S.Nagar, P.B.Ruikar and J.N.Mathur, J.Radioanal. Nucl.
Chem., 222t 243 (1997).
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acidic waste solutions using tri-n-octyl amine and
octyl(pheny1)-N,N-di isobutylcarbamoylmethylphosphine oxide;
K.M.Michael, G.H.Rizvi, J.N.Mathur, S.C.Kapoor, A.Ramanujam
and R.H.Iyer, Talanta, 4_i/ 2095 (1997).

15. Dicyclohexanol8crown6 in butanol-octanol mixture: a
promising extractant of Sr(II) from nitric acid medium;
A.Kumar, P.K.Mohapatra, P.N.Pathak and V.K.Manchanda;
Talanta, 45, 387 (1997).

16. Extraction of U(VI), Pu(IV) and some fission products by
tri-iso-amylphosphate; J.P.Shukla, M.M.Gautam, C.S.Kedari
and p.C.Rupainwar; J.Radioanal. Nucl Chem., 219, 61 (1997).

17. Photoacoustic spectroscopy of plutonium compounds I:
oxalate, fluoride and hydroxide of Pu(III) ;
A.R.Dhobale, M.K.Bhide and M.D.Sastry.
Molecular Physics, StZ, 307 (1997).

18. Photoacoustic spectroscopy of plutonium compounds
II: oxalates, fluorides and hydroxides of Pu(IV) and Pu(VI);
A.R.Dhobale, M.K.Bhide and M.D.Sastry.
Molecular Physics, 9_2_, 311 (1997).

19. Positive role of potassium in neutralising the non-
stoichiometry effects in Tl-2212: Synthesis and microwave
investigations;
K.Gangadharan, G.M.Phatak, R.M.Kadam, M.D.Sastry, R.M.Iyer
and P.V.P.S.S.Sastry;
Applied Superconductivity, 4_, 261 (1996)
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20. EPR studies in photoref ractive crystals II: Fe3 doped
Bi12

sio20 w i t n copper vapour laser illumination in 10-100 K
range;
N.K.Porwal, R.M.Kadam, Y.Babu, M.D.Sastry, M.D.Aggarwal and
P.Venkateswarlu;
Pramana: J. Phys., 18_, 929 (1997).

21. EPR evidence of H° at three different chemically
inequivalent sites in gamma irradiated SrS04 : U0 2 ;
S.V.Godbole and M.D.Sastry;
Radiation Phys. & Chem., 49, 559 (1997).

22. Molecular dynamics and structural phase transitions
in K02: an EPR investigation;
R.M.Kadam and M.D.Sastry;
Phase Transitions, J>0_, 79-87 (1997).

23. EPR studies in HgMoSg doped with Cu2+: Evidence for cationic
mobility;
R.M.Kadam, M.D.Sastry, R.M.Iyer, I.K.Gopalakrishnan and
J.V.Yakhmi;
J. Phys.: Condensed Matter, £, 551 (1997).

24. EPR studies of intrinsic semiconductor: Evidence for
dynamically averaged resonance of U 4 and conduction
electrons;
R.M.Kadam, M.D.Sastry, R.M.Iyer, I.K.Gopalakrishnan and
J.V.Yakhmi;
Phil. Mag. B, 25, 505 (1997).

25. Photoacoustic spectroscopic studies of Ho 3 +, Er 3 + and Sm3*
doped polyvinyl films;
Mithlesh Kumar, A.R.Dhobale, Mukesh Kumar and M.D.Sastry;
J. Polymer Science B: Polymer Physics, 3J>, 187 (1997).

26. Coexistence of spin fluctuation and magnetic order in
(NBu^J^MnfCufopba)]3: An EPR evidence;
R.M.Kadam, M.D.Sastry, S.A.Chavan, J.V.Yakhmi and O.Kahn;
Molec. Cryst. & Liquid Crystals, 305/306 (1997).

27. Solid sampling approach in Inductively Coupled Plasma Atomic
Emission Spectrometry for the Determination of four
Lanthanides with high sensitivity
Paru.J.Purohit, S.K.Thulasidas, Neelam Goel and A.G.Page
Journal of Analytical Atomic Spectrometry , 12, 1317,1997

28. Ultraviolet and gamma irradiation indued luminescence of
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J.S.Nagpal, S.V.Godbole, A.G.Page, T.K.Seshagiri and
D.G.Alexander.
Radiation Protection and Environment Vol 20,43, 1997.

349
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action and Photoinduced Charge Transfer in 23-Ju5+ Doped
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N.K.Porwal, Mithlesh Kumar and M.D.Sastry.
Pramana, Jl. of Physics 4_Z (1997)
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Applied Superconductivity, 4, 195 (1966).
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dosimetry
M.D.Sastry, V,Natarajan and B.C.Bhatt
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33. Transition metal saccharide chemistry: synthesis and
characterisation of D-glucose, D-fructose, D-galactose,
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Carbohydrate Research, 22., 333 (1997).
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Journal of Alloys and Compounds 252 (1997) 71.

35. ESR studies of irradiated cocoa beans and niger seeds;
S.R.Mangaonkar, V.Natarajan, M.D.Sastry, S.R.Padwal Desai
and P.R. Kulkarni;
Food Chemistry, £P_, 287 (1997).
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RADIOLOGICAL PHYSICS AND ADVISORY DIVISION

Major Achievements

GENERAL

The Division continued to tender technical advice on safety in handling radiation sources to
medical, industrial, agricultural and research institutions all over the country. The technical advice
involved making safety analysis of radiation devices, work on QA, planning and designing of
radiation installations, computing the shielding requirements, attending to radiation emergencies and
training the personnel in radiation safety. The Division continued to earn revenue for the department
from the users of radiation sources for the services rendered. The Division continued with R&D
work relating to radiological physics and safety. Members of the Division served in the faculty of many
training courses on industrial radiography, nucleonic gauge courses and the one year post graduate course
on Radiological Physics. Members of the Division also served on several IAEA panels and AERB
committees.

RADIOBIOLOGICAL STUDIES

During the period covered under this report, radiobiological research aimed at understanding the

interaction between radiation and other physical and chemical environmental agents was undertaken. These

studies also contributed to the understanding of the mechanism of induction of radiation damage. The

main areas of study included the modification of lethal and genotoxic effect of radiation by caffeine and

hyperthermia, in a model eukaryotic system, namely Saccharomyces cerevisiae. Supporting experiments

were planned and executed to validate the dosimetry for 3 5 S 6 irradiation. This study suggested an RBE of

1.7 for 3^S B rays as compared to ^ C o gamma rays, for the induction of lethal and mutagenic effects

Research activities in the area of cytogenetics were done with the objective of validating the

chromosomal aberration analysis (CAA) for partial body exposures, mixed radiation fields and chronic

accumulated exposures. Blood samples from cancer patients treated with gamma radiation for cervical and

lung cancers were subjected to chromosomal aberration analysis(C AA), reasonable dose estimates could be

made by dispersion analysis for cervix cancer cases. CAA analysis after multiple dose fractions showed a

Poisson distribution of dicentrics, as expected. These results point to the usefulness of CAA dispersion

analysis in non uniform accidental exposures. Interaction between60 Co gamma and fast fission neutrons

for the induction of cytogenic damage was investigated in human peripheral blood lymphocytes. The results

indicated a purely additive interaction. Effect of the presence of ascorbic acid during cuhunng on the

background frequency of sister chromatid exchange (SCE), CA and micronucleus frequency (MN) was
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investigated. Significant enhancement of MN frequency was seen even though the CA and SCE yields were

unaffected. This study was undertaken as a preliminary step to study the modification of radiation induced

cytogenic damage in human lymphocytes. During 1997, 14 cases of suspected overexposures and 10

cases of cumulative exposures were referred to this Division for chromosomal aberration analysis. Among

the 14 suspected cases of overexposure, five (Industrial 2, Medical 1 and Nuclear Industry and Research

2) were found to be genuine, based on detection of dicentric chromosomes.

THEORETICAL STUDIES

An asymptotic formula was obtained for the d-dimensional partitioning of an integer N. A

theoretical study of the slow relaxation of glassy dynamics was carried out. Two versions of the Ehrenfest

win model namely, the pure entropy barrier case and the entropy and the energy barrier case were studied

and the relaxation times were obtained in exact analytical forms. Detailed dose distributions due to a 3Z P -

coated stainless steel rod in tissue (stent) was computed. The results find applications in the use of beta

radioactive stents for endovascular brachytherapy. The results were found to be in good agreement with the

measurements.

EDUCATION AND TRAINING ACTIVITIES

Test tools for checking table-gantry alignment and HVT measurement on CT scanners were

designed and developed. Phantoms for low contrast resolution and CT number linearity tests were improved

and tests on these were completed. Electromechanical tests of CT scanner were carried out using AGFA

D2 film. A science museum on the industrial and medical applications of radioisotopes and radiation was

set up at the Centre for Training and Certification in Radiation Safety for the benefit of the participants of

various training programs conducted by the Division. The Division conducted/ participated in 16 training

courses on safety in applications of radiation in medicine, industry and research. A total of 409 candidates

were trained during the year and the revenue earned during the period was Rs. 2, 20, 000/=.

MEDICAL PHYSICS ACTIVITIES

Estimation of vaporous activity in the vials containing therapeutic quantities of m I was studied at

the Radiation Medicine Centre, Parel, Mumbai using activated charcoal for absorption of m I . The

Division planned many nuclear medicine laboratories and radiotherapy centres including a gammaknife

installation, a micro HDR brachytherapy installation and two linear accelerator installations. Many

radiological protection surveys of such laboratories and centres were conducted by members of the
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Division. Investigations were carried out at four hospitals undertaking special procedures such as

cardiology, neurology and general vascular studies for determining the dose received by the staff in

Interventional radiology examinations. The study aimed at effective implementation of radiation protection

in these hospitals and also to arrive at reference levels in respect of these procedures in India. Studies are

underway to assess the radiation safety associated with the use of indigenously designed 4 MeV linear

accelerators. Detailed radiation transport studies are in progress making use of Monte Carlo techniques to

obtain the quantities of interest. Many new medical appliances involving radiation exposure were subjected

to type approval procedures and safety analyses were made on these devices.

Work on the development of new and sensitive thermoluminescent phosphors, viz., BaSO4 :Eu,Na,

Li3 PO4 :Mg,Cu,LiF:Mg, Cu,P for their application in personnel monitoring and medical physics were

undertaken by the Division. The work included study of TL characteristics such as sensitivity, dose vs

response, photon energy dependence, radiation-induced sensitization, emission spectra, effect of codopants

as charge compensating ions enhancing the sensitivity of the phosphors, determination of kinetics in TL

materials, study of basic mechanism and TL active defect centres in various materials using TL,

fluorescence, optical absorption and ESR. These studies resulted in definite correlation between TL

emission peaks and the defect centres in the lattice. The TL active defect centres were also investigated in

quartz and A^Oj :Ti,Si.

RADIOLOGICAL ADVISORY SERVICES

Members of this division are participating in an IAEA CRP project on Development of Accident
Database for application in the transport of radioactive materials. Members of the division performed an
analysis of the computer code, INTERTRAN II, relating to the computation of dose received by
transport workers and the public due to the transport of radioactive material under accident
conditions with a view to classify emergencies under different levels so that a system of graded
response could be evolved and the resources and efforts in emergency response are optimized.

A computer program was developed based on the point kernel method, for the determination of
the shielding requirements of land-based gamma irradiator facilities. Work is in progress to include the
feature of input data generation in an interactive mode. The division performed safety analysis of many
nucleonic gauges and Ionization Chamber Smoke Detector for type approval. Members of the division
participated in the inspection and quality assurance of industrial gamma exposure devices.

Methods for estimation of tritium in wrist watches and fluorescent lamp starters and non-
destructive methods for estimation of thorium in gas mantles and fluorescent lamp starters have been
standardised, h has been possible to measure very low concentrations of Uranium in enamel frits and
estimation of I47 Pm in compass dials. All these estimations serve as useful input in the formulation of
regulatory standards and verifying regulatory compliance. A model considering cyclic exposure of dial
painters has been designed which can also be adopted for any occupational exposure scenario. Radiation
safety assessment done at a thoria manufacturing and user units and the advice given has helped in
continuing the use of thoria catalyst in a safe manner.
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A summary of the activities of the Division during 1997 are given below:

1. Radiological installation plans approved 80

2. Radiological Protection surveys conducted 190

3. Certificate of safe transport of radioactive material issued 180

4. Radioactive materials processed for disposal 120

5. Management of unusual occurrences 4

6. Gamma radiography exposure devices inspected 800

7. Issuance of authorization (including NOC to import)
radioactive material and devices containing radioactive material 950

8. Number of nucleonic gauges and consumer products

for which safety analysis was made 35

9. Sources received for disposal 4

10. Number of consumer products which were monitored 20

11. (a) Training course conducted 16
(b) Total number of persons trained 409

12. Number of research papers published /presented in conferences 9
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RADIOMETALLURGY DIVISION

Major Achievements

1. DEVELOPMENT OF A 3 ATMOSPHERE ZONE CONTINUOUS PUSHER TYPE SINTERING
FURNACE FOR OX1DATIVE SINTERING OF UO2 PELLETS :

High density UO2 pellets for PHWR fuel pins are conventionally fabricated by cold compaction and
sintering under reducing atmosphere at a temperature of about 1973 K. RMD has been working on the
development of a novel Low Temperature Sintering technique(LTS) for UO2 pellets using oxidative
atmosphere which increases the diffusivrty of Uranium ions manyfold. Fuel bundles containing high
density sintered MOX & UO? pellets, fabricated by oxidative sintering at 1523 K followed by K?
reduction at the same temperature for adjustment of stoichiometry, have been successfully irradiated
both in CIRUS-PWL and MAPS.

However, the large economic benefit of low temperature sintering technique cannot be industrially
realized till the process is demonstrated in a continuous furnace. Keeping this in mind, RMD, in
collaboration with a local fabricator, has indigenously developed a 3 atmosphere zone continuous
pusher type sintering furnace for oxidative sintering of UO2 pellets at low temperature. Recently, the
furnace has been commissioned in the Division. The furnace is made in small modules for ease of
transportation, installation and maintenance. The 3 different atmosphere - zones are : oxidative zone
containing N2 - air mixture for sintering; reductive zone containing N2 -H2 mixture for stoichiometry
adjustment of UO2 pellets and inert nitrogen zone separating the oxidative and reductive zones. The
furnace has been operated upto the maximum rated temperature of 1573 K. The oxygen content in
the oxidative zone has been continuously monitored and precisely regulated automatically through a
feed back control system. UO2 green pellets made from sol-gel derived microspheres have been
sintered to a density of more than 96% of theoretical density at a temperature of less than 1573 K.

2. FABRICATION AND CHARACTERISATION OF (U,Pu)O2 FUELS :

As a part of mixed (U,Pu)O2 oxide fuel development programme for PFBR and FBTR, sintered pellets
of UQ2 with varying contents of PUO2 were fabricated by the conventional powder metallurgical route
following milling, precompaction, granulation and sintering. The densification behaviour of the green
compacts of these compositions were studied under different atmosphere viz. Ar, Ar+8%H2, CO2 and
Nz in a dilatometer, to evaluate the mechanism and kinetics of sintering. Some of the important
tnermophysical properties of these fuels like thermal conductivity, coefficient of thermal expansion, hot
hardness and indentation creep etc. have been evaluated as a function of temperature. The
compatibility behaviour of these fuels with sodium coolant and D-9 cladding material has also been
taken up.

3. FUEL-CLAD-COOLANT CHEMICAL COMPATIBILITY FOR FBTR AND PFBR

Chemical compatibility of fuel with the canning and coolant materials is a prerequisite guiding the
selection of the fuel, cladding and coolant materials for any reactor system. This is to ensure that the
fuel can be safely operated during its life span in the reactor. This is more relevant for LMFBR's where
both the fuel and the cladding materials are exposed to a relatively hostile environment of high
temperature and a reactive liquid metal as coolant (Sodium)

The out-of-pile chemical compatibility of hyperstoichiometric mixed (PuassUa^C Carbide fuel for the
2nd core of FBTR with SS 316 (20%CW) cladding material and sodium coolant are being established
to proof test that there is no marked carburisation of the cladding material leading to loss o£ ductility
which will be of concern for the safe operation of the reactor.
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The compatibility experiments have been earned out by long term annealing of miniature compatibility
pins containing sintered mixed carbide pellets, sodium coolant, SS 316 cladding tube. These capsules
were welded by TIG welding under helium. Four such capsules each enclosed in another welded
containments have been annealed for 1000 and 2000 hours at 600°C and 700°C(fuel-clad interface
temperature under normal and off normal condition respectively) in vertical muffle furnaces. The
capsules will be examined for any clad carburisation.

The Uranium Plutonium mixed oxide fuel with PuO2 content varying from 20 - 40% are the proposed
fuels for the forthcoming PFBR at IGCAR. Alloy D-9 and soidum will be the cladding and the coolant
materials respectively for this fuel combinations. It has been planned to carry out the out-of-pile
compatibility experiments for these fuels(containing 21, 28 and 40% PuO2). The capsule design has
been finalised & further work is in progress.

4. COMMISSIONING OF COLD COMPACTION PRESS FOR PLATE FUEL FABRICATION

As a part of the augmentation and upgradation of research reactor - plate fuel fabrication facility, a 800
tonnes capacity hydraulic press for the cold compaction of AI-U3Sb dispersion(LEU) fuel has been
installed and commissioned. This press currently has provision for cold-pressing of rectangular
compacts.

5. MICROSTRUCTURE, HOT HARDNESS AND INDENTATION CREEP OF Al-U AND Al-U-Zr
ALLOYS

The evaluation of properties of binary Al-U alloys and temary Al-U-Zr alloys of different compositions
was carried out as part of fuel development programme for water cooled research reactors. Data on
thermal expansion coefficient, elastic constants, hardness and Zr distribution pattern has been
generated for these alloys. Further, mechanical properties like hot hardness and creep were
evaluated upto 823 K.

The alloys were prepared by the melting, casting and rolling route. Homogeneous portions of the
alloys were characterised by optical microscopy, TEM, XRD and EPMA. The melting points were
determined using DSC. The expansion behaviour and expansion coefficient were studied using high
temperature dilatometry and the elastic constants were measured by ultra-sound technique. The hot
hardness of these alloys were measured from ambient to 823 K. The indentation creep and
impression creep testing was carried out at 420,450,480,510°C over a stress range.

The Zr distribution in these alloys was evaluated by EPMA and its effect on stabilization of UAI3 phase
has also been studied. The long time stability of the alloys was evaluated by annealing these alloys to
620°C for a period ranging 1 to 45 days.

6. EXPORT OF THORIA BUTTONS TO GENERAL ELECTRIC (USA):

High density thorium oxide buttons fabricated in the Radiometallurgy Division, with strict control on
dimensional and quality specifications were exported to General Electric Company Power Systems,
USA. The fabrication process consisted of drying thorium oxide powder, intensive milling, double
precompaction and granulation, final compaction with die-wall lubrication and sintering. As it is very
difficult to achieve high density in thoria compacts even by sintering at a temperature as high as
2073 K, thoria it was doped with magnesia as sintering aid to get high density buttons at a relatively
lower sintering temperature of 1923 K. It is understood that these buttons shall be used by GE for
continuous monitoring of the cooling gas of large electrical generators for detection of hotspots
(leading to failure of insulation), thus avoiding forced outage, thereby facilitating preventive
intervention & substantial savings in costs.
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7. FABRICATION OF ThOz PELLETS FOR PHWRS :

NPC needs 200 ThO2 bundles for initial flux flattening in their five forthcoming PHWRs. RMD has
undertaken fabrication of high density sintered ThO2 pellets needed for making these bundles. The
process of fabrication consisted of powder milling, precompaction, granulation, final compaction and
sintering at 1953 K for 4 hrs. under Nr8%H2 atmosphere. The powder was initially doped with 500
ppm of MgO to reduce the sintering temperature. About 1500 Kg of sintered ThO2 pellets with a
density of 96-98% T.D. has already been produced and a batch of 450 Kg of centreless ground pellets
has been delivered to NFC, Hyderabad & the needed number of bundles fabricated and supplied to
NPC.

8. C-SCAN SYSTEM OF PLATE-TYPE FUEL ELEMENTS :

Inspection of plate fuels for non-bonds is carried out using immersion ultrasonic testing. This testing
earlier had a manual system of scanning and recording. The testing has now been upgraded, in
collaboration with Electronics Division, to an automated C-scan system using a PC-based ultrasonic
digitistng system developed by Electronics Division. The system scans the plate fuel automatically and
generates and displays the C-scan image.

9. NEUTRON INDUCED ALPHA AUTORADIOGRAPHY(NIAA):

NIAA, an emerging technique, is an excellent method for boron estimation and its mapping. This
method has a unique capability of not only providing an accurate analysis of boron in ppm levels but
also presenting the spatial distribution of boron in the material. This technique developed in this
Division has been used to study many samples by irradiating them in the APSARA reactor.

10. POST IRRADIATION EXAMINATION OF FUELS :

NAPS FUEL BUNDLES :

Two failed fuel bundles, NAPS-I and NAPS-II reactors respectively were examined. These
bundles were confirmed as leakers by the sipping test carried out at the spent fuel storage pool.
The welded appendages, spacer pads and bearing pads on all the fuel elements of both the
bundles were intact and no abnormal corrosion effects could be seen on any of the fuel
elements. A leak due to a pinhole was detected at the end plug weld of one of the inner fuel
elements of the fuel bundle from NAPS-I. The leaker was spotted by the liquid nitrogen-alcohol
leak test method. Circumferential crack leading to separation of end plugs were observed in two
fuel elements in the failed fuel bundle from NAPS-II. Massive hydriding of the end cap near the
weld line was identified as the cause of failure.

11. EVALUATION OF WIGNER ENERGY RELEASE IN THE GRAPHITE REFLECTOR OF CIRUS
REACTOR:

Significant quantity of energy called Wigner energy, gets accumulated in graphite reflector due
to radiation damage during service. The Wigner energy of the irradiated graphite reflector was
evaluated by the Differential Scanning Calorimetry. The studies under linear heating and
isothermal annealing conditions revealed that the amount Wigner energy was low, the maximum
being 114 cai/g, on the reflector block facing the reactor vessel. Controlled annealing process

could release a large part of this stored energy thus ensuring continued safe use of the graphite
reflector.

The thermal diffusivity of irradiated graphite was also measured by the laser flash technique. It
was observed that thermal diffusivity decreases with increase in temperature showing a
minimum in the range 180-200°C.
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12. PERFORMANCE OF ZIRCALOY-2 PRESSURE TUBES OF INDIAN PHWRS :

Zircaloy-2 pressure tubes from RAPS and MAPS reactors were examined for assessment of
safety of the PHWRs. The studies included detailed visual examination, ultrasonic and eddy
current testing, neutron radiography, metallography, hydrogen estimation by inert gas fusion
(IGF) and differential scanning calorimetry (DSC) and fracture toughness evaluation by Ring
Tension Testing. The hydride blister formation at the pressure tube-calandria tube contact
locations on the irradiated pressure tube were evaluated in detail. An Ultrasonic Velocity Ratio
technique was also developed for detection of hydride blisters on the pressure tube. Techniques
were evolved for analysing the Hydrogen content of Scrape Samples extracted from irradiated
pressure tubes. The data generated was very useful in taking timely decisions for assuring safe,
continued operation of these reactors.

13. HIGH TEMPERATURE STEAM OXIDATION OF ZIRCALOY-2 CLADDING :

High temperature steam oxidation behaviour of as-fabricated Zircaloy-2 cladding tubes of PHWR
fuel was carried out over the temperature range of 650 - 1150°C for durations ranging from 30
minutes to 4 hrs. The weight gain, the thickness of zirconium oxide layer and alpha Zirconium
layers were measured. The parabolic rate constant (KP) for zircaloy-steam reaction was
determined from the experimental data. A diffusion-based model ZIRCOX was developed to
calculate the growth of oxide layer, oxygen stabilised alpha zirconium layer and distribution of
oxygen in the cladding. Output from the model was validated by experimental measurements.
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RARE EARTHS DEVELOPMENT SECTION

Major Achievements

1. Plan Projects
1 1 Rare Earths Development Laboratory (Project REDL : VIII Plan) Major civil works

were completed to the roof slab level, including the works for an additional floor.
Works for lift and waterproofing are in progress High bay area was handed over and
movement of induction furnace to site completed. Engineering and procurement of
major items have been completed.

12 'Technology of Rare Earths : Upgradation of Equipment ' (Project TRUE : IX Plan)
Consequent to the sanction of the Project in the I&M Sector, the engineering for high
temperature furnaces, laboratory instruments, process monitors and reaction vessel
was completed. Procurement is in advanced stage.

2. Processing of Xenotime
Optimisation of parameters for leaching of heavy rare earths, in particular

yttrium, from the xenotime concentrate was completed. Test results were scaled up.
Over 99% leaching recovery was obtained by the sulphuric acid process. Conditions of
washing were also optimised. Bulk quantities were produced for further separation
work

3. By-product Rare Earth Recovery from Uranium Plants
Process R &D tests were initiated for recovery of rare earths as a by-product from

uranium plants including UCIL raffinate and phosphoric acid.

4. Uranium Separation from Phosphoric Acid
Detailed engineering was carried out for techno-economic feasibility evaluation of
uranium recovery from wet process phosphoric acid in collaboration with a private
company. Action is in advanced stage for setting up the world's biggest plant of this
type A computer program has been developed for cost optimisation.

5. Technology Development of Rare Earth Phosphors
Test work on the development of YVO4: Eu 3" for H.P.M.V. lamps has been

completed. Spectral characteristics and emission efficiency of this phosphor have been
found to be excellent. This phosphor has been produced on a larger scale and supplied
for actual lamp making. Technology transfer work is in progress.

R&D work on the red emitting Y2O3 : Eu" and green emitting
CaTbMgAlu O12 phosphors is in progress.
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6 Separation of U, Th and RE
Solvent extraction process as well as precipitation process for separation of uranium,

rare earths and thorium from xenotime sulphate solution have been established.
Counter-current separation tests for large number of cycles have been carried out. The
rare earth fraction is being studied for separation into individual elements

7. Cobalt Separation from Hidustan Zinc Limited cake
Process R&D including on-site demonstration for recovery of cobalt, involving
counter-current leaching, iron separation and solvent extraction purification of Co
(>99.5% purity) with over all high recovery (60%) has been completed. The work has
been carried out under an MOU signed with Hindustan Zinc Limited

8. Membrane Separations

Metal separation studies by supported liquid membranes were continued for synthetic
solution This technique was further improved to use it for the separation of three
component feed solution. Thus separation of Fe (III), Cu (II) and Ni (II) into three
compartment could be achieved employing 2 membrances-3 compartment SLM system.

Studies on synthesis of ferric fluoride for use as reductant for rare earths were
initiated.

9. Computer Simulation
Artificial Neural Network simulation for solvent extraction was carried out using

back-propagation network. The method was found to yield superior results than the
conventional models.

10. Services Rendered
10.1 Engineering : Technical services for mixer settler design are being provided to

private party on payment basis.
10.2 Scientific : Laser size analysis for powder samples for private parties, AMD and

Universities was carried out.
10.3 Phosphor Characterisation : The Quantum Efficiency and Cathodoluminescence

Efficiency measurements were provided to samples from MS University, Baroda.
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REACTOR CONTROL DIVISION

Major Achievements

Development of Inspection Tools and Techniques for PHWRs

BARCIS Mark I Improved System

The development of the Coolant Channel Inspection System, BARCIS Mark-I, with improved accuracy of
inspection parameters and ruggedised control system has been completed and the system has been
commissioned at MAPS-1. The overall system consists of Inspection Heads, Special Sealing Plugs, Drive
Mechanism, Computer based Control System and NDT Equipment. In-service inspection of 66 coolant channels
of MAPS-1 was carried out during Dec. 97- Jan. 98. It has been possible to inspect 3 coolant channels per day
including defueling the channel, alignment of drive mechanism and refueling the channel after inspection. The
inspection covers ultrasonic measurement of wall thickness and ultrasonic detection of longitudinal and
circumferential flaws in pressure tube. It also includes eddy current detection of garter springs, eddy current
measurement of annular gap between pressure tube and calandria tube and eddy current detection of
longitudinal and circumferential flaws on inner surface of pressure tube. This is the first of the three systems
that is developed based on the successful use of the prototype for in-service inspection of about 200
coolant channels at RAPS & MAPS. The system has been designed with the objective of minimising
radiation exposure to inspection personnel and to carryout the inspection with minimum reactor down time.
The successful completion of this system is a significant step in the development of the critical technology
indegenously and has resulted in substantial savings in foreign exchange.

Pressure Tube Sag Measuring Tool (PTSMT)

A Pressure Tube Sag Measuring Tool (PTSMT) using inclinometer was developed. It was used for
sag measurement of newly installed coolant channels of RAPS-2. The radiation field inside the channels was
20,000 - 30,000 R/hr. Twenty coolant channels were inspected to meet regulatory requirements.

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 microcomputer based fault tolerant systems are being developed
for the forthcoming PHWRs at Kaiga-1&2 and RAPS-3&4. These systems implement safety, safety related and
operator support functions like reactor power control, several important process parameters control, on-power
refueling machine control and operator information and support functions during normal and emergency
operations.

Programmable Digital Comparator System (PDCS)

The Programmable Digital Comparator System is a safety critical system that monitors important parameters in
various reactor processes. The system keeps watch on these parameters and should any deviation take place
beyond predetermined limits safety action is initiated through its outputs. The system is configured with three
independent Alarm Units (AUs)catering to the triplicated instrumentation channels and two Display Units
(DUs) that serve as redundant operator stations. Each of the AUs receive 120 analog signals which are acquired
through isolation amplifiers, multiplexer and 12 bit ADCs. For each input signal two set points can be selected.
The signal status can be monitored through either DU. The system hardware development has been completed.
Software design and development is also complete and software is undergoing rigorous testing which is
expected to be completed by March 1998. Hardware of the system is already installed at Kaiga-I&2. System
commissioning at these units will be taken up in April 1998.

Dual Processor Hot Standby-Process Control System(DPHS-PCS)

The DPHS Process Control System being developed for Kaiga-1&2 and RAPP-3& 4 projects, regulates
PHT pressure, steam generator pressure, bleed condenser level & pressure and fueling machine D2O supply
pressure. The DPHS configuration consists of two independent and identical computer systems called main and
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hot standby, each consisting of two microcomputers. These microcomputers acquire all the field and operator
inputs, process these signals and generate all the outputs. The outputs of the two microcomputers are compared
by both of them using dual port RAM and this information is used to diagnose the health of the system. In
addition, on-line diagnostic is performed on system hardware. If the main system fails, the hot standby system
gets connected to the actuators, thus the system availability is ensured. To aid display of relevant process
information, a display computer and a PC console are provided which are connected to the control computers
through network. The hardware development and fabrication has been completed. The software has been
developed as per regulatory guidelines for safety related systems. Testing of Process Control System is in
progress. For this testing, a prototype DPHS-PCS and a real-time process simulator have been designed and
fabricated. The documentation required for system qualification is under preparation.

Dual Processor Hot Standby-Reactor Regulating System (DPHS-RRS)

Reactor Regulating System (DPHS-RRS) for Kaiga-1&2 and RAPS-3&4, based on DPHS architecture has been
designed. The hardware development and fabrication have been completed. The software for the system as per
regulatory guidelines has been developed. The system testing using a prototype RRS and real-time simulator is
in progress. The documentation required for system qualification is under preparation.

On-Power Refueling Machine Control Systems

On-power refueling machine control system for Kaiga-1&2 and RAPP-3&4 is being developed. As part of this,
screen based operator interface has been completed. It displays refueling sequence status, operations log in
scroll mode with disk logging and implements soft data entry terminal. These features are incorporated in
software by providing three windows for fueling machine operations and another three windows for fuel
transfer system operations. Acceptance testing of the complete control system for semi-auto-mode operations
has been carried out in two phases. In the first phase, extensive testing of fueling machine commands and the
associated safety interlock logic has been carried out. In the second phase fuel transfer system commands and
the associated safety interlocks have been tested. The control system software, for semi-auto mode operation, is
available for commissioning at reactor sites.

For full-auto mode operation of the control system, various fueling machine sequences and fuel transfer system
sequences have been implemented. To test these sequences, a PC based dynamic simulator for fuel handling
system has been developed and interfaced to control microcomputer. This would test the real-time features of
the sequence logic.

PHWR Fuel Handling System Training Simulator

The work on the development of training simulator for PHWR fuel handling system was started. Manual
operations soft panel which is functionally and schematically identical to control room operators console has
been developed. The soft panel implements on PC-monitor, all the operator console elements and provides
guidance to trainee operators on each of these elements. In addition, help topic text and graphics files have been
created to provide extensive details on demand. The soft panel has been interfaced to control microcomputer
and tested.

Channel Temperature Monitoring System

A Channel Temperature Monitoring System(CTM) is being developed for Kaiga-1&2 and RAPP-3&4 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.

Hardware development and fabrication have been completed. Three systems have been dispatched to sites and
one system has been retained at ECIL for final integrated testing. Software development for the Operator

364



Information Unit is in progress and is expected to be completed by March 1998. Software development and
testing of Data Manager module, RTD Balancing module and Core Matrix Display module is completed.
Software development and testing for the Control Unit has been completed. Documentation required for system
qualification is under preparation and is expected to be completed by Mar. 1998.

Digital Recording System

A Digital Recording System is being developed for Kaiga-1&2 and RAPP-3 &4 power plants. The system
provides archival storage of data for 128 analog signals and for 448 digital signals. It consists of one Front End
Processor (FEP) for analog signals, one Front End Processor for digital signals, and two PC/ATs, all of which
are interconnected on a multidrop communication line.

Hardware development and fabrication have been completed. Three systems have been dispatched to sites and
one system has been retained at ECIL for final integrated testing. Software development for the Digital FEP has
been completed. The software development for Analog FEP, Operator Information Unit and for multidrop
communication in the Windows NT environment is in progress and is expected to be completed by March 1998.
Documentation required for system qualification is under preparation and is expected to be completed by March
1998.

Supervisory Control And Data Acquisition (SCADA) System

An Electrical SCADA System to monitor and control electrical equipment for RAPP-3&4 is being developed.
The SCADA system computer configuration comprises five intelligent Remote Terminal Units (RTUs)
connected on RTU - Server network to two Servers which are in turn connected on Server -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.

A prototype SCADA system with one Display station, two Server stations and two physical RTUs and one PC
to simulate 3 RTUs has been networked. The fabrication and assembly of hardware for the prototype RTU units
is completed. Development of software for RTUs is in progress. Development of software for a Real Time
Executive, for acquisition of field and ESR signals, and, for communication of all this information to the
Servers has been completed. Development of software for the Display - Server network using Sockets
programmed for TCP and for the RTU - Server network using Sockets programmed for UDP was completed.
Testing of the master standby Server protocol is completed.

Development of a Start-up scheme for the complete system to ensure that the ESRs, RTUs, Servers and Display
stations can be powered on and brought on-line in any sequence is completed. Development of software module
for Command Server is in progress. The scheme for interlock logic editor is finalized and tested independently;
development of interlock editor is in progress. Development of software for configurable Operating Procedure
to define scheme for operating the various equipment has been completed. Software development for Control
Configuration of equipment in Control Mimic is completed. Software development for the Mimic Display
module and the Mimic Editor module is completed. Documentation for the qualification of the system is in
progress.

Digital Event Sequence Recording System

An Event Sequence Recording System has been developed to provide resolution of sequence of occurrence of
512 digital inputs to 1 msec. The system consists of a Front End Processor based on 8086 and intelligent digital
input cards each based on 8742; this unit is connected on a serial link to the Operator Information Unit based on
a PC/AT.

Software development for the Digital FEP has been completed. The FEP acquires all binary inputs through 8742
processors, attaches time information, and, sends the processed data to the Operator Information Unit. Software
development for the Operator Information Unit is completed. The software acquires all data from the FEP and
displays it as current status and history in various windows in tabular format. Development and testing of
software for communication between the FEP and the Operator Information Unit using a defined send and wait
protocol has been completed. A prototype hardware unit with 96 digital inputs has been built and the software
has been installed and tested.
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Software for Operator Information Units

A universal application Man Machine Interaction software package is being developed for use with various
information systems. The configuration of the package consists of the following four major modules: Data
Manager, Man Machine Interaction, Disk Manager, and Data Communication.

Software development for the Data Manager has been completed. The module receives raw data from Data
Communication module, performs engineering conversions using configuration data and supplies the requested
data to the requesting display processes. Software development for the Man Machine Interaction has been
completed. The module comprises four major sub-modules: 1) menu, which allows a user to make a selection,
2) configuration, which allows a user to view and configure the system, 3) display, which allows a user to view
parameter values in a variety of formats including Trend and History curves, Tables, Bar Graphs etc. and 4)
hardcopy, which allows a user to take a hardcopy of parameter values on printer / plotter. Software development
for the Data Manager has been completed. The module manages the storage of all data on the disk and routes
two - way data between the disk and Data Manager module. Software development for the Data Communication
has been completed. The module routes two - way data between the hardware communication modules and the
Data Manager module. Software development for the Configuration Manager module has been completed. The
CMM communicates changes made in the signal Configuration at any node to all the other nodes. At each other
node, the CMM obtains such changes and actually updates the Configuration at host node. Integration of the
Data Manager module with Man Machine Interaction, Disk Manager, Data Communication and Configuration
Management modules is completed.

Emergency Operating Procedures System (EOPS)

A computerised Emergency Operating Procedures system has been developed for nuclear power plant
operators. This system can detect onset of an emergency situation, identify the specific emergency and invoke
the associated procedure. A fuzzy logic software algorithm has been developed to predict or infer an emergency
condition. Integration of this software with the existing EOPS software was completed.

Reliability Analysis of Circuit Hardware in Computer based Control Systems

Reliability analysis of circuit hardware modules, designed and standardised in the Division, for designing
computer based control systems like PDCS, DPHS-PCS, DPHS-RRS, Fuel Handling Control etc. has been
carried out. A software package based on MIL-STD-217F methodology and data base was used for the analysis
after making appropriate corrections to the environmental and other stress factors, which are encountered in the
Indian plant conditions. Reliability analysis of the above mentioned safety related control systems is currently in
progress by using Fault Tree' model methodology.

Software Engineering, Verification and Tool Development

Computer Aided Software Engineering (CASE) lab

In order to create state-of-the-art development environment for development of software for computer based
systems for nuclear power plants, a Computer Aided Software Engineering (CASE) lab was setup under VIII th
plan. The lab is equipped with CASE tools, for real-time software development, running on HP
workstations. These tools will improve the quality of developed software and reduce the V&V effort.

Verification of PDCS Communication Software

The communication software of PDCS system for Kaiga-1&2 and RAPS-3&4, which implements the various
data exchange transactions between different computers of PDCS system was subjected to formal verification
using SPIN tool. This involved modeling the software operation using the language PROMELLA and then
using SPIN tool for property verification.
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Development of Programming Environment for Real-time Systems

The work on the development of Programming Environment for Real-time Systems (PERTS) was continued
with the development of Syntax Checker tool. The PERTS allows specifications of the real-time software to
be developed in the graphical STATECHART notation which is first translated to functional form and then
subjected to syntax check to detect syntactical errors in the specifications. This translation to functional form
will also be further used in translation of specifications in STATECHART notation to the ESTEREL language.

Computer based Systems for KAMINI Reactor

The performance of reactor regulating system for KAMINI reactor at 1GCAR was observed in manual mode,
for power stabilisation during the 5 KW and 30 KW reactor operations and found satisfactory. The reactor
regulating system will be operated in 'auto mode' during the reactor operations planned in first quarter of 1998.

The Kamini Process Information System provides the functions relating to window alarm annunciation, event
sequence recording and data acquisition and display. Software for the existing system was modified to
incorporate changes made in the alarm window scheme and changes made in the process ranges of several
analog parameters. The modified software has been installed and commissioned at site.

Development of software for display of mimics on PC, instead of the present colour graphics terminal in use, is
in progress.

On-Line Fatigue Monitoring System for Heavy Water Plant, Kota

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 system has been designed to monitor 3 nozzles at Heavy Water Plant, Kota. Integration of the DRS
software and the Life Evaluation software for 3 nozzles has been completed. The hardware required for 3
nozzles has also been installed at site and the system has been commissioned.

Fast Data Acquisition System (FDAS) for KAPS-1

A microcomputer based Fast Data Acquisition System (FDAS), capable of acquiring 100,000 samples/sec,
was designed and developed. The system was fabricated, installed and commissioned at KAPS-I. It acquires 20
turbine-generator vibration signals at the rate of 5000 samples/sec and 15 relevant process signals at 100
samples/sec to understand the behavior of turbine generator system. The data available from FDAS would
enable generation of necessary knowledge based expert system for diagnosing problems that may arise.

Dynamic Studies for NAPS

Operational transients at NAPS were simulated to study the influence of parameters of control systems (like
reactor regulation, boiler pressure control etc.) on plant performance. Comparative merits of the two
proposed steam generator level control schemes for NAPS were analysed and recommendations were given to
NPC.

Microstepping Technology Development

The microstepping technology has been developed for systems requiring very tine control of positions of the
order of 50 nano-meters. In addition to nuclear field, the other areas of application of this technology are in
textiles, semiconductor industries etc. The technology essentially involves generating accurate fractional drives
for stepping motors. This technology is being transferred to a private manufacturer. Negotiations for this are in
the last phase.
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Computer Control System for KOMAGE Hydraulic Press at NFC

Nuclear fuel for PHWRs is made in the form of pellets by compressing the fuel powder under high pressure in
controlled sequence. Control system for the hydraulic presses imported from M/s Komage, Germany has been
indegenously developed. A prototype system has already been commissioned at Nuclear Fuel Complex,
Hyderabad. The same is undergoing trials in the manufacturing environment.

DHRUVA Shut-off Rods

Two modified headgears for DHRUVA reactor shut-off rods have been developed and sent to DHRUVA for
performance testing. The modifications include elimination of low life components and extended service life of
wire rope. A prototype headgear incorporating modifications was tested for 6000 drops without replacing any
component.

Single Crystal X-ray Diffractometer

The fabrication and assembly of the second four-circle goniometer of the single crystal X-ray diffractometer
was completed. It has been tested for various axes alignments and has been coupled with the X-ray source
and control system. This is a DST sponsored project.

Publications

ANN Estimates Channel Power Distribution of a PH WR in Real-Time by B. P. Dubey, V. Jagannathan and S.
K. Kataria presented at the International Conference on Knowledge Based Computer Systems held at NCST,
Mumbai, Dec. 16-18, 1996.
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REACTOR ENGINEERING DIVISION

Major Achievements

1.0 ADVANCED HEAVY WATER REACTOR (AHWR)

The designjof various reactor components and systems were worked out and analytical
codes were developed whenever necessary to estimate some of the inputs. Modifications
were incorporated in designs of some of the systems and components.

Major areas of design and development effort necessary for optimizing and detailing of
AHWR design were identified along with resource requirement.

Feasibility report chapters describing the reactor building layout, PHT piping and electrical
power system were drafted and revised in accordance with the comments received from the
editing committee.

1.1 Design and Development of Reactor Systems and Components

Preliminary design of coolant channel was completed. An optimum configuration of the
tail pipe layout has been worked out. Conceptual designs of reactor components were
frozen. Detailed tolerance analysis of the fuel spacer grid and its components has been
completed.

Gravity Driven Water Pool (GDWP) was modified and analytical code was developed for
estimation of flow from GDWP during loss of coolant accident (LOCA).

Primary Heat transport (PHT) system parameters were estimated as per the new layout and
associated components like bleed condenser, regenerative coolers, bleed coolers and filters
were designed. Moderator system layout was modified and equipment were designed. End
Shield Cooling System and associated equipment were designed. Calandria Vault Water
Cooling System was designed and layout of equipment was prepared.

Nuclear heat generation in the moderator system and in the end shields was estimated.

The thickness of End shield and Deck-plate as well as shielding required in the axial and
radial direction of the core was estimated. Shielding thickness required for shipping cask to
transfer 19 spent fuel bundles, fuelling machine to handle fuel assembly and shielding
required above the fuel assembly were estimated.

1.2 Thermal Hydraulic Studies for AHWR

Steady state and stability of thermosyphon of AHWR primary loop having 408 channels
with different inlet loss coefficients & radial power distributions were analyzed using the
computer code TINFLOW-A & TINFLOW-S. Thermal hydraulic analysis of the AHWR
core was carried out using the computer code THABNA - M0D2 In order to validate the
above computer codes, experiments have been planned to be carried out in a high pressure
natural circulation loop.

Specifications for indirectly heated fuel rod cluster simulator for AHWR thermal hydraulic
safety experiments has been prepared.
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1.3 Experimental Programmes for AHWR Engineering Development

Installation of the various experimental set ups were undertaken for thermal hydraulic
studies and for generating data. An experimental set-up has been fabricated and installed
for the studies on Passive Containment Cooling System (PCCS). Instrumentation for this
facility was designed and commissioned successfully.

The prototype 52 pin fuel cluster was fabricated and its endurance testing was started. The
earlier design of the cluster (Dl ) was endurance tested for 6000 hours.

Installation and commissioning of I&C of Flow Test Facility were completed and
experiments have been carried out to determine the pressure drop across fuel bundle (D-3
type) and its components at different flow conditions.

Experimental data on two phase pressure drop in tubes were generated.

For AHWR- Natural Circulation Studies Experiment, design of I & C were carried out.

2.0 AGEING MANAGEMENT OF PHWR COOLANT CHANNELS:

The ageing management activities for coolant channels of operating Pressured Heavy
Water Reactors (PHWR) were continued.

Analytical work for degradation modelling and assessment was done. Codes were modified
for evaluation of hydrogen concentration and blister growth time for contacting pressure
tubes. Assessment and prediction of life of coolant channels was done with the help of
computer codes developed in-house.

The systems for in-service inspection e.g. Sliver sample scraping system, Integrated garter
spring repositioning system (INGRES) were improved from performance and operation
point of view and trials were carried out.

2.1 Channel Degradation Modelling

The two dimensional finite difference code BLIST- 2D, written in Fortran-77 earlier for
blister evaluation was rewritten in C-Ianguage to reduce computation time. Computer code
Hycon-95 was modified for use in post- accelerated hydrogen pick-up regime of operation
which Indian PHWRs are fast approaching.

Evaluation of MAPS-1 and NAPS-1 coolant channels from blister growth consideration
using codes HYCON and BLIST-ID was carried out. Assessment for hydrogen
concentration and blister growth time was carried out for 94 un-inspected coolant channels
of RAPS-1 reactor.

A comparative assessment of pressure tubes with three different materials viz. Zircaloy-2,
Zr- 2.5% Nb with old specification and new specification was carried out for evaluating
leak before break performance in regard to RAPS-2 reactor.

2.2 Assessment and prediction of life of coolant channels

Using computer code SCAPCA, reassessment of eight quarantined channels of MAPS-1
reactor was done, in view of the newly imposed operating condition after quarantining of
these channels.

In view of the large scale replacement of coolant channels of RAPS-2 reactor, SCAPCA
analysis was done for a fresh Zr- 2.5%Nb pressure tube installed in sagged calandria tube
and other possible cases.
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23 Development of solutions for extension of service life of PHWR coolant channels:

Modification and optimisation of Integrated Garter spring Repositioning System
(INGRES- 2S) has been done and trials were carried out. Various experiments related with
the frequency optimisation, current and voltage optimisation experiments were carried out
to establish the operating parameters. System has been developed for all the signal inputs
from various INGRES probes.

2.4 Development of Techniques for In-Service Inspection

Sliver Scrape Sampling system which was designed to obtain sliver samples for post-
irradiation examination from irradiated pressure tubes of PHWRs was modified to improve
its robustness and performance predictability. Microprocessor based control system was
designed.

Scrape samples were obtained under helium cooling from L14 pressure tube which was
removed from MAPS1 reactor. Forty four samples were obtained for determination of
hydrogen equivalent.

2.5 Experimental facilities:

Burst Test facility: All the equipment including High pressure pump (4000 Bars) were
installed as per design layout and the facility has been commissioned.

Coolant Channel Replacement Machine ( CCRM ): All subsystems of the machine were
commissioned and a demonstration of machine operation was successfully carried out to
establish satisfactory functioning of the same.

3.0 DEVELOPMENT AND APPLICATION OF DIAGNOSTIC TECHNIQUES

Development activities were continued in the field of vibration diagnostics. The Non
Intrusive vibration diagnostic techniques (NIT) were used for coolant channels and other
equipment of operating reactors.

3.1 Non-Intrusive Identification of coolant channels with CT/PT contact:

Identification of coolant channels with CT/ PT contact was carried out in RAPS-1 &
MAPS-1. In order to improve the strike rate of identifying contacting channels, an
Artificial Neural Network was trained on the basis of past data of contacting channels.
Such a network was used for MAPS-1 coolant channels.

3.2 Fast Data Acquisition System for KAPS-1 TG

A fast data acquisition system was installed in KAPS-1 to monitor TG vibration and
process parameters. The system acquires data simultaneously in 30 channels of which 20
channels are TG shaft and bearing vibration and 10 channels are process parameters.

33 AHWR Dumping Fuel bundle vibration

Vibration measurements are being carried out on the flow test facility with dummy AHWR
fuel bundles under different flow rate, temperature and position of the bundle.

3.4 Vibration diagnostics of FOTIA assembly

Investigation of vibration in the shaft and dummy structure of FOTIA assembly is in
progress. Modifications in design have improved vibration pattern.

3.5 Seismic qualification

Development and qualification of computational algorithm for seismic response estimation
of equipment with multiple supports have been done.
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3.6 Investigation of NAPS heat exchanger failure

Development of an analytical model for investigation of NAPS moderator heat exchanger
failure by a MDOF algorithm with non-linear boundary conditions is in progress.

3.7 Battery bank monitoring

Battery impedance of battery bank of class-I power supplies in MAPS-1 were measured
and analyzed by AC impedance method to assess the condition of the cells.

3.8 Automatic balancing machine

Design and development of an automatic balancing machine to maintain the vibration level
of rotating machine to acceptable levels is in progress.

3.9 Fault Simulation experiments for motor monitoring

As part of the experimental simulation of electrical motor faults based on signature
analysis of line current, instantaneous power and axial leakage flux, two case studies have
been done, one a case of loose mounting of motor and another, a case of defective bearing.
Development of software and hardware for digital signal processing for signature analysis
is in progress.

3.10 TDR Techniques on cables

Time Domain Reflectometry technique was applied to detect cable faults and faulty joints
of a motor feeder cable of an experimental facility. This technique can detect open & short
circuits and loose joints.

4.0 THERMAL HYDRAULIC and HEAT TRANSFER STUDIES:

Theoretical studies, analytical and experimental work continued to be pursued in the field
of Thermal Hydraulics.

4.1 Pressurised Heavy Water Reactors:

Experiments have been conducted on simulated scale model to visualize the flow pattern in
header and measure the header pressure distribution under various operating conditions of
PHWR. Theoretical analysis has been carried out and compared with the experimental
results.

Velocity distribution in the calandria model of 500 MWe PHWRs has been measured and
flow pattern visualized for different protrusion lengths of diffuser nozzle.

Small length electrically heated (indirectly) Fuel Rod Simulator (FRS) has been developed
and thermal testing of the FRS is in progress.

Safety Related Technology Development (SRTD):

The work for augmentation of integral facility for SRTD was taken up and the same was in
advanced stage.. All the equipment were installed. The preparation of flow sheet and
process design of secondary system were in progress.

4.3 CIRUS:

Thermal analysis has been carried out for the graphite reflector of CIRUS reactor under
simultaneous reactor/ventilation trip situation at various reactor power level.
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4.4 IAEA CRP:

Under the IAEA coordinated research programme on "Thermal Hydraulic Relationships
for Advanced Water -Cooled Reactors" pressure drop and void fraction correlations have
been assessed using experimental data bank

5.0 OPERATION OF MAJOR EXPERIMENTAL FACILITIES:

The testing facilities and experimental loops were operated for generating data regarding
the performance of reactor components/ materials under simulated conditions.

5.1 Integral Thermal Facility

This loop was operated for endurance test of 500 MWe fuels as well as EPR O' rings at
270 °C and pressure of 85.0 KG/CM.2 accumulating more than 7000 hours for fuel
bundles and 4700 hours for O- rings.

5.2 3MW Boiling Water Loop

Two phase pressure drop experiments in one inch size tubular test section were conducted
at different f lows, pressure and qualities.

5.3 High Temperature Loop

The loop was operated at 280 °C for corrosion experiment of carbon steel coupons of
ASTM A-333 grade-6.

5.4 Flow Test Facility

The endurance test of D-l type fuel of AHWR at 850 LPM flow was conducted . Flow v/s
pressure drop measurements were made across various components of D-3 cluster of
AHWR at different temperatures.

5.5 Main Loop Of FMTF

The loop was operated for facilitate fuelling machine (R-3) testing for Kaiga.

6.0 DESIGN AND DEVELOPMENT FOR INDIAN NUCLEAR REACTORS:

Design and development work in the areas of fuel design/ behaviour, passive safety
aspects, decontamination of reactor systems etc. was continued.

6.1 Irradiation of Test fuel assembly

Irradiation of the fuel assembly having two six element clusters has been carried out for a
buraup of 14000 RMWd in Pressurised Water Loop(PWL) of C1RUS reactor.

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 completed.

6.3 Dry Storage of Spent PHWR fuel

As a part of the dry storage programme of spent fuel at RAPS, studies regarding behaviour
of fuel in air and drying procedures for removal of moisture from the fuel bundles and cask
internals have been completed. Drying experiment carried out on dummy fuel bundles and
hot air drying was found to be effective.

6.4 Development Of Hydrogen Mitigation System

For developing hydrogen mitigation passive devices for safety of nuclear reactors during
LOCA situation by making use of catalytic recombination process, an engineering scale
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test facility has been installed and commissioned for carrying out series of experiments.
Instrumentation for this test facility was also completed.

6.5 Design And Development Relating To Chemical Decontamination

Development and testing of chemical formulations for decontamination of the primary heat
transport system of PHWRs have been pursued as R&D efforts on slowing down the
buildup of radiation fields on the out of core surfaces.

For carrying out advanced research in connection with the "Reactor System Dilute
Chemical contamination studies", an engineering dynamic loop facility had been designed,
fabricated and installed on modular construction types mobile/ portable rigs (SIMLOOP).
After successful pre-commissioning of the loop at Reactor Engineering. Division,
Trombay, the entire package was dispatched to WSCL, Kaipakkam and re-commissioning
of the facility was also completed at IGCAR.

7.0 ACTIVITIES IN THE FIELD OF INSTRUMENTATION AND CONTROL:

7.1 Development Activities:

Design of instrumentation work was completed for Pressure and Temperature cycling
facility for PHWR application. Fabrication has been completed for all the major equipment
such as interchanger, cooler, storage tank, loop heater.

Instrumentation scheme for simulated test fuel pin using electrical heater has been
designed to ascertain the dynamic response of various sensors and instruments. Time
response studies for 0.5 mm and 1.5 mm ID impulse tubing has been carried out.

Design of I&C for integral test loop for safety related technology development has been
completed. Design and fabrication of flow elements for the facility was completed.

A novel scheme was designed to measure the tonnage of underground chilled water lines
(20H and 8 " pipe lines) for an operating plant at RLG.

7.2 I &C for Experimental Programs and Facilities

I&C design, installation and commissioning for various facilities such as Modified seal
plug test facility, fuel rod simulator test facility were completed.

The qualification tests, evaluation tests for surface RTDs for RAPP-3 and RAPP-4
manufactured by Indian vendor were carried out in Integrated Thermal Facility.

Installation of I&C for 750 Tr chilling plant at CAP is completed.

Precision weighing system consisting of ± 0.02 % shear beam type load cells with signal
conditioning units were procured for flow calibration facility.

For Fuelling Machine Test Facility, control schemes for all the equipment operation in
Main loop and Head water system were revised and implemented through relay based
system.

8.0 DESIGN AND DEVELOPMENT WORK FOR RESEARCH REACTORS:

8.1 Controlled Temperature Irradiation Facility (CTIF) for Dhruva

Fabrication drawings for components of CTIF were approved. Heat transfer analysis of
sample container was carried out at different power levels of reactor. The power level
below which the samples can not reach 300°C was also estimated which gives the operator
an indication that if the power of reactor is to be decreased beyond this minimum power.
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8.2 New Conceptual Freezer Drier For Helium Purification System Of Dhruva

The freezer drier was redesigned to suit the inlet and outlet connection of existing freezer
drier in Dhruva.

8J SHIELDING DESIGN

Shielding design was done for HS-1019 beam hole of Dhruva reactor. Nuclear heat
generation in graphite reflector of CIRUS reactor was estimated. The shielding thickness
required for spent fuel transportation cask of PFBR was estimated. A computer code was
also developed for the estimation of shielding thickness required for any shipping cask.

9.0 INFRASTRUCTURE AUGMENTATION:

Installation of heavy duty (6000 amps) bus-bars for FISBE phase-1 heating loads has been
completed.

Installation and commissioning of centralised fire alarm system in Engg. Hall-7 was also
completed. Work on construction of new cooling water lines has commenced.

Installation and commissioning of EPBAX communication system at Engg. Hall-7 was
completed.
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REACTOR SAFETY DIVISION

Major Achievements

Thermal hydraulic and safety analysis of the Advanced Heavy Water Reactor, 200 MWe and
500 MWe PHWRs was carried out. The most severe operating transient was analysed for the
design of relief valves for AHWR. Eight relief valves have been proposed.

For Kaiga Atomic Power Plant (APP), analysis of postulated LOCA alongwith total loss of
ECCS was done. The reactor was found to be fully voided after 3 minutes of initiation of LOCA
and loss of Emergency Core Cooling System. Analyses of individual channels were subsequently
performed. Thermal analysis of central channel of reactor indicated ballooning of presure tube.

A series of limiting safety analyses of TAPS reactor core with MOX fuel bundles have been
carried out to ensure that the specified thermal margin criterion for the core is met. Tubes of
secondary steam generator (SSG) of TAPS are leaking and pressurizing the shell of Steam
Generator. LOCA calculations were done so as to estimate containment pressure in the presence
of secondary inventory.

To check the effectiveness of the proposed modification of dousing tank in RAPS, the LOCA
analysis due to inlet header break was carried out. A major part of the blow down was observed
to take place within 23 seconds of the transient.

Reactor Safety Division is participating in the International Comparative Assessment Study of
the Pressurised Thermal Shock (PTS) in Pressurised Water Reactor Pressure Vessel, (RPV) due
to high and low pressure emergency coolant injection in the event of LOCA. Cooling water
enters from safety injection system into the downcomer annulus between the RPV and the core
barrel in the form of a plume. The plume cools the hot vessel and generates tensile stress in the
vessel walL The axial temperature distribution of cold plume (coolant) was estimated and heat
transfer coefficient was determined. Further, to assess die integrity of the embrittled RPV under
PTS, both deterministic and probabilistic fracture assessment were carried out for three
orientations of crack. The analysis was done as part of an International Round Robin Exercise
conducted by GRS, Stuttgart, Germany.

Pressure and temperature transients in the AHWR containment were evaluated for the
postulated breaks of inlet header, steam line and downcomer. Based on experiments conducted
on the HYMIS test facility, h has been established that the distribution of hydrogen is fairly
uniform. A few experiments were performed to test the efficacy of the catalyst curtain in
recombination of hydrogen.

Detailed stress analysis, including seismic analysis of the ball tank and stand pipe of CIRUS
reactor, has been carried out as part of a seismic assessment evaluation program. The structure
has been found safe as per the seismic requalification procedure laid down by IAEA.
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For the proposed 500 MWe PHWR Power Plant, to study the effect of time delay in the
actuation of anticipatory signal fed into the Steam Generator Pressure Controller (SGPC),
parametric studies were carried out using Integrated Computer Code for Dynamic Analysis of 500
MWe PHWR Power Plant.

NPC Simulator Group requested BARC for a Steam Generator model for Kaiga Unit # 1 APP
for implementation in simulator software package. The required software package for the steam
generator model for Kaiga Unit # 1 simulator has been developed and handed over to NPC.

Carry-over and Carry-under are two important parameters which reflect the performance of
steam drum. The available correlations have been used to design the AHWR steam drum such
that the moisture in the steam line remains below 1% and at the same time the carry-under can be
condensed by feed water. The condenser condenses steam exhausted from the low pressure
suction of the turbine and the turbine by-pass system. A surface condenser has also been
designed. A computer code has been developed and has been verified with the design data of
TAPS condenser.

Collection, Classification and Analyses of Human Indian Error/Human Reliability Data from
operating experience in two PHWRs (RAPS and MAPS) were carried out in order to develop a
database for Human Reliability Analysis (HRA). Factors involved in the implementation of a data
system were investigated and a methodology was worked out. For the cases of repeated error,
quantification of human reliability in terms of Human Error Probabilities (HEPs) was done. An
HRA case study was done in respect of the Operating Procedure for Emergency Condition
(OPEC) for High Pressure Process Water (HPPW) System failure in IPHWR. Research were
carried out for IAEA CRP on HRA data collection and analyses.

Software for automatic construction of a Fault Tree has been developed and tested with the
process and instrumentation diagram of a safety system of Kaiga APP. A database modelled in
MS- ACCESS has been prepared, based on the data from Safety Related Unusual Occurrence
Reports from NAPS. This will generate input information for reliability and PSA studies of NPPs.

Thermal and Radiation ageing and LOCA environment simulation tests have been carried out
on various materials, components and instruments. Based on the accelerated tests, modifications
have been suggested and incorporated in many cases. Installation of Synergism Simulator to
study the interaction effects of combined radiation and environment has been completed.

For CIRUS reactor a detailed thermal analysis was carried out to investigate effect of stored
Wigner energy in the graphite reflector. A detailed thermal axisymmetric model was developed
and analysed using the finite element based thermal analysis code WELTEM. Based on this
analysis, reactor power was increased to nearly 40 MW and measured values were compared with
calculated values. The conclusion drawn was that no damage has been caused to CIRUS
reflector.

Work on 'Residual Life Estimation and Life Extension of Heavy Water Plant Kota1 was
continued to cover additional vessels and nozzles. A life extension basis report was prepared
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giving detailed procedure involving stress analysis, material characterization, in-service inspection,
etc.

Seismic design and qualification of the Additional Waste Tank Farm (WTF) at Tarapur was
carried out and its integrity during a seismic event was checked. The WTF structure at

was also qualified for site motion.

The double containment structure for the proposed AHWR reactor alongwith the internal
structures was analysed for static and seismic loading conditions. The combined stresses were
evaluated for different load combinations and preliminary design of AHWR Reactor Building was
finalised. Local analyses of RAPP 3/4 containment dome were also carried out to provide input
for the revised design of dome.

Research work related to development of computer codes in advanced areas continued as in
the previous years. Finite Element code FLUSHEL has been enhanced to analyse PWR and BWR
blow down problems.

To evaluate the residual stresses introduced during the repair work carried out recently at
Bhira Pumped Storage Project of Tata Electric Companies, (TEC) residual stress measurement
was performed on the penstock. The conclusion was that the high residual stresses can be
tolerated if failure modes such as brittle fracture, buckling, fatigue and stress corrosion cracking
are ruled out. This has enabled TEC to go ahead with further operation.

As a part of the leak-before-break evaluation of primary heat transport system piping, several
analytical studies and material data generation were carried out for fatigue and fracture analysis of
piping components.
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REFUELLING TECHNOLOGY DIVISION

Major Achievements

1.0 DEVELOPMENT OF TECHNIQUES FOR MONITORING AND
ENHANCEMENT OF PRESSURE TUBE LIFE

1.1 BARCIS MKII

A full scale mock-up trial of BARC Inspection system (MK II)for
inservice inspection of coolant channel was carried out at MAPS jointly by
RTD, RCnD & AFD for performance checking successfully and was handed
over to MAPS.

To facilitate quick in-situ calibration check after inspection of every
channel two alternative plugs were designed and manufactured. After
necessary tests one design was selected . The In- head calibration plug
alongwith pressure tube and calandria tube (PT& CT ) assembly has been
tested satisfactorily in fuelling machine at hall no. 3. Subsequently the plug has
been sent to MAPS and mock-up was carried out in RFT at MAPS. During
the mock up the plug was installed in a multipurpose rig and loaded to south
Fuelling machine magazine. Complete rehearsal operation consisting of
picking up the plug from the FM magazine, advancing the plug in the end
fitting to inspection head calibration position, ensuring the plug position by
advancing the separators, depositing the plug in the magazine etc. were
carried out satisfactorily. The plug was kept in South Fuelling Machine C
station and ready for in-head calibration of BARCIS inspection head. It is
proposed to complete the calibration trials before starting the ISI.

1.2 Design and Development of equipment for Wet Integrated garter spring
Repositioning System (INGRES)

For garter spring repositioning INGRES TOOL has been
developed by RED which works in dry channel condition. To facilitate
the repositioning in filled channel condition WET INGRES SYSTEM is
being developed. This will reduce the time and man-rem consumption
during repositioning. For this, a special closure plug and delivery machine
have been designed. The special closure plug which is made in two parts
(casing and inner plug) provides the clear passage of 82 mm for INGRES tool
during operation. Prototype has been fabricated at CAWS. This WET
INGRES delivery machine was tested at hall-7 with special closure plug
and dummy INGRES TOOL. Following tests have been conducted so far.

- Pressure testing of special closure plug.

- Pressure testing of delivery machine.

- Operational testing of complete system in dry condition.
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For operation of the above machine a control system has been
developed in and has been used during the testing of Wet INGRES
system.

WET INGRES delivery machine was tested successfully and it was
demonstrated to RED with dummy INGRES tool. WET INGRES Delivery
Machine has been handed over to RED for integrating with the INGRES
tool.

2.0 FLUID POWER LAB :

A full-fledged fluid power laboratory has been set up at Egg. Hall no.3
with the major tasks and objectives as gaining first hand experience in new
technology of fluid power controls, design and developments of fluid
power components & control system for critical applications , development
of Diagnosis technique for fluid power components/system, a training
centre for fluid power controls. For fulfilling the above objectives, various test
facilities have been set up at the fluid power lab. The industrial fluid power
components are being developed by the manufacturer, based on some specific
application like heavy earth moving equipments, precision heavy
machine tools, automobiles, artillery etc. where there demand is large.
These standard products may be used for remote handling devices
specially designed & developed for handling nuclear fuels and other critical
components. But, the technical data available with the manufacturer is often
not sufficient to select these standard product for a specific application. It is,
therefore, necessary to conduct through testing of these components under
simulated operating conditions, and qualify them for specific application.
At the same time, the system designer normally would hesitate to use the
new technology in their system due to

a) lack of full technical information on the new products for the particular
application.

b) lack of operational experience under our operating conditions
c) lack of awareness about particular technology back up.

The total area of the lab is about 80 sq.m. having three rooms i.e. power
pack room, test facilities room & control cabin. The power pack room
contains two power packs for providing the high pressure high flow oil to
various test facilities located in main test facility room. The power packs can
develop a pressure of 200 bar and a flow up to 140 lpm. In addition, it can
supply 400 bar high pressure for hydrotesting the hydraulic components. All
the test facilities are fully instrumented and controlled by distributed control
system (DCS) located near test facilities and data acquisition and control
programme is carried out through a personal computer located in control
cabin. The smart controllers of DCS are connected to PC through
multiserial cards. The control programme for conducting the tests can be down
loaded to the controllers through PC and the data received at PC are handled
by Man Machine Interface (MMI) and display in mimic diagrams,
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characteristic graphs, tabular forms etc. The virtual control panels of each test
facility is also developed using MMI in computer monitor and full lab is
operated and controlled through these panels.

The lab is having liquid particle counter for analysing the
contamination level in various hydraulic and lubrication systems for
proactive maintenance. An on-line viscosity monitoring system has been
arranged for continuous monitoring and control of fluid viscosity during
testing of various components & system.

The total lab has been set up with lot of flexibility. The test facilities
can be altered to with slight modification for conducting specific tests on
any kind of actuators, valves, system, mechanism etc. The testing &
operating conditions can be easily controlled using instrumental valves &
control system..

3.0 DESIGN & DEVELOPMENT WORK RELATED TO 220 & 500 Mwe
PHWR.

3.1 End fitting blanking assembly which can be used as secondary sealing
arrangement till repair work can be taken up in the channel in which seal plug
is leaking was designed .developed & successfully tested at simulated
condition to help site in reducing the costly reactor shut down.

3.2 Shuttle is a cylindrical container which carries spent fuel bundles in a pair
from shuttle transfer station (STS) in fuel transfer room to spent fuel receiving
bay (SFRB) through a 47m long shuttle transport tube (STT). Shuttle while
moves through STT by virtue of water flow , two bearing ring of shuttle
come in contact with STT. A new bearing ring was designed to get rotation of
shuttle for uniform wear out of bearing ring and thereby higher life of bearing
ring. Wear test of bearing ring was carried out for 400 rector channel of
operation in shuttle test set up at Hall no.7. Uniform wear out was observed
which improves life of bearing ring by five times compare to present design..

3.3 8000 hrs. of endurance test of 37 element fuel bundle completed in reactor
simulated condition at 110% of max. flow channel. This test time is equivalent
to 333 full power days which is the normal resident time of fuel in high flow
channels.

3.4 Rubber seal developed by RTD enplane of metallic skinner seal, which seals
the interface between E face of endfitting and fuelling machine snout
during refuelling of a channel was used in a channel in KAPS in which
metallic seal was leaking badly and refuelling was done successfully.

4.0 DESIGN OF IFTM FOR PFBR.

Conceptual design for Inclined Fuel Transfer machine for two loop
concept of PFBR has been completed. A design note & Preliminary Safety
Analysis Report prepared & submitted to IGCAR. Detail design of some of
critical assemblies viz. tilting mechanism, ramps, transfer pot has been
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completed. Drawing preparation is in advanced stage of completion.

5.0 ENGINEERING OF SPENT FUEL TRANSFER SYSTEM FOR 500
MWEPHWR.

Design of spent fuel transfer system of 500Mwe continued. Design of
sleeve ram & shuttle transfer tube layout completed. About 25 nos. of
drawing prepared & 12 of them are approved.

6.0 DESIGN OF FUEL HANDLING SYSTEM FOR AHWR.

Advance Heavy Water Reactor is a new pressure tube type vertical
reactor with light water as coolant and heavy water as moderator.
Approximately 4.2m long fuel bundle will be hanged from top through
shield plug. A shielded vertical fuelling machine will be employed from top
for refuelling . Considering the handling of long fuel and shield plug with
reactor ON/OFF power preliminary dimensions and major concept of
fuelling machine and fuelling machine shield have been fixed. A temporary
spent fuel storage block area has been provided inside reactor building for
storage of fuel bundle temporally . Layout of storage area and major
dimensions has been fixed . Considering no of alternatives a shielded flask
will be used to transport spent fuel bundle from temporary storage area to
away from reactor (AFR) storage area. To facilitate removal of coolant
channel from top it is required to have opening of adequate size in the
reactor top face after considering other alternatives it has been decided to use
of rotating plugs above the coolant channel end face . It will shield the
personnel working on reactor top face from the radiation .Major dimensions
of rotating plugs have been fixed . To hold fuel bundle inside reactor coolant
channel through shield plug a detachable collet type joint have been
designed. Preliminary conceptual design of Fuel Handling System for
AHWR has been completed & a feasibility report prepared. An activity list has
been prepared to take various design and development work related to
AHWR fuel handling in IX th plan project.

7.0 Mini Power Plant Using SOLAR & liquid Metal Magnetic hydro
Dynamic ( LMMHD).

Preliminary design of complete heat transport system with control solar
receiver using air/water as a primary heat transport media & mechanical
design of LMMHD drops, separator, dump tank and other auxiliary system
was carried out.

Detailed work for various type of primary heat transport fluid to be used
in solar receiver, various types of electro dynamic fluid to be used as LMMHD
drop, various arrangement and number of LMMHD drop for power generation
were carried out. Basic design of LMMHD drop along with steam turbine
and basic design / selection of steam generator in place of solar power as a
heat source were also carried out. Feasibility report of above options
arrangement along with techno economic comparison was made.
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8.0 Support to other agencies.

Division continued to provide support to AERB for Preparation of safety
guide & to NPC related to safety, operation of PHWR fuel handling system.
& preparation of Operation procedure for emergency condition.
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SOLID STATE PHYSICS DIVISION

Major Achievements

1. Neutron Beam Research

a)Fundamental properties of neutron

The existence and observability of neutron acceleration in
homogeneous electromagnetic fields has been conclusively proved
by deriving the complete spinor evolution, thus ending a long-
standing controversy in the matter. The journal Nature has
acclaimed this work in its "News and Views1 column (June 5,1997
pp. 558-9).

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

b) Structural studies

i) Crystalline systems

High precision single crystal neutron structural study of
thiourea zinc sulfate has been carried out and the feasibility of
computing electro optic coefficients using refined parameters for
strongly hydrogen bonded systems, has been demonstrated.

Powder Neutron studies on solid solution of rare-earth
transition metal intermetallics HoFe2 and HoMn, which exhibit
interesting magnetic behaviour, have been carried out over a
temperature range (12-300K). Holmium moment is observed to
increase with decreasing temperature while the moment of the
transition atom remains temperature independent.

Neutron diffraction measurements with polarised and
unpolarised beams were carried on La1-x(Na/K)xMnO3 (x'0.1) as a
function of temperature down to 14 K. These systems belong to the
class of CMR materials. The chemical structures have been refined
using room temperature data. Both the compositions are
ferromagnetic with manganese magnetic moments randomly canted
with respect to the trigonal axis. The values of the Mn moment at
14 K are 2.8 and 2.1 Bohr magneton for the K and Na compounds,
respectively.

ii) Non crystalline systems

Neutron diffraction study on a new form of conducting
amorphous carbon prepared by pyrolysis of TetraChloro Pthalic
Anhydride carried out upto a Q of 14.5 A-l, shows an unusual
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temperature dependence indicating a small activation energy
(0.01 eV) in the range 300 K to 100 K. The bond distances from
first two peaks in g(r) are 1.45 A and 2.49 A, very similar to
those in sputtered amorphous carbon films. The first and
second co-ordination numbers are 3.1(1) and 6.3(2) are similar
to nano crystalline glassy carbon. The results show that this
carbon is more graphite like compared to sputtered amorphous
carbon but more disordered than glassy carbon.

Structures of simulated waste oxide glasses having
different contents of waste oxides together with basic glass have
been examined using both X-ray and neutron diffraction methods.
A structural model with waste oxides occupying the holes in
the glassy network without appreciable distortion of the
basic borosilicate units, has been proposed.

We carried out first neutron diffraction studies on the
sulphide glasses 0.5Li2S - 0.50P2Sc and 0.40Li2S - 0.60P2S5.
These glasses are extremely hygroscopic but have higher
(about 2 to 3 orders) ionic conductivities than their
respective oxide glasses. Data analysis is in progress, to
deduce the model structure.

The neutron diffraction observation of a prepeak in liquid
CD-jOD arising due to hydrogen bonded hexamer clusters has been
carried out, for the first time.

iii) Soft Condensed matter

The raicellization behaviour of triblock copolymers under
different solution conditions has been initiated using small
angle neutron scattering(SANS) and the effect of spacer length
and its wettability on the micellar structure of Gemini
surfactants has been established. SANS studies of ferrofluids
have shown that the magnetic size of particles is somewhat small-
er than their physical size.

iv) Elementary Excitations:

Phonon dispersion measurements have been carried out in
mineral zircon ZrSiO4 and MnCCU upto (energy transfer) 30 meV
using TAS at Dhruva. Molecular dynamics simulation calculations
have been carried out using the parallel computer on enstantite
and Magnesium silicate minerals, to investigate the melting
behaviour.

The effect of strain field on tunneling states of ammonium
ions in mixed salts of ammonium and alkali halides have been
studied. These studies show that non-Debye specific heat of
these orientational glasses depends not only on the tunneling
unit but also the strains in the lattice.
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2. Neutron Beam Instrumentation

(i) A high, pressure cell of hardened EN4 5 steel has been
fabricated and tested upto 5 Kbar, The structural phase
transition in ND4I at 0.8 Kbar and in KNO3 at 3 Kbar have been
checked for calibration. This cell has been used to observe the
phase transition in alpha resorcinol at 5 Kbar.

(ii) A commercial multislit bent supermirror polarizer/analyzer
purchased through the IUC-DAEF, introduced in the polarised
neutron diffractometer has been observed to yield an intensity
gain factor of 4 and 16 as compared to the standard Cu2MnAl and
CoFe crystals earlier used as analysers under identical
conditions at 1.2A, with a polarising efficiency of 0.98, thus
enhancing the capability of the spectrometer.

(iii) A revised proposal for a hot neutron source , with
preliminary engineering design has been taken up for evaluation
by safety committee. In view of the non-availability of certain
critical components, the circulation of cold moderator (liquid
methane) for cold neutron source is being studied for alternate
options.

(iv) With the completion of biological shielding for two neutron
guides, the commissioning of the experimental stations on the
guide beams is in progress. Two small angle scattering
spectrometers which have been designed and fabricated, are now
undergoing installation.

(v) Installation of a new powder diffractometer is nearing
completion at the Dhruva reactor hall. This will fulfill the
demand for diffraction experiments needing higher resolution.

(vi) The shipment of the last component (shutter collimator)
for the OSIRIS spectrometer being installed at RAL, UK under
BARC-RAL collaboration was completed.

3. University collaboration

The neutron research facilities continued to be used by the
researchers from the Universities with financial support from the
IUC-DAEF. There are nearly 30 ongoing experiments under various
stages of progress.

4. Protein Crystallography

The fatal disease AIDS is fast spreading into general
population and therefore research effort is being carried out
through out the world to develop drugs against this disease.
Inhibitors of HIV-1 protease enzyme is being attempted by Struc-
ture-based drug-design. Towards this end we have determined
the structure of drug resistant mutant HIV-I protease at 2.3 A
resolution. We have also obtained improved crystals that dif-
fract to at least 2.0 A resolution. The structure reveals the
movement of two loops located in the active site thus reducing
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the volume available for drug binding. Attempts are on to
design inhibitors that would fit this reduced cavity. Incidental-
ly, this is the first structural study from India on a AIDS
related protein.

5. Complementary techniques:

i) Raman studies:

With the availability of the diamond anvil cell, in which
pressures of the order of 350 kbar can be generated, it is now
possible to investigate the phase diagram of materials at high
pressures using Raman Spectroscopy. High pressure studies have
been carried out on molecular system adamantane with the interest
of understanding the mechanism of well known disorder-order
transition as well as to investigate the stability of the new
ordered phase at still higher pressures. Studies have also been
carried out on LuPO4 with the interest of verifying the zircon-
scheelite transition predicted by lattice dynamics calculations
to occur around 270 kbar, the transition has indeed been detected
at about 220 kbar. High pressure Raman scattering studies on
porous silicon has also shown, for the first time, a behaviour
markedly different from that of the bulk material which could be
understood on the basis of the finite crystallite size.

ii) Membrane studies:

Studies on the role of drugs on membrane head-group
interactions in the model membrane system DPPE-buffer(pH9.3) show
that drugs benzoic acid and salicylic acid, enhance the meta
stability of the gelphase. This is in contrast to the opposite
effect observed with drugs like dapsone. The findings are of
relevance to bacterial membranes which are rich in PE-head
groups.

iii) Pattern formation studies:

Investigation of pattern formations from aqueous solutions
of sucrose, glucose and ascorbic acid systems very near
equilibrium have been carried out for the first time. It is
observed that patterns generated from ascorbic acid solution
exhibit transitions from circular to dendritic and dense
branching morphologies as a function of temperature and
concentration. A novel feature is the formation of dendrites with
periodic density variations.

iv) SAXS Studies

SAXS studies have been carried out on lightly doped p-type
porous silicon and or Al-Ag alloys. Wavelength dependence of
scattering profiles from porous Si showed strong multiple
scattering effects, which have been corrected for to extract the
single scattering profiles. These are then explained in terms of
mixed cylindrical and spherical pores without recourse to fractal
structures reported in literature. For Al Ag alloy with 2 0wt% Ag,
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spherical precipitates which grow coarser with aging time, have
been observed. The size distribution follows the Weibull distri-
bution.
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22. "Magnetic structure of (La,M)MnO3 (M=K,Na)"
A. Das, M. Sahana, Sk. M. Yusuf, C. Shivakumara, M.S. Hegde
and L. Madhav Rao

23. "Neutron diffraction and magnetization study of HoFeMn"
K.R. Chakraborty, S.K. Paranjpe, V. Siruguri, O.D. Jayakumar,
S.K. Kulshreshtha and T.V. Chandrasekhar Rao

24. "Fractal morphology in porous membranes :- A SAXS
investigation"
D. Sen, S. Mazumder, A. Sequeira, A.K. Ghosh, V. Ramachandhran
and M.S. Hanra
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25. "Estimation of distance distribution function for
irregular objects using monte carlo simulation"
D. Sen

26. "Density modulated dendrites in two dimensional pattern
growth from aqueous solution of ascorbic acid"
A.S. Paranjpe

27. "Micellar structures of gemini surfactants"
V.K. Aswal, S. De, P.S. Goyal, S. Bhattacharya and R.K.
Heenan

28. "Small-angle neutron scattering and viscosity studies of
living polymer regime in CTAB/NaSal micellar solutions"
V.K. Aswal, P.S. Goyal and P. Thiyagarajan

29. "Neutron and X-ray reflectometry with Nickel/Titanium
multilayer thin film"
Saibal Basu, M. Vedpathak and S.K. Kulkarni

30. "Reorientation of pyridinium ions in pyridinium chloride"
S. Mitra and R. Mukhopadhyay

31. "Side-group dynamics in glassy polymers: Inelastic neutron
scattering study"
R. Mukhopadhyay, A. Alegria, J. Colmenero and B. Frick

32. "Neutron diffraction experiments at high pressure"
A.B. Shinde, P.S.R. Krishna, S.K. Paranjpe, S.N. Vaidya,
V. Vijay Kumar and S.K. Sikka

33. "A double monochromator assembly for SANS spectrometer at
Dhruva reactor"
V.K. Aswal, J.V. Joshi and P.S. Goyal

34. "Data acquisition system for two dimensional position
sensitive detector"
J.N. Joshi, A.K. Patra, N.D. Kalikar and A.M. Shaikh

35. "A comparative study of several germanium and silicon
single crystals as monochromators"
A.S. Deshpande, T. Sarvanan, P.R. Vijayaraghavan and A. Sequeira

36. "A prototype area detector for small angle neutron
scattering"
A.M. Shaikh, A.K. Patra, J.N. Joshi and N.D. Kalikar

37. "Raman studies of CdS nanoparticles in langmuir-blodgett
films"
S.N. Narang, N. Prasanth Kumar, S.S. Major and S.K. Deb

38. "Neutron structural studies of La3 5_a_v(Y)yBa3 5-x
Ca2xCu7°z

(x=y=0.0 & 0.5) system" * y

M.V. Subbarao, H. Rajagopal, A. Sequeira and R.G. Kulkarni
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39. "Small angle neutron scattering studies on liquid crystals"
M.K. Das, B. Adhikari, R. Paul, P.K. Mandal, K. Usha Deniz
and S.K. Paranjpe

40. "On the structure function of liquid alcohols at small
wave-numbers and signature of Hydrogen-bonded clusters in
liquid state"
A.K. Karmakar, P.S.R. Krishna and R.N. Joarder

41. "SANS study of a block copolymer (F88) in aqueous solution"
N.J. Jain, V.K. Aswal, P.S. Goyal and P. Bahadur

42. "SANS study of precipitation in 17-4 PH stainless steel
during thermal ageing"
H.K. Sahu, P.S. Goyal and V.K. Aswal

43. "Development of a microstrip gas counter"
V. Radhakrishna, L. Shivalingappa, K. Rajanna, A.M. Shaikh
and S.S. Desai

44. "Impedance measurements on Y2O3 stabilized Bi20-j"
K.V. Kale, P.R. Jadhav, G.K. Bichile and S.K. Paranjpe

45. "Study of B(10) profile and its diffusion co-efficient in
metallic glass at different temperatures"
P.A. Dhokale, V.N. Bhoraskar and P.R. Vijayaraghavan

D. Other Conferences:

46. "Pressure Induced decomposition of KHSO4 at high pressures"
T. Sakuntala and A.K. Arora
Proceedings of Joint AIRAPT XVI & HPCJ 38 (Int. Conf. High
Pressure Science and Technology), Kyoto, Japan (Aug.25-29,
1997) in press

47. "Characterization of nanoparticles using laser Raman
spectroscopy"
M. Rajalakshmi, T. Sakuntala and A.K. Arora
"Laser Applications in Materials Science and Industry"
Eds.R. Kesavamoorthy, A.K.Arora, C. Baburao and
P. Kalyanaraman
Allied Publishers p. 122 (1997)

48. "Lattice dynamics and molecular dynamics simulation of
materials"
S.L. Chaplot
"Frontiers in Materials Modelling and Design"
Eds. V. Kumar, S. Sengupta and Baldev Raj
(Springer Verlag, Berlin 1997) in press

49. "Molecular dynamics simulations of phase transitions of the
MgSiO3 polymorphs at high pressure and temperature"
S.L. Chaplot, N. Choudhury and K.R. Rao
Proc. Materials Research Society of India- Eighth Annual
General Meeting; Mumbai (1997) in press
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50. "Dynamics of complex materials at high temperature and
pressure"
S.L. Chaplot
Proc. Intl Symp on Novel Materials, Puri (1997) , (Nova
Science Publishers, New York) in press

51. "Neutron scattering studies on Lead Iron Phosphate
glasses"
P.S.R.Krishna, B.A.Dasannacharya and Alex. C. Hannon
Proc. International conference on Physics of Disordered
Materials, ICPDM'97, Jaipur, (1997).

52. "Mossbauer studies of High temperature superconductors"
S.C. Bhargava
Review paper to appear in Proc. Conference on
superconductivity, Hyderabad, 15-17 Dec. 1997.
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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 1997 is given

below:

I ATOMIC SPECTROSCOPY

i) New Design of all metal hollow cathode for
spectroscopy of radioactive samples

Liquid nitrogen cooled all metal Hollow Cathode Discharge Lamps (HCDL)

incorporating several novel ideas which take into consideration

problems of handling rare and radioactive elements have been developed.

This new HCDL uses only 10 mg of element of interest which last for

about 60-70 hours of operation. The HCDL is sturdy and intrinsically

safe. In addition, it can be conveviently loaded with a radioative

material, sealed hermetically in an a-protected facility and

transported to an inactive area housing spectroscopic instruments

without any stringent safety requirements.

Emission spectra of 233U have been recorded under high resolution on a

Fabry Perot instrument using the all metal HCDL for the first time.

ii) Ion Trap for precision atomic spectroscopy

Ion traps have been employed in recent years for carrying out

measurements of certain spectroscopic parameters with very high

precision. The main advantage of ion trap is that it facilitates long

storage times which for laser spectroscopic studies on trapped ions

results in marked improvement in the signal-to-noise ratio.
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Confining the ions to linear dimensions less than the wavelength of

laser radiation would ensure that the spectrum is free from first order

Doppler broadening.

The ion trap being set up in the division is at an advanced stage of

completion. Presently it is being operated in the Penning mode where

electric and magnetic fields are used for confinement and electrons are

injected into the trap. Measurement of the ring electrode current as a

function of magnetic field indicates trapping of electrons.

II. MOLECULAR ELECTRONIC SPECTROSCOPY

The elucidation of the electronic structure of simple molecules/radicals

through analysis of their gas phase optical spectra was pursued keeping in

view possible applications in other areas and for identifying new lasing

transitions in molecules. The details about some of these systems are

described below:

i) SbO (antimony monoxide radical)

High resolution investigation of the electronic spectrum of

isotopically enriched 121SbO is well under way. The rotational

analysis of B2z+(v=l) - X 2n3/2 (v=l) and the newly identified H2n3/2

(v=0) - X 2n3/2 (v=6) transitions were completed and the results

communicated.

ii) AIC1 (aluminium monochloride)

The weak structure due to the a3n0 j (v=0) - X'z+ (v=0) transitions in

the less abundant isotopic species A137C1 was analysed. Molecular

parameters were evaluated using Zare's effective Hamiltonian and the

results published.

iii) GeS (germanium monosulphide)

Extensive high resolution analysis of many A^-X1!* bands of 70GeS,

recorded on the 10.6 m Ebert spectrograph in higher orders has been

carried out.
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iv) Laser Transitions in Group III A Monohalides

Following the identification of bound-free transitions in InCl, InBr

and GaBr, experiments were initiated for realizing laser action on

these transitions.

m . LASER SPECTROSCOPY

Dual Solvatochromism of Neutral Red

The effect of solvent polarity on the electronic absorption and flourescence

properties of Neutral Red (NR), a phenazine based dye of biological

importance was investigated in several neat and mixed solvents. The study

reveals the existence of two closely spaced electronic excited states in NR.

In low polarity solvents the fluorescence is mainly emitted from the

localized excited state, whereas in high polarity solvents the emission from

charge transfer states has been estimated. The dipole moment of the

localized excited states (4-8 D) is only slightly higher than that of the

ground state (2-0 D), while that of charge transfer state is drastically

higher (17-5 D).

IV INFRARED AND RAMAN SPECTROSCOPY

i) FTIR and Laser Raman Studies of Thin Films

Diamond thin films and diamond like carbon (DLC) films are finding

increasing technological applications due to their unique properties.

In view of their importance various techniques such as hot filament

chemical vapour deposition (HFCVD) and microwave CVD are being on

various substrates. We have studied the FTIR and Raman spectra of

several diamond and DLC films in order to characterise and optimise the

growth parameters. The Raman spectra of diamond films grown at various

deposition pressures (20-80 Torr) of methane (0.8%) in H2 gas have

revealed interesting trends. The width and peak position of the

characteristic 72g mode (1332 cm1) of diamond is found to change with

deposition pressure while the width increases gradually upto 60 Torr

and there is a small blue shift in the peak position, at ~ 80 Torr

pressure a sharp increase in the width and shift of the T2g mode are

observed. These changes are interpreted in terms of the strain and
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distortions in the lattice leading to partial lifting of the degeneracy

of the T2g mode. The Raman spectra of DLC films show a broad

characteristic feature, the deconvolution of which provides information

on the content of sp3 bonded carbon in the sample.

ii) Analysis

FTIR spectra of several samples of concrete admixture were recorded and

analysed for the Kaiga Project and Rajasthan Power Project, NPC. On

the basis of the IR spectra it was possible to identify the chemical

composition of the admixtures.

ANALYTICAL SPECTROSCOPY

i) During the year Jan. 1997 to Dec. 1997 the total number of samples

analysed were as follows:

Total No. of samples : 1042

Total No. Determinations : 6197

The following is the break up of the samples:

Uranium : 444

R.E. nitrate : 422

Miscellaneous : 176

This contains the no. of water samples analysed for As from the West

Bengal belt. The miscellaneous samples analysed were from various units

of D.A.E.

ii) Analysis of Arsenic in the Water Samples of West Bengal Belt

A number of samples from the West Bengal belt are analysed for its

arsenic content. Many water samples contained more than the safe limit

of arsenic in water which is 50 ng/ml.
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VI ANALYTICAL INSTRUMENTATION

Sequential ICP-AES System

For the analysis of plutonium product from the spent fuel at the Kalpakkam

Reprocessing Project (KARP), an ICP-AES sequential monochromator system has

been developed in Spectroscopy Division. The monochromator covers a

spectral range of 200 nm - 450 nm and has a resolution of 0.02 nm. The

grating rotation is imparted through a precision sine-bar drive mechanism,

designed and fabricated at Central Workshops. The RF power supply (1.5 KW,

27 MHz) for the plasma torch has been made by TP&PED.
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A calibration plot for the rare earth elements which need to be estimated

is displayed. Limits of detection achieved range from 3 ng/ml for Eu to 35

ng/ml for Ce. Scientists from FRD and KARP have also participated in

performance evaluation tests. The instrument is being shipped to KARP.

408



ICP - AES Scanning Monochromator
NEXT PAQE(S)

left BLANK



SYNCHROTRON INSTUMENTATION

Mechanical assembly and functional test of two mirror mounts for the

Photoelectron Spectroscopy Beamline have been completed. Using the

indigenously developed Seya-Namioka monochromator for the Photophysics

Beamline, CO-discharge spectrum and hollow cathode spectrum of iron have

been recorded and resolution test has been completed. Fabrication work for

the scanning chamber and the vacuum tank of the 6.65 meter off-plane Eagle

spectrometer to be used in the high resolution VUV-beamline has been

initiated.

Vffl OPTICS AND THIN FILMS

An RF sputtering chamber (0.5 mtr) has been assembled and made operational.

This facility is intended for developing mirrors in the XUV region.

Multilayer devices consisting of alternate layers of copper and silicon have

been fabricated and tested using small angle x-ray scattering technique.

Dielectric multilayer thin film devices such as high reflecting mirror, beam

combiner, wavelength multiplexer, minus filter, narrow band filter have been

produced for users in BARC.

MISCELLANEOUS

1) Two old and abandoned Littrow large quartz spectrographs were restored to

working order and loaned to Bhavnagar University and Meerut University after

training the prospective users from these institutes.

2) Excimer Laser : Repair and recommissioning

A decade old excimer laser (supplied by M/s. Lambda Physik, Germany) in

Spectroscopy Division stopped operation due to severe corrosion of bearings in

the gas circulating fan assembly and leaks developed in the metal bellows at

the two ends of the cavity. Removal of damaged components and their

replacement with new ones was a delicate and tricky job and the parent company

insisted on shipping the equipment to Germany for this purpose. However it was

decided to carry out the repair work in-house. Only the spare parts costing

around Rs.2 lakhs were imported from Lambda Physik. The laser has since been

made fully operational. It may be noted in this connection that the current

price of an excimer laser is around Rs.35 lakhs.
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JOURNALS

1. Rovibrational Matrix Elements of Multipole Moments of the H2 Molecule

A.P. Mishra and T.K. Balasubramanian

Molec. Phys. 90, 895 (1997)'

2. Vibrational Structure of the A%-XlZ+ and B3n,-X1z+ Transitions
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and A. Weber

J. Mol. Spectrosc., L86, 363 (1997)
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Synchrotron Source

N.C. Das and B.N. Raja Sekhar

Journal of Optics, 26 (1997)
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P.M. Raja Rao, B.N. Raja Sekhar, N.C. Das, H.A. Khan, S.S. Bhattacharya,

A.S. Raja Rao and A.P. Roy

Sadhana, 22, 601 (1997)

7. The Design, Fabrication and Performance Evaluation of a Scanning

Monochromator for Rare Earth Elements Analysis

R.P. Shukla, D.V. Udupa, S.S. Biswas, Monika Das, S.V.G. Ravindranath,

S.M. Marathe, A.K. Sinha, M.B. Guhagarkar and A.P. Roy
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8. Some Applications of Murty Interferometer : A Review

* R.P. Shukla and Daniel Malacara

Optics and Lasers in Engineering, 26, 1 (1997)

9. Isotope shift studies in the spectra of gadolinium in uv region and term

shift of high even levels of Gd I

S.M. Afzal, A. Venugopalan and S.A. Ahmad

Z. Phys. D 41, 95 (1997)

10. Term shift of high lying odd and even energy levels of Nd II
S.G. Nakhate, S.M. Afzal, S.A. Ahmad

Z. Phys. D 42, 71 (1997)

11. Isotope shift in spectral lines of Yb+ in 322-615 nm region and term

shifts of odd and even parity energy levels of Yb II

S.A. Ahmad, Pushpa M. Rao and S.M. Afzal

Z. Phys. D 42, 165 (1997)

12. Laser cooling and trapping of neutral atoms

B.N. Jagatap and S.A. Ahmad

Physics News, 28, 83 (1997)
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resonance ionisation mass spectroscopy
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G. Huber, J.V. Kratz, M. Nunnemann, G. Passler, P.M. Rao, J. Reigel,

N. Trautmann and K. Wendt

Spectrochim Acta B 52, 717 (1997)
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CONFERENCES

1. Intensity Mechanisms in Forbidden Diatomic Spectra

T.K. Balasubramanian

Proc. of National Conference on Spectrophysics, Pachaiyappa's College,

Chennai, Feb. 10-12, 1997, p.4 (invited talk)

2. RovibrationaJ Matrix Elements of the Higher Order Multipole Moments .

and of the Linear Polarizability of the H2 Molecule

A.P. Mishra and T.K. Balasubramanian

ibid, p.68

3. Investigation of the Ain-X»E+ System of 70GeS and 74GeS

B.J. Shetty, Sunanda Krishnakutnar and T.K. Balasubramanian

ibid, p.66

4. Spectroscopic Characterization of the Antimony Monoxide (SbO) Radical :

Investigations using 12ISb Enriched Isotope

R. Venkatasubramanian, Sheila Gopal, Mahavir Singh and

T.K. Balasubramanian

National Symposium on Radiation and Photochemistry, Andhra University,

Visakhapatnam, pp. 65, Jan. 8-10, 1997

5. Plasma Deposition of Hard Carbon Coatings

D.S. Patil1, K. Ramachandran1, N. Venkatramani1, M. Pandey,

S. Venkateswaran and R. D'Cunha

National Symposium on Vacuum Science and Technology and Power Beams

Nov. 19-21, 1997, BARC, Mumbai, pg.C-115

(•Laser & Plasma Technology Division, BARC)

6. Raman Study of Chemical Vapour Deposited Diamond Films

M. Pandey, Sugandhi V., R. D'Cunha, T. Sarda1, A.K. Sikdar1, D.S. Mishra'

ibid, pg.C-180

('Department of Physics, IIT Bombay, Mumbai)
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7. Defects in Diamond Films : EPR and Raman Studies

A.K. Sikdiri, D . S . Misra1, M. Pandey, R. D'Cunha, M.K. Bhide2

and M.D. Sastry2

DAE Solid State Physics, Symposium Cochin University of Science &

Technology, Kochi, Kerala, Dec. 27-31, 1997, pg. 435

^Department of Physics, IIT Bombay, 2Radiochemistry Division, BARC)

8. Infrared Absorpion in Self Standing Diamond Films

A.K. Sikdar1, Ajey P. Jacob1, D.S. Misra1, M. Pandey, Mayuri N. Gandhi2

and Gundu Rao2

ibid, pg.73

(!Dept. of Physics, IIT Bombay, 2R.S.I.C, IIT, Bombay)

9. Laser Raman Spectroscopic Studies on Phase Transitions in Na3BaCl5, 2H2O

and (NH4>3 BaCl5 2H2O Single Crystals

Sugandhi V., Susy Thomas, N.P. Karanjikar, A.P. Roy, M.A. Khandaswamy

and V. Srinivasan

Symposium on Laser Applications in Material Science and Industry,

Feb. 26-28, 1997, IGCAR, Kalpakkam, Chennai

10. Image Evaluation of the High Resolution Vacuum Ultraviolet Spectrometer

on Indus-1 Synchrotron Source

N.C. Das

XXIV National Symposium of the Optical Society of India, Calcutta

University, Calcutta, Jan. 30 to Feb. 1, 1997.

11. Laser Interferometer for Measuring Refractive Index of Transparent

Materials and Testing of Optical Components

R.P. Shukla

Proceedings of the Symposium on "Laser Applications in Material Science

and Industry" held at Indira Gandhi Centre for Atomic Research,

Kalpakkam, Allied Publishers Ltd. (1997), p.20

12. Spectroscopic Research using Indus-1

A. P. Roy in ypectooocopv - "PenApectiAzea. and ^ncntlenA, Edited by

A.P. Roy (Narosa, New Delhi, 1997), p.312-321
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13. Laser photoionisation spectroscopy of atoms and molecules (invited talk)

S.A. Ahmad

Proceedings of National Laser Symposium, PRL. Ahmedabad,

Dec. 10-12 (1997), page 9

14. Ion trap for laser spectroscopic studies of short-lived isotopes

Pushpa M. Rao, S.G. Nakhate, B.K. Ankush and S.A. Ahmad

ibid, page 100

15. Kinetics of vapour relaxation by laser absorption spectroscopy in a

pulsed hollow cathode discharge

A. Tak, G.K. Bhowmick, B.N. Jagatap and S.A. Ahmad

ibid, page 106

16. Design of a rf-quadrupole trap for precision laser spectroscopic studies

G.K. Bhowmick, K. Bandopadhyay, A.K. Sinha, Pushpa M. Rao and S. A. Ahmad

ibid, page 120

17. Studies on electronic to translational energy relaxation by laser

absorption spectroscopy in a pulsed hollow cathode discharge

B.N. Jagatap and S.A. Ahmad

29th European Group on Atomic Spectroscopy (EGAS) Conference, Berlin,

Germany, July 15-18 (1997)

REPORTS

1. The Design, Fabrication and Testing of an Air Spaced Fabry-Perot

Etalon for Dye Laser Wavelength

D.V. Udupa, S. Thakur and R.P. Shukla

Report, BARC/1997/E/023

BOOKS

1. ypectocuicop^ - Peoopectt/wea and PiaatlenA, Edited by A.P. Roy

(Narosa, New Delhi, 1997)
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TECHNICAL PHYSICS & PROTOTYPE ENGG. DIVISION

Major Achievements

1. Development of Precision DC & RF Power Sources and Weak Signal
Recovery Instruments

A 200A / 40 Volt, 30 ppm stability current regulator for FOTIA Project was fabricated,
tested and successfully operated in the system both manually and remotely via PC. One No.
Electrophoresis power supply ( 3000 Volts, 300 mA, 300 Watts) with Programmable reference
voltage via software was fabricated, tested and delivered to MB&AD, BARC.

Precision DC power supplies required for the electron gun and analyzer in the Auger
Electron Spectrometer have been fabricated, tested and being integrated with the system. The
assemblies for two Nos. of RF sources for the Inductively Coupled Plasma Mass Spectrometer
and the Atomic Emission Spectrometer at FRD, BARC respectively are completed and the dc
testing is over while the RF testing is in progress.

An advanced Synchronous Heterodyning type of Lock-In Amplifier has been developed
with a sensitivity of 10 nanovolts. The syncoherent filter, which forms the heart of the instrument,
is fully designed in house. One unit with a compact mother board design is also being developed
to detect sub microvolt signals in the Photo acoustic Spectrometer. A variable speed light chopper
with a provision to feed a reference signal to Lock-in and digital display of frequency is also
developed for use in a wide range of experiments.

2. Progress Relating to Vacuum Measurement and Control Instruments

Indigenously developed BA Gauge heads along with microprocessor based auto ranging
ion gauge control units for the measurement of vacuum in the range of 10"3 to 10"10 Torr was put
into regular production. A newly developed prototype unit with compact motherboard and
indigenous relays in a novel configuration has been successfully tested and a batch of 12 such
units has been taken up for production to meet various user demands.

Sputter Ion Pumps (SIP) with capacities ranging from 35 1/sec to 270 1/sec along with
their control units delivering 6.2 kV up to 750 mA are also put into batch production in view of
the large demand. A new SIP control unit delivering 6.2 kV with a short circuit current of 1A has
been successfully tested with 500 1/sec pump and is used with the Angle Resolved Photoelectron
Spectrometer chamber. SMPS based compact sputter ion pump control units for 35 I/sec and 70
1/sec capacity pumps have been developed.
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3. Work Related to Building Mass Spectrometers for Nuclear Materials
Analyses:

D/H type Mass Spectrometers:

Fabrication and assembly of Two D/H type isotopic ratio mass spectrometers was
completed and one has been made nearly ready for use at Heavy Water Plant, BARODA. This
instrument is undergoing extensive tests and its gas inlet system will be adapted to meet the user
needs.

Thermal Ionization Mass Spectrometer (TIMS - 3) for KARP:

Assembly of this Mass Spectrometer has been completed and the ion beam is seen. A
resolving power of 410, and a beam width of 0.45mm (for a source slit of 0.3mm) were obtained.
Recently developed software for data acquisition simultaneously from the five collectors has been
installed and tested using Neodymium sample isotopes for collecting the five isotope beams and
plotting their intensities. The abundance sensitivity of this instrument has been estimated to be
better than 25 ppm at mass position of 237amu. Evaluation of the precision of this equipment is
on hand using natural Uranium samples.

An auxiliary Degassing Vacuum System for outgassing the filament assemblies has been
built and tested. A timer controlled sample heater has been designed and made for reproducible
heating of the filaments during sample deposition.

Development of Inductively Coupled Plasma Source - Mass Spectrometer:

The pulse counting mode of detection for ion signals has been made operational. In the
initial phase, a count rate of 5000 to 10000 cps (counts per second) is obtained for Indium
samples at 1 ppm concentration while the best observed was in excess of 25000 cps. Over a
period of time this count rate feU down, due to reduction in the gain of the pulse counting
channeltron. This situation can only be improved by replacing the channeltron and further
measurements were conducted only in the analogue mode of ion current detection.

The indigenously developed concentric Nebulizer that is being currently used with the
inductively coupled plasma Mass Spectrometer development system has been evaluated and
characterized for its droplet size, distribution, and specific output. This was done with the help of
colleagues from the Environmental Assessment Division using their 'Quartz crystal Micro Balance
- Cascade Impactor' equipment. Our Nebulizer gave a narrow size distribution with an average
droplet size of 2.1 microns and a specific output of 18.82 microlitres of drops per litre of air;
which are quite suitable for use with the ICP-MS.

The alignment of the torchbox and the X-Y mount for the torch have been improved. The
pumping speed available for pumping the gases, after the sampling aperture in the interface region
has been augmented by enlarging the hole and by adding an additional first stage rotary vane
pump of speed 300 lpm.
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With the above improvements, a detection limit of 100 ppb (parts per billion) for Indium
samples is being obtained -more or less, routinely- in the analogue mode of detection. This
represents an order of magnitude improvement in the detection limit in the analogue mode.

Work is taken up on an alternative, short length ion optics for focusing the ions from the
skimmer on to the Quadrupole Mass Spectrometer. This assembly is studied and optimized using
the SEvflON software; this is fabricated and is being experimentally evaluated on a separate
system with an electron impact ion source.

4. Development of Data Systems for Analytical Instruments:

PC based data system using extended bus with interface cards for the control of
instrumental parameters was completed earlier and integrated with the thermal ionization mass
spectrometer under development for KARP, Kalpakam. A 32 bit Windows 95 operational
software using Delphi 2.0 has been completed now and is functional in the mass spectrometer.
Similar software has been completed for thermal ionization mass spectrometer supplied earlier to
AFFF, Tarapur, to upgrade its analytical capabilities.

Microcontroller based control and data acquisition with interface to a CAMAC system for
remote operation has been completed for Magnet Power Supply for FOTIA Project. Software for
the current control and data acquisition has also been completed. The system is currently
undergoing performance testing.

Data systems have been completed for D/H Mass Spectrometers for Heavy Water Plants,
Hazira and Baroda.

5. Progress of Crystal Growth Related Activities:

Growth and Characterization of B a B ^ (BBO) Crystal:

Resistance furnaces capable of reaching 1200 °C and having a vertical temperature
gradient of 30 °C/cm and thermal stability better than 0.01 °C were developed for the growth of
P-phase crystals by top seeded solution growth technique. The traversing mechanism for crystal
pulling fabricated was capable of yielding growth rates as low as 0>l mm/day. A number of solute
to flux ratios in the neighborhood of 80 : 20 (wt. %) were investigated to decide the starting
charge composition. The optimization of parameters for the growth of 25 mm dia. crystal was
carried out and crystals up to 5 mm thickness were successfully grown. The growth of a-phase
crystals by Czocharalski pulling technique was also studied. An investigation was undertaken to
study the reversibility of transition among the a and P phases of the crystals. The results show
that the growth rate of the P-phase nuclei as compared to that of the a-phase is very slow.
Thermoluminescence emission from undoped and sodium doped a and P-BBO crystals was
investigated which showed that sodium enters substitutionally in both the cases. The dielectric
behavior of the crystal above room temperature was investigated, which indicated structural
change in the lattice other than the a to P phase transition known in this crystal. Powder X-ray

419



diffraction from P-BBO was studied at different elevated temperatures to get more information on
the structural change observed. These measurements have shown a reversible structure change.
Thermogravimetric (TG) and differential thermal analysis (DTA) were performed on BBO
crystals of both the phases over the temperature range 50 - 1000 °C and under normal ambient.
The results show weight gain on heating and loss of weight when the crystal is brought back to
room temperature.

Growth of LiF Crystals by Gradient Freeze Technique:

In order to grow crystals of diameters higher than 50 mm, which are at present under
regular production by Bridgman technique, the suitability of gradient freeze technique for this
material was studied. From the optimized growth conditions already determined by us, a suitable
heater and hot zone geometry were developed which have enabled successful growth of 50 mm fy
crystals.

Development of PbWO4 (PWO) Scintillators:

The effect of stoichiometric deviations on the thermoluminescence properties of the
crystal was investigated. The presence of weak peak TL in both stoichiometric and non-
stoichiometric crystals is observed. For colorless crystals, only one TL glow peak at 170 °C is
recorded. A shift in the glow temperature towards lower temperature side is observed in the case
of non-stoichiometric crystals. This result has been shown to be used to detect minute
stoichiometric deviations in PWO for the first time.

Production of Alkali Halide and Alkaline Earth Fluoride Crystals:

A large number of 50 mm dia. crystals of different alkali halides and alkaline earth
fluorides were grown and optical windows were prepared for the infrared heavy water analyzers
used at MAPS, Kalpakkam, laser and photo-chemistry programs and spectroscopy work.
Suitability of BGO as the window material for infrared heavy water analyzer was also studied and
a few samples were supplied to the users for trial. BGO crystals were also supplied to DRDO for
ICT development work.

6. Developments Pertaining to Gas Sensors:

New heater elements for gas sensors have been developed to overcome problem of
increase in contact resistance of earlier silicon heaters. These heater elements use nichrome wire.
For making these heater elements and for bonding of heater to sensor/thermistor, a glass
containing PbO, B2O3, Al2Oi and SiO2 has been developed. This glass has better compatibility
with sensor fabrication process due to its lower working temperature (550°C). New heater
elements have been subjected to accelerated aging study by maintaining at higher temperature of
400°C for one month. No change in heater resistance was observed. Five F^S gas sensors with

improved heaters have been fabricated and installed for field testing at Heavy Water Plant,
Manuguru.
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Thin films of W03 semiconductor have been prepared by evaporation and sputtering are
found to show <lppm level sensitivity for NO2 and HNO3 vapour detection. Hydrogen gas
sensors based on WO3:Au and SnO2:Pt thin films have been further developed. With higher
doping level these films show linear conductivity response in the 0.5 to 4% range. Integration of
these sensors into complete device operable with 5 volt supply, is being carried out. To meet
safety requirements, temperature controller circuit for hydrogen gas sensors has been modified so
as to limit heater current to 150 mA. Flame arrestors made of sintered metal have been
incorporated on these sensors.

7. Work Relating to High Tc Superconductors:

A study on the kinetics of CuO phase formation under UHV conditions has been carried
out. Thin films of coppei oxide were prepared by evaporation of copper metal in the presence of
atomic oxygen at a substrate temperature of 55O°C. Kinetics of CuO phase formation was seen to
be quite slow and only 95% of copper was oxidized to CuO at atomic oxygen to copper flux ratio
of ~80. On the other hand nearly pure CiijO films could be grown by maintaining atomic oxygen
flux of 1.6 times the stoichiometric value. These results show that it is necessary to provide large
atomic oxygen flux for the in-situ growth of high Tc thin films by Molecular Beam Epitaxy.

Effect of silver addition on phase formation and superconducting properties of
pbo.5Sr2.5Yo.5Cao.jCu2°x (Pb-1212) and YBajCujOj (YBCO) was investigated. Addition of silver
was seen to aid in oxygenation and phase formation of both the materials. Superconducting Pb-
1212 phase was easily formed at atmospheric pressure on addition of 10% (by wt.) silver nitrate.
On the other hand this phase could not be formed at atmospheric pressure without addition of
silver. Studies on mechanism of silver doping effect showed that on addition of silver, diffusivity
of oxygen in YBCO lattice is reduced by an order of magnitude and diffusion activation energy is
increased. Magnetization measurements made on samples quenched from annealing temperature
of 850°C showed that silver stabilizes high Tc phase with increased oxygen content at the
processing temperatures.

8: Work Pertaining to Conventional Superconductors:

Magnetisation Anomaly in Superconductor CeRu2:

Detailed magnetisation measurements in the peak effect regime of a superconducting
single crystal of CeRu2 were carried out using Quantum Design SQUID Magnetic Property
Measurement System (MPMS). To understand the influence of magnetic field inhomogeneity, the
hysteresis loops were measured for different scan lengths. The results of our experiment clearly
demonstrated that some of the anomalous magnetisation results reported in literature such as
reversible magnetisation anomaly, are actually the result of the superconducting sample
experiencing field excursions and thus are artefacts due to the field inhomogeneity. We also
presented a model (based on Bean's critical state model) to simulate the effect of field
inhomogeneity on the measured magnetisation hysteresis loops. This model explains the measured
data extremely well.

421



Half-scan Technique for Measurement of Hysteresis Using SQUID Magnetometer:

To circumvent the problems caused by the field inhomogeneity, we presented a new
method, viz., half-scan technique, for measuring magnetisation hysteresis loops using QD MPMS.
The central idea of this technique is to record the sample response by moving it over that part of
the pickup coil array such that the sample does not experience field excursions. We used this
technique to measure magnetisation hysteresis loops in the peak effect regime of superconducting
CeRu2 and 2H-NbSe2. The magnetisation hysteresis obtained using half-scan technique is found
to be significantly larger than that obtained by conventional MPMS measurements. At very low
fields, where the extent of field inhomogeneity is not significant and in the reversible region, the
results of the half-scan technique are comparable to those obtained using conventional technique.
Moreover, hysteresis measurements are shown to be independent of scan length used in the
measurement, thus reaffirming that the results are unaffected by the field inhomogeneity.

Evidence for the History Dependence of the Critical Current Density:

Weak pinning superconductors such as CeRu2 and 2H-NbSe2, exhibit history dependent
critical currents. For example the critical current density Jc measured in field cooled (FC) state is
larger than that in the zero field cooled (ZFC) state. Using dc magnetisation hysteresis
measurements, we demonstrated that Je, depends on the thermo-magnetic history over a very
large part of (H, T) parameter space. The path dependence in Jc is absent above the peak
position (i.e., H > Hp) of the peak effect region, which we believe identifies the complete loss of
order in the vortex structure. The highly disordered FC state for fields below the peak (i.e., H <
Hp) of the peak effect region can be healed into a relatively ordered vortex lattice by subjecting it
to a large enough change in dc field (few tens of Oe) or by shaking the FC state with sufficient
ac field (few Oe). We have also proposed a small angle neutron scattering experiments at
Rutherford Appleton Laboratory to study the order of the vortex lattice in different thermo-
magnetic histories.

Hysteresis Loops for Thin Superconductor Films With Field-Dependent Critical Current
Density:

The problem of flux penetration in superconductor samples in the form of thin elliptic
cylinders and circular discs was considered. When the critical current density depends on the local
field the latter satisfies a nonlinear integral equation. We have obtained a numerical solution of the
integral equation and thereby determined the local field distribution. We have written a computer
program for obtaining the virgin and hysteresis curves. The program can be used for an arbitrary
model form of the critical current density. For illustration purpose we have used the exponential
and the Kim models for the critical current density. The magnetisation curves reproduce salient
features of experimentally observed magnetisation curves.

Electron-phonon Interaction and Superconductivity in Zr2Ni:

A Theoretical approach, based on McMilan-Hopfield formula, has been worked out for
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estimating the electron-phonon coupling constant X of the C16-structured Zr2Ni intermetallic,
whose electronic and phonic densities of states have been calculated separately. Using LDA-based
self-consistent LMTO electronic structure calculations on the one hand, and a semi-empirical
lattice dynamical calculation based on an n-body potential on the other, we have derived the site-
projected X's whose weighted average yields an estimate of the effective X for the compound
This Xtff has been used to calculate the heat capacity parameters and the superconducting
transition temperature Tc. The reasonably good agreement of our results with the heat capacity
data demonstrates the viability of our hybrid approach for C-16 structured transition metal
compounds. Work on isostructural Z^Fe is in progress. This work has been done in collaboration
with Solid State Physics Division and forms part of a Ph.D. Thesis completed by Shri Hemant
Salunke during the period of the report.

9. Electronic Structure Studies:

Ordering and Clustering Behaviour in Ni-Mo alloys:

Configurational thermodynamics of binary metallic alloys has been studied using free
energy models, viz., 'Static Concentration Wave' (SCW) and 'Cluster Variation Method' (CVM).
The basic input to these statistical mechanics based models, viz., the effective pair or cluster
interactions (EPI or ECI) have been calculated by us from first principles TB-LMTO method in
conjunction with (a) the 'inversion method' (IM) and (b) the 'augmented space recursion-orbital
peeling' (ASR-OP) technique. The former gives ECI's upto second n.n. pairs, and was
successfully used in our earlier study of Al-Li alloys especially to get the precipitation behaviour
of S'-Al3Li phase from disordered Al-Li alloys. The ASR-OP approach, on the other hand can
easily yield EPI's upto 4th n.n. pairs, and we have deployed it to study the ordering behaviour of
four competing fee based superstructures of Ni-Mo intermetallics viz. NitMo, M3M0, Ni2Mo and
Ni2Mo2. The instability domains w.r.t. concentration fluctuation, both short wavelength (ordering)
and long wavelength (clustering) have been identified from these calculations. This work has
been done in collaboration with Materials Science Division, BARC and Prof. A. Mookerjee's
group at S.N. Bose National Centre, Calcutta. It has also contributed to one Ph.D. Thesis by Dr.
Ashok Arya, completed during this period.

Surface- and Gas-Phase Clusters and Cluster-Cluster Reaction Barriers:

An Indo-US collaborative project entitled as above, involving Dr. G.P. Das (BARC) and
Dr. V. Kumar (IGCAR) from the Indian side and from the US side Prof. Puru Jena (Virginia
Commonwealth Univ.) and Dr. Mark Pederson (Naval Research Lab., Washington), has been
formally sanctioned during this period. The research grant is for three years. Under this project, it
is proposed to study the atomic, electronic and thermal properties of clusters using
computationally fast density functional methodologies of total energy calculations and determine
cluster-cluster reaction barriers. These are likely to lead to the development of some novel
cluster-assembled materials (CAM), and advance our understanding of catalysts, transition state
geometries, reaction pathways as well as making and breaking of bonds in reaction.
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10. Developments Relating to Glass and Ceramic Technology:

Development of Magnesium Alumino Silicate Glass Ceramic:

The development work on magnesium alumino silicate glass ceramic (machinable ceramic)
was carried out following a procedure involving controlled crystallization of a sintered compact.
The starting charge consisted of oxides of Si, Al, and B along with carbonates of K and Mg.
MgF2 in controlled amount was added as nucleating agent. Initially mixed and powdered charge
was calcined around 950 °C followed by pulverisation in planetary ball mill. The preforms( 25mm
<J> x 40mm length) prepared from this powder were sintered at 1250 °C for 0.5 hr to achieve non-
porous sample. This was then subjected to predetermined four heating and cooling cycles to grow
a large number of tinny crystallites. Progrssive improvement in crystallinty was verified by XRD
studies. The samples showed very smooth surface finish with few closed pores on direct
machining. Other metailographic and electrical characterisation are under way.

Synthesis of Lead Silicate Glass Powder For Compression Seals.

Studies were carried out regarding bloating process during calcination and glass melting.
Based on this study the synthesis scheduled was modified which enhanced the over all yield of the
glass powder considerably. A large number of glass to metal seals ( small level, big level sensors,
seven pin high pressure seals for HWPs, and high current feed throughs for NFC Hyderabad )
were fabricated and supplied to users.

Development of Packages for Hybrid Microcircuits (HMC Package):

Development of HMC package consisting of 22 and 44 pins glass to metal seals was under
taken for ISRO. These seals are fabricated on 20 mm X 32 mm and 32 mm X 32 mm kovar cups
of 1 mm wall thickness. The kovar pins ( 0.5 mm <j> X 8.6 mm length ) are arranged at a regular
interval of 2.54 mm ( centre to centre pin distance ) on 27.94 mm square for 44 pin and in the
case of 22 pin seals they are kept on two rows 15.3 mm apart along the length. Required beads (
1 2 mm <t> 2 mm length ) were made in house from kodial glass. Seals were fabricated following
controlled procedure involving chemical cleaning, hydrogen firing and glass melting by if
induction heating. The seals were tested for a leak rate of 3x10 10 std. cc / s. They are finally Ni
or Au plated to prevent the corrosion of the kovar parts. The packages have successfully gone
through vacuum leak, lead fatigue and insulation tests at site.

Production of Direct Reading Dosimeters:

Direct reading dosimeters (DRDs) developed for the measurement range of 0 - 300 mR
have largely met the technical requirements of the users ( NPCIL ). The batch production with in
house developed insulator material has been carried. These dosimeters show significantly low (~
1.5 % per day) leakage rate.
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Production of Glass to Metal Seals and Sealed off Devices:

Regular production of xenon flash lamps for laser programme, ionisation gauges for UHV
systems and 7 - pin glass to metal high pressure seals for HWPs was maintained. A new hollow
cathode lamp for lithium line ( 6707.8 A0 )has also been developed during this period.

11. Work Relating to Development of Detectors for Nuclear Experiments:

Work on the Silicon microstrip detectors was taken up in collboration with CEERI, Pilani,
Rajasthan, and some trial pieces on 2 inch silicon wafers were made. Their evaluation is on. 30
KeV ion implantation machine which was installed in feb 1996 has been functioning very well and
has been extensively used to carry out R & D work on silicon based detectors. Several devices
were developed and tested. Their performance has been satisfactory. Typically 25-30 keV energy
resolution was obtained for small area alpha particle detectors using 5.5. MeV Am241 Alphas.
Special geometry position sensitive detectors are also being developed using ion implantation
technique. These will be used by N.P.D. in Pelletron experiments.

Few BaF2 crystals were grown with various rare earth materials as dopants and have been
studied for thermoluminiscience and optical properties. Also our BaF2 crystals showed a timing
resolution of 420 psec.

12. Progress Related to Synchrotron & Surface Analytical Instruments:

Surface Analytical Spectrometers:

Scanning Auger Electron Spectrometer was fully assembled and tested in the point and
area analysis modes. Software to operate the spectrometer for signal detection and processing
was completed and interfaced with the personal computer. Resolution so far realized was 0.25
mm in the area analysis mode.

Fabrication of the major components of the Angle Resolved Photo-electron spectrometer
like the ultra high vacuum chamber, base flange, goniometer, angle resolving analyzers, angle
integrating analyzers, input lenses for the analyzers, support stand, heating mantle for baking have
been completed. Assembly of the goniometer on the base flange along with the driving motors and
feedthoughs has been done. A mechanism to raise and lower the base flange has been designed.
Various electronic units, consoles, LEED-AUGER analyzer, manipulator and ion gun for etching
have been procured. Work on the assembly of analyzer on the gonimeter and the vacuum system
is in progress. Software to operate the spectrometer has been partially completed. This
spectrometer will be integrated with the photo-electron beamline being set up at CAT, Indore to
utilize the Synchrotron radiation.

High Resolution Electron Optical System for the study and testing of electron/ion optical
components and also for the study of electron-molecule interactions is being fabricated.
Fabrication of the entire system consisting of base flange, intermediate collar and dished end top
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has been completed. Accessories and electronics required for the spectrometer are being
procured.

PGM Beamline for Photoabsorption Spectroscopy:

Design of the SX-700 type plane grating monochromator for use on the beamline for
photoabsorption spectroscopy studies on INDUS-1 was completed. The imaging characteristics
of monochromator were studied using the ray tracing program SHADOW. The monochromator
includes three optical elements: a long plane mirror, a plane grating and an ellipsoidal mirror. A
bending magnet (radius = 1 metre) type of synchrotron light source with the characteristics like
electron beam size of 274.9 x 72.2 um2, sagittal acceptance of ±1 mrad, and meridional
acceptance of ±0.11 mrad was used in the calculations. The image obtained in the meridional
focusing plane showed significant astigmatic coma aberration. The image characteristics were
improved by using an exit slit. The resolving power, E/AE assuming ideal optical elements at
396.712 eV, for which the design has been optimized, is 4856 and at 840 eV, it is 3613. In
collaboration with the Central Workshop engineering design and drawings were also completed.
Fabrication work has been taken up in the Central Workshop. Work on the designs of the mirror
chamber, the experimental chamber and the total vacuum system is in progress. The ellipsoidal
mirror is in the final stages of polishing at 11 A, Bangalore. Plans to set up a long trace
profilometer to calibrate the ellipsoidal mirror in collaboration with the IIA were initiated.

13. 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 instrument required for various DAE programmes and the
development, standardization and prototyping of ultra high vacuum components was continued.
Job shop help was given in manufacturing critical accelerator components.

Sub-systems of thermal ionization mass spectrometers for isotopic analysis of uranium and
lithium and inductively coupled plasma mass spectrometer were fabricated. Housing chambers for
high resolution electron optical spectrometer were fabricated. Goniometer assembly of ARPES
was linked with stepper motor drives through rotary motion feedthroughs. Analyzers of compact
helium leak detectors were made.

Various press tools required for fabrication of parts of triode sputter ion pumps were
designed and fabricated with an aim of speeding up production, standardization, interchangeability
and reduction in variety. Pumps of capacities 35 1/s- 12 nos., 270 1/s- 4 nos. and 500 1/s- 2 nos.
were fabricated and assembled. Upgradation of drawings for 35 1/s and 70 1/s pumps was carried
out. Assembly of various pumps was streamlined by procuring the recrystalised alumina ceramic
insulators from an indigenous source.

A batch of 4 nos. of titanium sublimation pumps was fabricated. Prototype manufacture
of number of bellows sealed right angle and gate valves used in various analytical instruments was
carried out. OFHC copper gaskets for variety of conflat flanges were supplied to different users
within and outside the division.
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Development work which involved standardization of welding parameters on newly
purchased pulsed TIG welder was carried out and number of delicate to weld components such as
glass-metal seals for nude gauge heads, ceramic metal seals for sputter ion pumps, stainless steel
and nickel bellows and foils without using conventional guard rings were welded with reliability
and ease. Using this machine, deep penetration welding of FBTR mixed carbide fuel pin to end
plug was tried successfully by RMD engineers. Welding of capsules for diaphragm bellows has
come out successful and the process is under standardization.

Specialised job shop service was provided by CNC machining and fabrication of
sophisticated components required by other users. This includes titanium foil holding plate
assembly for 500 kV electron beam accelerator and 750 mm radius x 90° deflection magnet
chamber for exit stage of Folded Tandem Ion Accelerator. Electrode assemblies of imported
sputter ion pumps used by IGCAR, Kalpakam and HWP, Kota and Vadodara were reconditioned.
Leaky bellows assembly of beam isolation valve used in Varian Mat-62 mass spectrometer at
PREFRE, Tarapur was replaced by an equivalent version. Rectification of leak in a similar
assembly used in a VG-354 mass spectrometer at KDM Institute of Petroleum Exploration, Dehra
Dun was carried out.
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Sabharwal, Paper presented at 11th National seminar of ISSG on recent advances in
industrial glass blowing, July 1997, IICT, Hyderabad.

15. Gas sensor development at BARC by A.K. Debnath, V.R. Katti, S.C. Gadkari, K.P. Muthe,
S.C. Sabharwal and V.C. Sahni, Proc. SPDE, Dec. 96 meeting on smart materials, structures
and MEMS (In Press)

16. Effect of silver doping on diffusivity of oxygen in YBajCUjO,, single crystals D. K. Aswal, J.
C. Vyas, S. K. Gupta and V. C. Sahni, Proc. SSP Symp. 40C (1997) 293.

17. Superconducting properties of Ag/Pb0 5Sr2 5Y0 jCa,, JCUJO composite by D. K. Aswal, K. P.
Muthe, Shashwati Sen and S. K. Gupta, Proc. SSP Symp. 40C (1997) 294.

18. Gas monitors based on semiconductor thin films, S. C. Gadkari, A. K. Debnath, V. R. Katti,
S. K. Gupta, and V. C. Sahni, Proc. SSP Symp. 40C (1997) 457.

19. W03:Au thin films for hydrogen sensing applications, S. C. Gadkari, V. R. Katti, A. K.
Debnath and V. C. Sahni, Proc. SSP Symp. 40C (1997) 458.
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20. Synthesis and characterisation of lead silicate glass, V K Shrikhande, T Mirza, B B Sawant,
G P Kothiyal, S C Sabharwal, K P Muthe, P V Ravindran and V C Sahni, Eighth Annual
Meeting of MRSI (BARC, Feb. 10 -12, 1997) C-29.

21. Preparation of arsenic chalcogenide glass windows for infra red applications, S M Shafi, P A,
Wagh, A K Sangiri, A K Sinha, V K Shrikhande, G P Kothiyal and S C Sabharwal, Paper
presented at 1 lth National seminar of ISSG on recent advances in industrial glass blowing,
July 1997, nCT, Hyderabad.

22. Development of ion implanted position sensitive detector R. Prasad, D. Sahoo and R.V.
Srikantiah, DAE Symposium on Nuclear Physics vol 40 B (1997) 418

23. Study of BaF2 crystals for timing spectroscopy G.V.S.G. Acharyulu, B.S. Tomar and R.V.
Srikantiah, DAE Symposium on Nuclear Physics vol 40 B (1997) 444

24. Performance of ion implanted twin detector, D. Sahoo, R. Prasad and R.V. Srikantiah, DAE
symposium on Nuclear Physics vol 40 B (1997) 446

25. Characteristics of ion implanted P+-n resistivity silicon device, D. Sahoo, DAE Symposium on
Solid State Physics Vol 40 B (1997)

26. Electronic structure of rare earth silicides: Role of vacancies", B.R. Sahu, A. Arya, G.P. Das
and P.V. Panat, Proc. SSP Symp. (India) 40C, 112 (1997).

27. Ab initio molecular dynamics study of Magnesium doped Sodium clusters (Na,,Mg,
n=l,10), Ajeeta Dhavale, D.G. Kanhere, C. Majumder and G.P. Das, Proc. SSP Symp.
(India) 40C, 102(1997).

28. Microstructural Engineering and Computational Materials Science, S. Banerjee, A. Arya,
and G.P. Das, Proceedings of the HM Annual Technical Meeting, held at at Jamshedpur
(1997).

29. Ab initio electronic structure of solids, Tutorial lecture given in the DAE Solid State
Physics Symposium at Cochin University (December 1997).

30. Electronic structure and superconductivity in Zr-based transition metal intermetallics, H.G.
Salunke, Thesis presentation delivered in the DAE Solid State Physics Symposium at
Cochin University (December 1997).

31. Role of electronic structure computation in materials science, G.P. Das, Invited lectures
given for the Refresher's course at Pune Univ. (August 1997).

32. Role of electronic structure computation in materials science, G.P. Das, Seminar given in
IACS, Calcutta (May 1997).

33. Ab initio molecular dynamics of bimetallic clusters, G.P. Das, CMP Seminar at Institute of
Physics, Bhubaneswar, (February, 1997).

34. Peak Effect study in NbSe2 using DC magnetisation, P.K Mishra et al, Proc. SSP Symp.
40C (1997) 319.

35. Effect of surface barrier on magnetisation relaxation and low field hysteresis in 2H- NbSe2
single crystal, P.K. Mishra, G. Ravikumar, T.V.C.Rao, V.C. Sahni, A.K. Grover, S.
Ramakrishnan, S.S. Banerjee, N.G. Patil, S. Bhattacharya and M.J. Higgins., Proc. SSP
Symp. 40C (1997) 318.

36. Magnetisation behaviour in peak effect regime of 2H-NbSe2(Fe) for different
thermomagnetic histories, G. Ravikumar, V.C. Sahni, P.K. Mishra, T.V. Chandrasekhar Rao,
A.K. Grover, S.S. Banerjee, S. Ramakrishnan, M.J. Higgins and S. Bhattacharya., Proc. SSP
Symp. 40C (1997) 322.

37. Evidence for loss of order in the Flux line lattice of 2H-NbSe2 in the peak effect region : A
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uSR study, TV. Chandrasekhar, P.K. Mishra, G. Ravikumar, V.C. Sahni, S.S. Banerjee,
N.G. Patil, S. Ramakrishnan, A.K. Grover, M.J. Higgins, S. Bhattacharya, C.V. Tomy, G.
Balakrishan and D. Mack Paul., Proc. SSP Symp. 40C (1997) 321.

38. Investigation of Noise and Harmonics in AC Magnetisation Experiments Across the Flux
Line Lattice Melting Region, S.S. Banerjee, N.G. Patil, S. Ramakrishnan, A.K. Grover, S.
Bhattacharya, G. Ravikumar, P.K. Mishra, T.V.C. Rao, V.C. Sahni, M.J. Higgins, E.
Yamamoto, Y. Haga, M. Hedo, Y. Inada, Y. Onuki., Proc. SSP Symp. 40C (1997) 51.

39. Disorder and thermomagnetic history effects in a weakly pinned vortex lattice, S.S. Banerjee,
N.G. Patil, S. Sana, S. Ramakrishnan, A.K. Grover, S. Bhattacharya, G. Ravikumar, P.K.
Mishra, T.V.C. Rao, V.C. Sahni, C.V. Tomy, G. Balakrishnan, D. Mck. Paul, and M.J.
Higgins., Proc. SSP Symp. 40C (1997) 52.

40. Nature of Metal Insulator Transition in GMR Sample Lao.3 Cao.2, Mnoj, S.K.Kulshreshtha, V.
Sudarsan, S.S. Gupta, H.G. Salunke and V.C. Sahni, Proc. SSP Symp. 40C (1997) 143.

41. Magnetic Characteristics of Fe3+ Substituted Na Zeolite-A, R. Vijayalakshmi, S.K.
Kulshreshtha, H.G. Salunke and V.C. Sahni, Proc. SSP Symp. 40C (1997) 148.

42. Effect of Magnetic Field on the Lock-in Transition in CuO, TV. C. Rao, SB. Ota and V.C.
Sahni, Proc. SSP Symp. 40C (1997) 161.

43. AX. and D.C. Magnetisation Studies of Peak effect in YNi2B2C, D. Pal, Shampa Sarkar,
S.S. Banerjee, S. Ramakrishnan, A.K. Grover, S. Bhattacharya, G. Ravikumar, P.K. Mishra,
T.V.C. Rao, V.C. Sahni, Proc. SSP Symp. 40C (1997) 310.
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TECHNICAL SERVICES DIVISION

Major Achievements

1. Important Projects

Technical Services Division continued to handle all the assignments pertaining to
electrical and mechanical systems for various projects such as CCCM Hyderabad,
Inpatient facility at BARG Hospital, Nuclear information centre, AFD expansion,
MASCOT.POTON, etc. TSD completed the VIII plan project of upgradation of
electrical and mechanical utilities comprising of introduction of 750 TR water
chilling machine at Central Airconditioning Plant (CAP), modernisation of electrical
substations , upgradation of services in important facilities in BARC.

Salient features of some of the projects are given below :

The metal free clean laboratory, the first of its kind in our country was successfully
commissioned and made operational at National Centre for Compositional
Characterisation of Materials at Hyderabad. The laboratory was tested under 'clean
room at rest* as well as in 'operating condition*. The cleanliness levels achieved are
far better than the design intent. Special nonmetallic filtration system was the main
feature incorporated in the design of air conditioning system for this laboratory.

The inpatient facility at BARC Hospital is also commissioned and put to use. For
the air conditioning system of special nursing barrier ward, the concept of energy
recovery using passive heat transfer device like heat pipe is being introduced.
Prototype testing of single element has been completed and actual field trials are
under progress.

The capacity of CAP was enhanced by introducing a 750 TR centrifugal water
chilling machine under vm plan. The machine is successfully commissioned and
is under operation.

Electrical distribution network was comprehensively upgraded at various
substations in BARC. This work has been planned to be carried out phasewise
under VIII & IX plans. All works planned under VIII plan are successfully
completed.

2. Energy conservation

One no. 1100 TR machine at CAP which was earlier renovated continued to give
energy efficient performance. Power factor improvement with the installation of
capacity banks, installation of new energy efficient illumination system and optimal
operation of substation equipments and air conditioning plants were continued for
further consolidating the energy conservation gains. Regular preventive
maintenance has resulted in power saving. The energy conservation measures of
administrative nature were scrupulously followed to live with the constraints of
revenue crunch.

3. O&M of utility network

TSD continued to provide O&M services for various infrastructural utilities
comprising electrical power, air-conditioning, ventilation, water supply, steam
(boiler), lifts, D.G. sets etc., for uninterrupted performance throughout the year and
especially during important occasions.
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TECHNOLGY TRANSFER & COLLABORATION DIVISION

Major Achievements

Technology transfer.

The following technologies have been transferred successfully by
BARC.

1. Pectin Production from food industry waste (citrus peel) to
M/s Techno-India Agro Extraction Ltd., Pune, through NRDC.

2. Radmon Micro to M/s Nucleonix Systems , Hyderabad.

3. Beam Therapy Oosemeter to M/s Nucleonix Systems, Hyderabad.

4. Coolant Channel Cutting Machine to NPCIL.

The letters for offer of technology on Foldable Solar Dryer and
Glass to Metal Seals have been sent to the interested parties.

To facilitate technology transfer, efforts are being made to set
up a Centre for Product Engineering and Technology Transfer
(CPETT) under IX plan.

MoUs.

An MoU was signed between BARC and M/s Isotech Irradiators Pvt.
Ltd., Mumbai for setting up a commercial food irradiator. The
following MoUs are under consideration .

1. With SAMEER to set up an Inudstrial Interface Installation at
Navi Mumbai campus of SAMEER for (a) 3 MeV/30KW DC Electron
Accelerator & (b) 10 MeV/10 KW RF Electron Accelerator (LINAC).

2. With Deptt. of Ocean Development (DOD) to develop a flow
sheet for Solvent Extraction of Ni & Co from ocean nodules,

3. With Anthropological Survey of India, Nagpur For DNA poly-
morphism in Indian Population.

High-Tech Products and Services.

BARC provided high-tech services and products to various firms as
follows .

\. Radiographic testing of reconditioned hydrogen compressor
head cover plate for M/s IPCL.

2. Gamma Scanning and radiography testing of columns and
strainers for M/s Reliance Industries.

3. Gamma Scanning of Distillation Tower for M/s HPCL.
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<*. Refilling of X-ray and Gamma ray Proportional counter for
University of Rajasthan.

5. Supply of 500 Thorium Oxide Buttons to M/s GEC, USA

6. Supply of 500 TLD badges to Jordan through IAEA.

7. Consultancy for the use of Virtual Reality System to Indian
Railways

8. Calibration for therapy level & protection level instruments
to Srilanka.

9. Crushing & Grinding of Columbite and Tentanite for NFC

10. Line of site survey to set up a radio telemetered seismic
network for Tarapur site.

11. Various Analytical Chemistry Services to different companies.

12. Supply of ANUGAMI-S Cards to many countries through IAEA.

Public Awareness/Exhibitions.

1. An Exhibition of high-tech products on the occasion of PM's
visit to BARC was organised.

2. An exhibition highlighting technologies which can be trans-
ferred, was organised during DAE - CII Business Meet.

3. BARC also participated in the following exhibitions:
a) Convention cum Educational Exhibition on "Atom in the

service of a man" at Kottayam & Tuticorin
b) Convention cum Exhibition on R & D India - 1997 at

Calcutta
c) Exhibition to celebrate "50th Anniversary of India's

Independence" at Maharshi Dayanand College of Arts,
Science & Commerce, Mumbai.

d) Exhibition at Hinduja Hospital, Mumbai.

4. Web page for BARC was conceptualised and implemented.

5. An International Seminar on The Role of Nuclear Energy for
Sustainable Development was organised during September 1997 in
New Delhi.

6. Conducted tours of BARC Campus with an initial briefing
and screening of a short film on BARC, were organised on a weekly
basis for professionals and post graduate students.

7. A number of programmes on Doordarshan were presented based
on the work of BARC Scientists and Engineers.
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8. Collaborative programmes were conducted with Science Insti-
tutions in Mumbai on National Science Day.

International Relations.

Under Indo-German Bilateral Agreement, efforts were made to
provide thrusts to projects having technology development as
major component. Three such projects are being initiated due to
these efforts. A few new projects are being initiated under-
Integrated Long Term Programme (ILTP) of co-operation with
Russia. Efforts are being made to initiate projects under Indo-
Belarus programme on S & T and also under INCG-DC with European
Union.

Publications

1. "Motor-Rotor Monitoring System Based on DSP Techniques" by
A.M. Patankar, A.K. Bayala, M.Y. Dixit, RIK Moorthy, & M.V.
Pillai, SANAI-97, BARC, Mumbai, Feb. 97.

2. "Spoken Word Recognition Based Stepper Motor Controller" by
A.M. Patankar, K.R. Gopalkrishnan, A.K. Bayala & V. Madhavi,
Ibid.

3. "Text Editing and Access Management (TEAM) System for Blind"
by A.M. Patankar, S.Padmini, A.K. Bayala & K.R. Gopalkrishnan,
Ibid.

4. "Qualification of Liquid Poison Injection System for 500 MWe
PHWRs" by S.Nawathe, M.K. Sapra, M.K. Nema & L.R. Mohan, Workshop
on Reactor Shut down Systems, IGCAR, Kalpakkam, March 97.

5. "Regional Cooperation for Future-India Perspective", by A.K.
Anand, S.Gangadharan and R.B. Grover, Int. Conference on Future
Nuclear Systems, Yokohama, Japan, Oct. 1997.

6. "Tribological Performance of Molybdenum Disulphide Films" by
A.K. Kohli & Braham Prakash, Int. Conf. on Industrial Tribology,
Calcutta Dec. 97 .

7. "Conceputal design of High Pressure - High Temp Water Tribom-
eter" by A.K. Kohli, P.K. Limaye & R.G. Agarwal, Ibid.

8. "A New Approach to Puncture Resistance of Shipping Casks" by
V.M. Chavan, A.K. Kohli, R.G. Agarwal & Rajesh Chandra, PATRAM 98

9. "Two-phase natural circulation residual heat removel" by J.S.
Jayakumar & R.B. Grover, NHMTC - 97, IIT, Kanpur.Dec. 97.

10. "Steady-state performance analysis of OTSGs" by Joe Mohan,
R.B. Grover, & V.H. Arakeri, Ibid.
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THEORETICAL PHYSICS DIVISION

Major Achievements

A. REACTOR PHYSICS

1. Study of Anomalous Power Observed in MOX Fuel Assembly of TAPS
In TAPS, few MOX fuel assemblies have been loaded in the recent
fuel cycles. The power of the MOX fuel assemblies as deduced
from TIP readings were found to be significantly higher
(sometimes 25%) than those calculated by the BWR core simulator
COMETG. The reasons for the large difference were studied.

The C, J factors used to analyse TIP readings were re-
evaluated. It was found that the changed values of these
factors could increase the powere of MOX bundle by 7% only. It
was further observed that the computer code COMETG does not
take account of difference in fission energy of Pu-239 isotopes
vis-a-vis U-235. This can result in increasing the power of
MOX bundle by approximately 5%. The above mentioned reasons
though reduced the difference between the two predictions did
not completely explain the reasons for the difference.

2. Analysis of Boiling Hater Reactor Benchmark
A few set of benchmarks involving a typical advanced boiling
water reactor pin cell configuration was provided to see the
effects of moderator and fuel properties on the eignevalue.
The benchmark involved the calculation of changes in reactivity
with change of temperature and void in the system. A number of
enrichments, temperatures, void states and burnup points in the
cycle are considered in this benchmark. These cases have been
analysed with the computer code LWRBOX using WIMS 69-group
library and the results have been compared with those obtained
with Monte Carlo code MCNP using the continuous energy cross
sections derived from ENDF/B-VI release 3 set.

3. IAEA CRP on Reference Input Parameter Library
The progress on the IAEA Coordinated Research Program on
"Development of Reference Input Parameter Library for Nuclear
Model Calculations of Nuclear Data" was continued.
Contributions are made in the segment "Optical Model
parameters" of this CRP in collaboration with Dr. P.G. Young of
Los Alamos National Laboratory, USA. A comprehensive format is
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finalized in which all the commonly employed Optical Potentials
used for data evaluation can be parameterized and by extensive
literature survey, an exhaustive and state-of-the-art data base
of optical model potentials for neutrons, protons, deuterons,
tritons, He-3 and alpha particles has been created which is
being published by IAEA in the form of a handbook for ready
reference to the users. In order to provide a basis for
parameter recommendations, cross sections for various nuclides
of interest in the entire mass region are calculated employing
some of the widely used global optical potentials for neutron
at energies ranging from 1 to 150 MeV and are compared with the
recent experimental data taken from NNDC and EXFOR.

4. Updating of WBfS Library
A systematic validation of 69 group WIMS cross section library
by selectively updating from various sources like, NEA
databank, KAERI data and data from Dr. Trkov, Slovenia was
carried out. A more reliable data library for principal
moderator nuclides (H,D,Be,C) and high actinides (Th,U,Pu,Am, Cm
isotopes), is now available for power reactor design
calculations. Checking of the data of explicit fission product
nuclides is in progress.

5. Th-U Data
Data for 232Th and 233U isotopes were generated using ENDF/B-6
and JENDL-3.2 point data files using NJOY code by Dr.Jung, Kim,
KAERI, Korea and provided to us on request. They were tested
against BNL uniform lattice experiments for Th-233U lattices
and were found to be satisfactory.

6. Thorium Utilization Studies
An attractive thorium breeder reactor concept was proposed for
induction of thorium in a major way in an otherwise enriched
uranium reactor. This concept was evolved from simple physics
based guidelines. D2O moderator helps to maximise reactivity
for a given enrichment. A relatively higher flux level
compared to LWRs offers the advantage of higher rate of 2 3 3U
production in thoria rods. Thus fresh thoria clusters consider
no feed enrichment. In an equilibrium core, a full batch of
pure thoria clusters are loaded during each fuel cycle. They
undergo irradiation for about one year duration. By this time
they accumulate about 1% of 233U, if they face a flux level of
about 2X1014 n/cm2/sec. In the next fuel cycle, .these thoria
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rods in ring cluster form are juxtaposed with the fresh
enriched fuel rods, also in ring cluster form. Such integrated
fuel assemblies are then irradiated for four or five fuel
cycles, at the end of whichNU as we],l as Th rods attain a
reasonably high burnup of 30-35 MWD/kg. '

7. 500 MWe PHWR
The core follow up and simulation code TRIVENI was extensively
modified to simulate explicit xenon and rhodium dynamics as
well as control transients with Reactor Regulating System
feedbacks. This version was employed to simulate in detail a
step back transient in which the xenon override was effected by
initial sequential withdrawal of adjuster banks and
reinsertion later when xenon loads equilibriated.

The core over power protection system (COPPS) of the 500 MWe
reactor will employ incore self power neutron detectors
(SPNDs). The grouping and channelisation of these safety
detectors were finalised by analysing nearly 200 static core
configuration and many transient simulations.

The initial core loading of the reactor was finalised with
twelve thorium oxide bundles in strategic locations inside 8
central channels, within the constraints of zonal power
distribution and the reactivity worths of shutdown and control
devices.

Two types of LOCA analysis were done in three dimensions to
assess the grouping of channels into two different core flow
circuits. It was shown that half core LOCA leads to larger
number of fuel bundles crosing the central line melting
temperatue limits compared to alternate channels grouped into a
flow circuit. Using the space-time kinetics code 3DFAST, a
number of loss of regulation transients were analysed. A space
time kinetics model was supplied to NPC for the Reactor
Regulating System Simulator, which can simulate movements of
various reactivity devices based on control algorithms.

An On-line Flux Mapping System (OFMS) software has been
developed to obtain a 3D flux map from the incore SPND flux
measurements. To validate the OFMS software a series of
experiments were performed in CIRUS using copper wire
activation in five different configurations of adjusters.
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8. Accelerator Driven Sub Critical Systems
The accelerator driven subcritical reactor, or the energy
amplifier (EA), proposed by Carlo Rubia, has evoked
considerable interest in recent years. The scheme proposes to
use Th as the main fuel and promises to burn actinides and
long lived fission products, and produce power with a high
degree of inherent safety and at a reasonable cost. However,
the accelerator current requirement (10-15 mA) are still one
order of magnitude over the best achieved so far and schemes
for reducing this requirement are of interest. We have
proposed one such scheme in which there is a central booster
region having a higher fissile enrichment (K > 1) than the
main reactor region which surrounds it. Such an arrangement
can give very high neutron multiplication while maintaining the
required degree of subcriticality if there is a one way
coupling between the two regions. Two practical ways of
achieving such a coupling are introduction of a sufficiently
large gap between the two (fast) systems or having an inner
fast system driving an outer thermal system with a thermal
absorber and a gap in between them.

Both these schemes give a neutron multiplication about four to
five times larger than in the Energy Amplifier scheme described
by Carlo Rubia and it should be possible to get a power of 750
MW (t) with a 1 Gev proton beam current of as low as 1 mA.
While the fast-fast arrangement gives too high a power peaking
in the inner region and thereby too low a specific power for
economic operation, it appears that the fast-thermal
arrangement could have power densities and specific powers
typical of fast and (D2 0 moderated) thermal reactors
rspectively.

9. Delayed Neutron Effects ;
A comparative analysis of reactivity (isotopic and total) and
corresponding uncertainties in reactivity arising from
uncertainty in absolute delayed neutron (DN) yield was
performed using the period-reactivity relation and the
calculated values of effective delayed neutron fraction. Two
zero-power reactor cores were investigated: Zebra (fast) and
Dimple (thermal) . Computations were made for DN yield
evaluations of Keepin, Tomlinson, Tuttle (1975), Tuttle (1979)
and selected measurements for representative reactor periods of
20s, 100s and 300s.
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and selected measurements for representative reactor periods of
20s, 100s and 300s.

10. IAEA CRP on WIMS Library Update
The IAEA WIMS Library Update Project to produce a quality
assured WIMS nuclear data library for thermal reactor
applications was formulated as a Co-ordinated Research
Programme (CRP), of the IAEA. India chaired the IAEA
consultants meeting to formulate for CRP at Ljubljana, Slovenia
during Dec.3-5, 1997. India provided expert services on fusion
nuclear data at the PENDL-2 meeting held in Vienna during March
1997 and contributed to the electronic compilation of fusion
neutronic benchmarks for integral data validation studies.

11. Multilayer slab geometry and legendre expansion method:
Using Legendre polynomial expansion method eigenvalues for a
three layer slab geometry were computed. Cases have been
studies when the cross-sections of the middle layer are
changed.

12. List of Publications during 1997
1. "Expression to compute the Epstein-Hubbell Generalized

Elliptic-type Integrals", R. Hem Prabha and R.D.S. Yadav,
Transactions of American Nuclear society Meeting (June 1-5,
1997) .

2. "On the Reciprocity-like Relations in Linear Neutron Transport
Theory", R.S. Modak and D.C. Sahni, Annals of Nuclear Energy,
24, 1271, 1997.

3. "Accelerator Driven Sub-Critical System with Enhanced Neutron
Multiplication", S.B. Degwekar, S.V. Lawande and S.S. Kapoor
(1997) , Paper presented at the IAEA Technical Committee Meeting
on Feasibility and Motivation for Hybrid Concepts for Nuclear
Energy Generation and Transmutation, Madrid, Spain, Sept.17-19.
Full length paper submitted to Ann. Nucl. Energy.

4. "Progress on Nuclear Data Acitivities in India for the Period
April 1995 to January 1997", S. Ganesan (Compiler),
BARC/1995/E/003(1997).
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5. "Influence of energy dependence of dilution cross section on
self shielding in the resolved resonance region", V.
Gopalakrishnan and S. Ganesan, Accepted for publication in
Annals of Nuclear Energy(1997).

6. "The current status of IAEA compilation of fusion benchmarks
for nuclear data validation studies", S. Ganesan and U.V.
Mpellendorff, Paper presented at the IAEA Advisory Group
Meeting on "Extension and Improvement of the FENDL Library for
Fusion Applications (FENDL-2)", IAEA Headquarters, Vienna, 3 to
7 March 1997.

7. "Current status of WIMS Library Update Project", S. Ganesan,
Presented at the IAEA Consultants Meeting, Ljubljana, Dec.3-5,
1997. :

8. "Optical Model Potentials and Prediction of Neutron Cross
Sections for Thorium", Ashok Kumar, S. Kailas and S. Ganesan,
DAE Symposium on Nuclear Physics 40B, 254(1997).

9. "Lattice Calculations for Thorium Fuel Cluster in KAIGA", P.D.
Krishnani, Note No. ThPD/498, 1997.

10. "Explanation of the Anomalous Power Peak observed in MOX Fuel
Assembly of TAPS", P. D. Krishnani, Note No. Th.P.D/493, 1997.

11. "Assessment of Some optical Model Potentials in Predicting
Neutron Cross Sections", Ashok Kumar, P. C. Young and M. B.
Chadwick, Report LA-UR-97-0289 (1997).

12. "Effects on voids resulting from power raising by control rod
movement in TAPS reactor", by V.N. Chaudhary & S.G. Vaidya,
Note no. ThPD/492 June 1997.

13. "Reactor Regulating System Feedback Options in TRIVENI", T. N.
Sandhya and H. D. Purandare, Note No. PHWR500/PHY/63, June
9, 1997.

14. "An Exact Solution for a Non Extending Dead Time Problem in
Passive Neutron Assay", S.B. Degwekar, Ann. Nucl. Energy
(submitted).
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15. "Perturbation in Power Distribution Due to Perturbation of
Plutonium Content in Certain Pins of MOX Fuel Assembly", P. D.
Krishnani, Note No. ThPD/496/1997

16. "Analysis of Boiling Water Reactor Benchmark", P. D.
Krishnani, Note No ThPD/498/1977

17. "Computations of Anisotropic flux escape and transmission
probabilities for cylindrical annular regions", R.Hem Prabha
and R.D.S. Yadav, Ann. Nucl. Energy. Vol.24, No.4, p 315-
324(1997).

18. B.P.Dubey, V.Jagannathan, S.K.Kataria, Quick and Reliable
Estimation of Power Distribution in a PHWR by ANN, accepted
for publication in Annals of Nuclear Energy,

19. P. D. Krishnani, "Explanation of the Anomalous Power Peak
observed in MOX Fuel Assembly of TAPS", Note No. Th.P.D/493,
1997.

20. "Effects on yOjids resulting from power raising by control rod
movement in TAPS reactor", by V.N. Chaudhary & S.G. Vaidya,
Note no. ThPD/492 June 1997.
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B. THEORETICAL PHYSICS

1. Quantum Optics and Geometric Phases
The main activities during the year were: (i) study of non-
linear optical processes in a cavity, (ii) proposal of vortex
states for quantized radiation field, (iii) proposal of how to
generate macroscopic superposition of atomic states, viz., the
so-called atomic cat states, {iii) construction of the general
theory of atomic statistics in the micromaser. The work
mentioned in (ii) and (iii) has been carried out collaboration
with the theory group of the Physical Research Laboratory,
Ahmedabad whereas the work mentioned in (iv) was carried out
collaboration with the theory group of UMIST, Manchester, UK.

1.1 In our previous work, we have shown that the study of non-
linear optical processes in a cavity can provide a useful means
of revealing the quantum and non-linear nature of the atom-
field interaction. We showed that the coherent superposition of
the dressed states brought about by the relaxation mechanism
like atomic collisions plays an important part in bringing out
the true signatures of those effects in the process of four-
wave mixing by two-level atoms inside a single-mode cavity. We
have now investigated the effects of another experimentally
important mechanism, namely, the phase fluctuations in the
driving field, on the signatures of those effects. We have also
investigated the quantum effects in a higher order optical
process namely the process of six-wave mixing by two-level
atoms in a single-mode cavity.

1.2 A new state of a two-mode quantized field which exhibits the
vortex type singularity in the phase space has been proposed.
That state exhibits several interesting non-classical
properties. A method of generating those states has also been
proposed.

1.3 A method of generating macroscopic superposition of atomic
states called as the atomic cat states, in cavity QED is
proposed. Such states are of interest in understanding some
fundamental aspects of quantum mechanics.

1.4 The properties of the micromaser can be studied experimentally
by monitoring the states of the outcoming atoms as the cavity
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field is too weak to be measured. Yet not much work exists on
the study of the atomic statistics. We have developed a system-
atic theory for the statistics and correlations of the atoms
exiting the cavity in the micromaser. The atomic statistics can
be studied either by collecting a fixed number of atoms or by
collecting the atoms for a fixed duration of time. The corre-
sponding density matrices of the cavity are known to be same in
the respective asymptotic limits. However, we find important
differences in the atomic statistics in the said two limits. We
also find that the atomic statistical properties exhibit quali-
tatively different dependence on the rate of pumping in the
presence of thermal photons as compared with that at zero
temperature.

2. Nonlinear Dynamics, Quantum Chaos and Statistical Mechanics
2.1 Motivated by our earlier work on the theory of dynamical

systems and quantum chaos, a precise connection between quantum
chaos, random matrix theory, and statistical mechanics was
established. Without thermal reservoir, with this novel
alternative scheme, the momentum distribution function for
ideal gases (for distinguishable and indistinguishable
particles, and, in three and two dimensions) were found.
Furthermore, the second law of thermodynamics was obtained
within the same framework.

Chaos prevails in single and many-particle systems but the role
that it plays in many-body quantum systems has not been clear.
A systematic semiclassical theory of Fermionic systems was
developed where the susceptibility was written explicitly in
terms of measures of chaos (like Kolmogorov-Sinai entropy), and
also the periodic orbits of the underlying classical system.

For the many-body finite Fermi systems (e.g., nuclei and
metallic clusters), we have obtained analytical expressions
relating the response function and the geometric phase picked
up by a single-particle as it moves in a deforming mean-field.
For the first time, in many-body finite quantum systems,
dissipation is shown to originate at a basic level.
Experimental results on heavy-ion nuclear reactions have been
explained, for a long time on the hypothesis of friction in the
nuclear fluid.
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2.2 The work on semiclassics of symmetry reduction was completed
and it was shown that the orbits contributing to a symmetry
reduced part of the spectrum are not necessarily parts of
periodic orbits in case of continuous symmetry.

The viability of the quasi-classical quantization scheme, using
arbitrary non-periodic trajectories, proposed by us earlier
has been tested further on other marginally unstable systems
and certain chaotic systems. Besides, the method can now detect
high lying states especially in systems where periodic orbit
quantization has been largely unsuccessful.

Spectral measures have been the focus of current interest amongst
researchers worldwide and it is now believed that the quantum
density-density correlation is determined by the spectrum of
the classical evolution operator. We have examined the
fallouts of this and shown that that there exist different
quantum systems with widely varying spectral fluctuations while
having the same classical dynamics. This also answers some of
the long standing questions in the field of polygonal
billiards.

3. ICF and Plasma Physics
The mechanism of generating magnetic field in a cold
collisionless plasma by inverse Faraday effect was investigated
in detail. Possibility of formation of solitons in a hot
dusty plasma was studied and some new features like compressive
and rarefactive solitons were identified.

4. Condensed Matter Physics:
Density-functional based, ab-initio Car-Parrinello molecular
dynamics simulations have been carried out to study a variety
of physical systems, viz., clusters, aqueous solutions, and
solid-state compounds. The local density approximation has
been augmented by generalised gradient corrections. The
computational facilities used for this work range from an IBM
590 to a supercomputer CRAY-T3D.

The geometry of neutral and charged water clusters containing
between one and five water molecules and a Na atom were
obtained, and their hydration energies and ionisation
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potentials calculated. The results are in excellent agreement
with earlier quantum-chemical studies as well as with experi-
ment .
The structure and dynamics of the hydration shell of water
molecules around a K+ ion were simulated for the first time
using ab-initio techniques, within a large simulation cell of
12.5 A and 59 water molecules. The geometrical structure of
the first solvation shell and the ion-water pair-correlation
function are in very good agreement with experiment.

An unusual H20: H2 clathrate compound were simulated using the
variable-cell approach, upto pressures of a few hundred
kilobars, through a phase transition from cubic to tetragonal
phase. The results are in agreement with X-ray synchrotron
-diffraction experiments. The behaviour at higher pressures is
being investigated.

The Car-Parrinello schemes at both constant volume and constant
pressure are currently being implemented on the Dec-Alpha
computers available at B.A.R.C..

5. Theoretical Astrophysics
5.1 Gamma ray bursts

The problem of relativistic blast wave formation associated
with Gamma Ray Bursts was analysed. It was shown that the
existing ideas may break down because, it is unlikely that a
collisionless shock is produced at all. In view of the
extremely weak magnetic field of the interstellar medium (~3 x
10"6G), however, assuming that a relativistic shock is indeed
produced, the shock dynamics and some of the physics of GRBs
was studied. It was found that the duration of the events
would be one order higher than what has been accepted so far.
It was also shown that the reverse shock plays a negligible
role in this problem.

5.2 General relativistic virial theorem
The concept of "global integrals of motion" was analysed for
an isolated spherical body in General Theory of Relativity: In
this case although there is no global inertial frame close to
the body, there indeed exists such a frame for an observer
(S) situated at infinite spatial distance. With respect to S,
the space time associated with the isolated body appears to be
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Galilean. And in the background of this Galilean Space time,
Arnold-Liouville1s Theorem was invoked. This theorem states
that in a problem involving n degrees of freedom (dof) there
could be at the most n functionally independent integrals of
motion. It was further shown that for a perfectly spherical
situation, the effective number of degrees of freedom for the
body reduces to only three. The corresponding three function-
ally independent integrals of motion could be M, the gravita-
tional mass of the body, P, the linear momentum and L, the
angular momentum of the body. In this problem one can conceive
of another basic integral of motion which comprises the global
contribution of the invariant trace of the energy momentum
tensor. The application of Liouville's theorem then shows that
the latter constant of motion is nothing but the gravitational
mass of the body. It was found that the mass of a body essen-
tially comprises of the stress of the energy momentum tensor.
Finally, through such a reasoning a general relativistic virial
teorem was derived.

5.3 Origin of Gev gamma rays from Wolf-Rayet stars
A good correlation was found between the positions of Wolf-
Rayet stars and the so-called unidentified EGRET sources, which
are basically sources of GeV gamma rays. A model was
formulated which shows that the termination shocks associated
with the Wolf-Rayet winds may accelerate particle to TeV range
thereby producing GeV-TeV gamma rays. This particular work was
carried out in collaboration with Dr. R.K. Kaul of NRL, BARC.

6. Work on Phonetic Code Project
6.1 The principles of a comprehensive on-line population management

based on Phonetic Identification code, were evolved. The
concepts of two new abstract entities: "Watch-Dog Index" and
"National Service Index" were evolved and methodologies were
worked out.

6.2 The mathematical structure of the sixteen volumes of Phonetic
Code Books, including the self-checking formulation,
information on various digits, and organisation of tables etc.
were written in detail.

6.3 For the identification of auxiliary radiation workers, a
phonetic formula based on anthropological studies of physical
features was evolved with the collaboration of Radiation
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Standards & Instrumentation Division.

6.4 For the identification of regular radiation workers in India, a
self-checking 14-digit decimal formula with coded
representation of place-zone, institution category, birth date,
and sex was devised with the collaboration of Radiation
Standards & Instrumentation Division.
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C: MATHEMATICAL PHYSICS SECTION :
1. Neutron Transport: Theory
1.1 Much work was carried out on the Green's function method for

solving one-speed transport problems in spherical geometry.
This method yields a representation for the angular flux as a
superposition of eigen solutions of the transport equation.
These eigen solutions resemble the conventional spherical
hormonics expansion solutions (Pn method) of the transport
equation. The number of associated eigenvalues extends over the
continuum (-1,1) and a finite number of discrete values. The
expansion coefficients are same as those that represent the
total flux in the form of exponential functions and can be
obtained by solving some singular integral equations.

It is known that the conventional spherical harmonics method
fails to treat exterior problems in spherical geometry. In fact
the method blows up suddenly if we increase the order of the
expansion for obtaining better accuracy. Our present study
throws some light on this peculiar feature. It is noted that
the major contribution to higher order spherical harmonics
moments comes from a very narrow part of the continuum of
eigensolutions, those with eigenvalues close to l. As we
increase the order of the expansion, this interval of eigen
values narrows down much faster than the increase in the number
of discrete eigenvalues of the Pn method.

1.2 Work is continuing on the determination of radiation dose
received by shut-off and control rods of 235 MWe PHWRs in their
parked position. This is with a view to find out the coolant
requirements of these rods if any. The problem is being
investigated by using 2 dimensional Sn Code for solving the
linear transport equation.

1.3 Work has been started on estimating the failure probabilities
in a through-wall-cracked pipe. Monte Carlo simulations were
used to predict the failure probabilities as a function of
applied loads.

2. Condensation of liquid metal on a substrate:
Dropwise condensation of metal vapour into liquid on a hot
substrate features in many important technological processes
like heat transfer at high temperature, vapour phase metal
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purification etc. Experimental work in this area is in pro-
gress at Laser & Plasma Technology Division (L&TPD) with
proposed applications to isotope separation using lasers. Some
aspects of condensation, growth and coalescence of drops on a
substrate were studied via simple computer simulation methods.
There are three regimes during droplet growth: (i) an initial
regime where the growth is mainly due to direct vapour deposi-
tion, (ii) an intermediate regime where coalescence between
drops significantly increase the growth rate and (iii) the
final regime where a drop runs down the substrate, sweeping all
other drops on its path, due to gravity. Emergence of the
first two regimes was demonstrated by simulations.

3. List of Publications
3.1 "On the reciprocity-like relations in neutron transport

theory", R. S. Modak and D. C.Sahni - Ann. Nucl. Energy 24.
1271 (1997)
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and N. G. Sjostrand - Ann. Nucl. Energy, 2A, 1157 (1997)

3.3 "Time Eigenvalues for One-Speed neutrons in Reflected Spheres",
D. C. Sahni and N. G. Sjostrand (accepted) - Trans. Theory
and Statis. Phys. (1997), Also presented in 15nth Internaional
conference on Transport Theory, Gothenburg, Sweden, June 1-7,
(1997).

3.4 "Vesicle to micelle transitions in surfactant mixtures induced
by sheer", E. Mendes and S. V. G. Menon, Chemical Physics
Letts. 275. 477 (1997).
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TRAINING & MANAGEMENT SERVICES DIVISION

Major Achievements

Human Resource Development

As part of our HRD efforts, a number of Training Courses, seminars, symposia
and workshops were conducted by BARC.

The Graduation Function of 40th Batch of BARC Training School was held on
September 1, 1997. Dr. Jamshed J. Bhabha, well known industrialist, educationist and
connoisseur of art, was the Chief Guest. A total of 109 trainees in 10 disciplines
completed the 40th Training course. In addition, 17 M.Tech. Graduates completed the
6th orientation Programme. With a view to facilitate the wide participation of National
Talents for the 41st batch, written tests were conducted at 15 centres all over India.
From the inception of the Atomic Energy Training School, so far 6096 scientists and
engineers have successfully passed through the Training programme.

As part of promotion of BARC-Industry interaction in hi-tech area, one week
refresher course in "Finite Element Methods" for designers in industry was successfully
conducted with participants from several private industries benefitting. A one week
programme on "Nuclear Technology" was devised & conducted for Tata Consulting
Engineers (TCE).

Two batches of the R1A training Course were held. Forty eight participants
including doctors, paramedical staff, university sponsored and some IAEA fellows
attended this course. Four batches of RT-2 level were conducted to train 120
radiography professionals. In addition to this, during the period October 1996-December
1997, training programmes in different divisions of BARC were conducted for 17
International Atomic Energy Agency (IAEA) fellows. The participants were from Korea,
Myanmar, Zambia, Malaysia, Uganda, Ethiopia, Bangladesh, Sri Lanka, Iraq and
Uzbekistan. These training programme for IAEA fellows was co-ordinated and certificates
were presented on completion of their training. The training period was spread over two
months to twelve months depending upon the nature of training programme. The feed
back received from the participants indicate that the training was very useful.

Various training courses in radiation safety, handling and transport of radioactive
materials, emergency preparedness and industrial hygiene were conducted for private as
well as departmental candidates. Training and technical guidance was provided to M.Sc.
and Ph.D. students of Mangalore University under BARC-MU MoU.

16 foreign students are undergoing training for DRM/DMRIT courses. 3 fellows
underwent training during the year under the auspices of IAEA. 4 medical doctors and
technologists availed of specialised training in Nuclear Medicine and Technology.
Lectures and demonstrations were arranged for students of DRP course, Biomedical
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Engineering, and RIA training course for batches of 15-20 students in each discipline.

An information scientist from Uzbekistan was trained in the Library'1 on various
aspects of IMS record preparation and database creation techniques under the aegis of
IAEA.

Many specialised training courses were conducted by different divisions of
BARC like, Radiography Testing Courses Level 2&3 for M/s. Regional Training Centre,
Mumbai and M/s. Hindustan Shipyard Ltd., Vishakhapatnam; Course on Radiation &
Safety Aspects for M/s. RIL; Training in Desalination techniques for M/s. L & T.

A number of National and International seminars and symposia were organised at
the Multipurpose Hall in the Training School Hostel and Guest House at Anushaktinagar.
Excellent boarding & lodging facilities were provided for the visiting Scientists and
participants.

Projects Monitoring & Management Services

A projects monitoring cell is in place for monitoring of all the IX plan projects of
BARC. This will function as a monitoring body by reviewing the projects periodically and
reporting to f C on the progress and shortcomings of the projects, thus facilitating timely
action/decision by TC.

Continuing projects/schemes of BARC spilled over to DC Plan under R&D (42
projects), I&M (8 projects) and Power (5 projects) sectors were reviewed. The progress
(both physical & financial) of all these projects was presented in TC meetings for final
review. As per the decision of TC, 35 projects will be closed by end of March 98 and 10
projects will be allowed to continue during 1998-99 and 10 projects will continue beyond
1998-99.

A comprehensive database of information relevant to all the New projects of IX
Plan are created and is being updated on a continuous basis.. This database facilitates easy
and quick retrieval of information and help in preparation of MIS reports for decision
making by the management.

Annual Action Plan of BARC for the year 1997 was prepared and submitted to
DAE on the basis of the envisaged DC Plan proposals and other continuing schemes with
identified milestones of major activities and probable date of achieving them. Technical
inputs on various activities of BARC were prepared and submitted for DAE Annual
Report, Consultative Committee Meetings etc.

Technical Co-ordination and assistance was provided to the National Co-ordinator
for the IAEA-RCA Programmes.
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A consolidated manpower retirement profile of BARC is being prepared for the
next 5 years i.e. 1998-2002. This will facilitate in taking advance action for timely
recruitment of personnel against vacancies created by retirements. In this connection, the
required information/inputs regarding retiring personnel is being sought from the Divisions
and the database is being updated using the inputs received from Divisions. This will
enable to prepare and finalise the recruitment strategy for the next few years or so.
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URANIUM EXTRACTION DIVISION

Major Achievements

1.0 APPLIED RESEARCH & ENGINEERING DEVELOPMENT
Technological research on synthesis of Di2ethyl hexyl phosphoric acid
(D2EHPA) was continued at the BARC pilot plant. With the keen interest of
Heavy Water Board to absorb this technology an all glass pilot plant set-up for
synthesis of Di2ethyl hexyl phosphoric acid (D2EHPA) was installed,
commissioned successfully at HWP, Talcher. Trial runs gave the overall yield of
Di2ethyl hexyl phosphoric acid (D2EHPA) greater than 95% with purity of
diester content more than 95% and a mono ester content less than 1%. With this
the first phase of the technology transfer for the synthesis of D2EHPA to Heavy
Water Board has been successfully completed.

Work on the design of the equipment for the pilot plant studies on the synthesis
technologies for 2ethyl hexyl phosphonic acid mono 2ethyl hexyl ester, tri butyl
phosphate and tri octyl phosphine oxide has been undertaken.

2.0 PLAN PROJECTS
(a) Setting up of Augmented Uranium Metal Plant (AUMP):

In the 1st phase of capacity augmentation, sanction for augmentation of metal
reduction operation for the production of U metal (MTR) obtained on March
1995. Construction of building is in advanced stage. All major equipment
received at site.

(b) Production and processing of uranium compounds - upgradation of technology :
Sanction for augmentation of production facilities of uranium compounds like
UQz and UF4 was obtained in April 1997. Detailed engineering of rotary tubular
furnaces for oxide reduction and hydrofluorination was completed. Equipment
layout, ventilation and architectural planning are in progress. The project is
progressing commensurate with the financial estimate.

3.0 OPERATING PLANT (SERVICES)
Production of nuclear grade uranium metal ingots for research reactor DHRUVA
and CIRUS was continued.
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PUBLICATIONS
1. Chemical processing of low grade wolframite

K.U. Nair and O.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.

2. 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
During the production of uranium tetrafluoride aqueous hydrofluoric acid is

generated as by-product. Earlier aqueous HF was consumed by IRE, Thorium Plant,
Trombay. Recently after changing their process-flow-sheet, aqueous HF was being
stock-piled in the plant creating a storage problem. After completion of long technical
and administrative procedure, a sale deed for 3000 tits, of by-product aqueous
hydrofluoric acid has been cleared. Revenue earned is in the range of Rs. 1,00,000/-.
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WASTE MANAGEMENT OPERATIONS GROUP

Major Achievements

Waste Management Facilities located at Trombay, Tarapur and Rajasthan were operated throughout
the year without any undue incident. Collection, treatment and disposal of radioactive liquid and solid
waste and services like decontamination of protective wears and valuable metal parts from reactors
were continued. Discharge of radioactive effluents to sea and radiation exposure to the operating
personnel were restricted to minimum. There was no violation of technical specifications and no major
injury to the radiation workers. Details of activities are as follows:

1.0 OPERATION OF WASTE MANAGEMENT FACILITIES

Waste Management Facility, Trombay, processed a total of 1 lakh 4 thousand M3 of liquid effluents
in Effluent Treatment Plant and 1.2 M3 of Alpha bearing liquid effluents in the Alpha Treatment
Facility. The discharge of activity to the environment was restricted to 8.0 % for beta-gamma, 4.6 %
for alpha and 2.0 % for tritium activity of the annual authorised limits set by AERB. About 640 M3 of
solid waste was collected and disposed off safely in engineered trenches. A total of 155 MT of
protective wears were processed in the decontamination centre and 766 nos. of fuel assemblies
weighing about 19.5 MT were processed at heavy equipment decontamination wing of the facility
during the report period.
Waste Management Facility, Tarapur, handled about 200 M3 of liquid effluents at low level liquid
waste treatment plant (LWTP) and 94.0 % of activity removal was achieved. Discharge of beta-gamma
activity from LWTP, Tarapur to the environment was restricted to 7.0 % of the annual authorised limit
Similarly Rad Waste Augmentation Plant (TRAP) treated about 24,000 M3 of liquid waste received
from TAPS. Activity removal achieved was 91.0 % . A total of 478 M3 of solid waste was received
and disposed safely in near surface disposal facilities. 50 MT of protective wears were processed for
reuse. Treatment of intermediate level liquid waste from PREFRE was continued using indigenously
developed Resorcinol-Formaldehyde (RF) resin. During the report period, about 100 M3 of
intermediate level liquid waste was processed and the activity removal was 98 % .
Modification work and general data logging was continued in HL cell to monitor various parameters of
the tanks. Vitrification operations for immobilisation of highlevel waste from PREFRE were carried
out as and when required.
Effluent Management Unit, Rajasthan, caters essentially to the requirement of radioactive waste
management for RAPS 1 & 2 and RAPPCOF(BRIT). About 24,400 M3 of liquid effluents were
handled and 16,400 M3 of these liquid effluents with 3.6% of authorised limit for tritium and 0.4 %
for beta-gamma activity were released to the lake. Remaining liquid effluents of about 8,000 M3

was transferred to Solar Evaporation Facility for further concentration.A total of 335 M3 of
radioactive solid waste was collected and disposed in engineered systems as per standard practices.

2.0 SPECIAL CAMPAIGNS

At Trombay, old alpha treatment facility was decommissioned and a new facility has been fabricated,
installed and commissioned. All the backlog of liquid alpha waste has been processed in the new
facility. As a special campaign 8 Nos. of old ion-exchange columns and associated pipings were
dismantled and disposed off as solid waste. The area after decontamination is being used for
installation of organic waste treatment facility. At Rajasthan, one inner and one outer flow tube of
zircalloy, removed from RAPS #2, showing high activity and contact dose were received and disposed
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off safely during the report period. Twelve SS absorber rods removed from RAPS #2 reactor core
containing very high cobalt activity and radiation field were safely disposed in tile hole.

3.0 RESEARCH & DEVELOPMENT

At Trombay, studies were conducted on the management of contaminated oils froijL CIRUS reactor. A
process based on mixing of contaminated oils with kerosene in specific proportion followed by
incineration was standardised in the laboratory. Studies have also been initiated in the laboratory for
disposal of toxic wastes. Work has been taken up in collaboration with Regional Research Laboratory,
Bhubaneshwar under BRNS project to investigate the effect of flocculating agents on settling
characteristics of radioactive sludges being encountered in waste management plants and at UCIL.
Studies on remediation measures to evaluate and improve upon the structural integrity of waste
disposal/storage facilities were initiated in co-ordination with Central Building Research Institute,
Roorkee.
At Repository Project Section, Trombay, siting programme for a geological repository in Rajasthan

area and Bundelkhand area were continued. The host rock characterisation programme to characterize
charnockite rock was continued. Central Mining Research Institute, Roorkee developed a preliminary
conceptual design of an Underground Research Laboratory (URL) based on the parametric data
generated by investigations on charnockiate rock mass at Kokilimedu and Kalpakkam. The design is
being modified and refined based on thermo-mechanical data received from National Institute of Rock
Mechanics (NIRM).
Under performance evaluation of near surface radioactive waste disposal facilities, detailed
performance analysis of SWMF Site, Kaiga was completed. The methodology for analytical modelling
of near surface waste disposal facilities was documented. Available data on geotechnical,
hydrogeological and radiological parameters used for safety assessment of near surface disposal
facilities for SWMF Sites at Tarapur, Kakrapar, Kota, Kaiga and Trombay has been compiled.
Modeling of radionuclide migration through fractures has been completed and the same with
dispersion avection is being carried out.
Geochemical studies involving major element analysis and determination of parameters like cation
exchange capacity (CEC) and distribution coefficient(Kd) etc. of rock and soil samples from candidate
sites and various near surface waste disposal facilities were completed. Drilling operations were
carried out in and around waste disposal facilities at Trombay, Kota and Tarapur for monitoring
purpose. Detailed lithological examination of the cores was carried out at site and relevant reports were
prepared.
At Tarapur, long term leaching of vitrified waste products made from actual and secondary
condensate waste was carried out at 70 ° C using distilled water as leachant. Long term leaching of
vitrified waste products under simulated repository conditions was continued for the last 8 years.
Chemical durability tests on cement blocks made from ordinary portland cement (OPC) and slag based
cement (SBC) using WTF-5, PREFRE waste were continued. Studies for conditioning of alkaline
radioactive wastes, vitrification of sludge and work related to formation kinetics of strontium ruthenite
were carried out. Experimental studies were carried out to assess the foaming behavior of glass melt
with varying concentration of Uranium. Experimental studies were also carried out on the feasibility of
fixation of asbestos blended Ammonium molybdo phosphate (AMP) in glass.

Soil and rock samples received from different disposal sites were characterised for distribution
coefficient (Kd). The radionuclides selected for study are Sr85790, Cs137 amongst fission products and
Am241 amongst actinides.
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4.0 MAINTENANCE AND MAJOR MODIFICATION

At Trombay, one RCC vault with CS lining was constructed to house tanks for storage of organic
waste.Work is in progress for installation of fire hydrant pipe at solid waste managent site.
Construction work of one RC trench with four compartments was completed for disposal of solid
waste.
At Tarapur, in liquid waste treatment plant , one air dryer column was installed in the supply fan
room nd relevant pipe lines were fabricated and connected to the system. In WIP, modified filter
assembly for the window oil air vent was fabricated and installed for west and south windows of HL
cells. Maintenance work related to master slave manipulator in HL cell area was completed. In SWMF,
construction work of RCC trenches was completed.

5.0 INSTRUMENTATION

At WIP, Trombay, instrumentation & control scheme for the data acquisition & control system
was given to ECIL for developing the software system. Mimic design was completed for the control
room and the layout for control room was finalised. Piping works were finalised after consultation with
engineers/contractors and process engineers of WMPD. The inverters for the remaining two furnaces
were installed at site and job was carried out in coordination with RCnD and WMPD.
At WMF, Trombay, upgradation of the incinerator instrumentation and instrumentation connected

with the organic waste incinerator is in progress. Procurement action for analytical instruments
required for quality control of liquid effluents was initiated.
In Ceramic Melter Experimental Facility, the process instrumentation system designed for the joule
melter pilot plant was tested and the necessary changes were incorporated during operation of the
plant. The power supply for various heating systems in the plant were tested and commissioned. A
standby power supply was provided to maintain the glass temperature in conducting region, in case the
main electrode power supply failed for longer periods. Development of a sequential control circuit was
taken up which was required to control the operation of' Air Pulsed Pump ' developed by PE&SDD.
80 channel Data Acquisition & Display System for monitoring of various process parameters like
level, flow, pressure and temerature was installed and commissioned.
At WIP, Kalpakkam, specifications of various instruments were prepared after finalising the data
sheets with design engineers of WMPD and the procurement action was initiated.
At AFR, Tarapur, the process instrumentation work was completed and the test reports were

prepared. Procurement action for the Health Physics laboratory counting & monitoring instruments is
in progress.

6.0 SERVICES

In the field of Air Cleaning Services, development of incell and out cell off-gas filters for WIP,
Trombay based on certain change in design considerations with respect to remote handling has been
taken up. Design of a respirator filter canister to provide protection against radioactive particulates and
vapours like radio-iodine was developed based on laboratory evaluation of assembled prototypes. A
technical report on development of prefilter based on lead exchanged molecular sieves was prepared
and forwarded to NPCIL for review and adoption in engineered safety features (ESF) of nuclear power
plants. This filter, shall avoid fire hazard due to decay heat in activated charcoal adsorber iodine filter..
An indigenously developed unit of 'A fixed bed adsorber with replaceable adsorbent ', was
evaluated for its packing and filtration characteristics in a test rig, specially designed and put up for the
purpose. This unit will avoid frequent replacement of the iodine filters due to aging and poisoning.
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A vendor has been developed in co-ordination with NPCIL for regular assembly of standard
1700M3/hr iodine filters. Services of assembly, testing and supply of Combined Particulate and Iodine
Filters to nuclear power stations were continued. During the year 80 Nos. of such filters assembled in
house as well as by developed vendor were supplied to various units of DAE. Other filters like stack
sampling cartridges, particulate respirator filter canisters, special glove box filters, sampling filter
media were also supplied to DAE units based on requisitions. Insitu testing services of HEPA and
Iodine filter installations of various DAE facilities were continued to be provided based on
requisitions.

7.0 INTERNATIONAL COOPERATION

As a part of international cooperation in the field of waste management, studies have ben taken up on
the following IAEA coordinated research programmes (CRP).
1. ' Performance Evaluation of HLW Forms Under Repository Conditions'. Shri Kanwar Raj
attended the 4 m meeting on above IAEA, CRP in France during April 1997 as chief scientific
investigator and presented the report on Indian studies on 'Long Term Evaluation of Vitrified Waste
Product Under Repository Conditions'. The final report on the above work has been prepared.
2. "The Extrapolation of Short time Observation to Time Period for Isolation of Long Lived
Radioactive Wastes'. The leaching of glass matrix, corrosion of stainless steel & carbon steel and
thermo mechanical behaviour of host repository rocks were being studied in the laboratory for
generation of data base for extrapolation of observed results.
3. ' Long Term Behaviour of Low & Intermediate Llevel Packages Under Repository Conditions'.
Shri M.S. Kumra participated in the first meeting of CRP as chief investigator, in Moscow during 24-
28, November 1997.
4. ' Improving Long Term Assessment Methodologies for Near Surface Waste Disposal Facilities
(ISAM)1. Shri P.K.Narayan, participated in the first meeting in Vienna during 23-28, November 1997.
5. Shri Mahesh Chander from WMD is a member of a CRP titled 'Decommissioning Techniques For
Research Reactors' and attended the meeting in India during 16-20, February 1997.

Paper titled 'Waste Package Inspection System in India1 was presented by Shri N.K.Bansal, in IAEA
consultants meeting in Vienna on ' Inspection Procedures and Requirement for Waste Packages at
Near Surface Disposal Facilities' during 21-25, April 1997.

8.0 PUBLICATIONS/SYMPOSIUM

1. ' Role of Earth Sciences in the Isolation of Radioactive Wastes' by Shri A. V. Kulkami and Shri
R.K.Mathur, presented at the 'National Seminar on Role of Earth Sciences in Environmental
Management' Calcutta during 22-25, February 1997.
2. 'Petrographical and Petrological Studies on Charnockite Rocks formed under High Pressure-High
Temperature Environment' by Shri V. Arumugam, Shri R.K.Mathur, Shri K.B.Lal and Shri Jaleel
Ahmed - paper presented at 'IV National Conference on High Pressure Science and Technology,
IGCAR, Kalpakkam during November 1997.
3. 'Study of Sorption/Desorption Behaviour of Fission Products & Actinides with Soil & Rock

Formation of a few Radioactive Waste Disposal Sites in India1 by Shri C.P.Koushik et. al. at 6 th
International Conference on Radioactive Waste Management & Environmental Remediation (ICEM)
Singapore during 12-16, October 1997.
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REACTOR PHYSICS DESIGN SECTION

Major Achievements

1. The problem of high leakage of neutrons from the core of AHWR has been tackled
by using pyrocarbon as a scattering medium filling the empty spaces in the core. This
has solved the reactivity problem. It is now being examined by other groups that deal
with material properties and heat removal.

2. Locations in the PHWR are being identified for placing thorium bundles in such a
fashion that both the power distribution and shut down system worths are not adversely
affected.

3. The design of a critical facility for giving experimental reactor physics support to the
physics design analysis of AHWR is being worked out. The lattice for this facility has
been finalised. Shut down rod locations are now being finalised.

4. International interest in thorium fuel cycles has been recently awakened by the realisation
that the production of long-lived actinides in the thorium cycle is startlingly lower than in
the uranium cycle. This aspect of thorium cycles is now being studies in RPDS, in
addition to the one of superior fuel utilisation, which had always been the incentive for
thorium cycles.

PUBLICATIONS

1. Validation of the 69 group WIMS library, RPDS/FC/2, 1996.

2. Experiments in the AHWR critical facility, R and D on thorium fuel cycles. Technical
report no : 28, 1996.

3. Redistribution of the shut-off rod locations of PSS and SSS of the 220 MW(e)
standardised PHWR, Workshop on Nuclear Reactor Shutdown Systems, IGCAR,
Kalpakkam, March 4-6, 1997.

4. The role of thorium in nuclear power, Invited talk at the XHth ISAS National
Symposium on Analytical Techniques for Safety and Sufficiency of Natural Resources/
Products (INSAT-97), Kottayam, Feb. 20-22, 1997.
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5. IAEA benchmark for thorium-plutonium lattice in light water reactor (LWR),
R and D on thorium fuel cycles, Technical report no: 29, 1997.

6. The Indian perspective on thorium fuel cycles, IAEA-AGM on thorium fuel cycle
perspectives, Vienna, April 16-18, 1997.

7. Thorium as fuel of the future, GLOBAL'97-International Conference on Future
Nuclear Systems, Yokohama, Oct. 5-10, 1997.

8. Indian strategy for future power reactors, ibid.

9. Thorium utilisation in thermal reactors, Ph.D. Thesis. Submitted to the University of
Bombay in fulfillment of Ph.D. degree in 1997.

10. IAEA benchmark for thorium-plutonium lattice in light water reactor (LWR), R and
D on thorium fuel cycles, Technical report no: 28, IAEA Contract No: 8855/R0,
Reference: 302-I3-IND-8855, 1997.

11. Thorium utilisation in heavy water reactors, Paper presented at the Nineth International
Conference on Emerging Nuclear Energy Systems, ICENES'98, held at Herzlia, Israel,
during June 29 - July 2, 1998.
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SPENT FUEL HANDLING SECTION

Major Achievements

The activity of SFHS can be broadly categorized into (1) R & D efforts, (2) Projects,
and (3) follow up and assistance to the Working Plants for Spent Fuel Handling System
(SFHS), Head, End Treatment (HET), Material Handling System (MHS), Remote
Handling System (RHS) and Process Sampling System (PSS) of Fuel Reprocessing
Programme and (4) Other assignments.

Following are the major achievements:

1. R & D Efforts

1.1. During cold Head End Commissioning of KARP, it was observed the spent fuel
pushing, clamping and chopping were not proper.

1.1.1 Pushing:

1.1.1.1 Automated Charging Facility : Since Automated Charging Facility (ACF)
received from the suppliers as per their design was not operating satisfactorily it
was decided to send the same to the suppliers in consultation with the Purchase
department for getting it modified for trouble free operation for manual, semi
automatic and fully automatic moods.. It was also decided to resort to Manual
operation for further cold/hot chopping till the ACF is modified/commissioned to
our satisfaction.

1.1.1.2 Conical end piece for the semicircular liner : During cold commissioning
trials, it was observed that the fuel pieces getting chopped were entering into the
crevices in between the semicircular liner and its rectangular housing. To
prevent this a conical piece, tappering from 128 mm dia (of the semicircular
liner) to 95 mm dia at all the three sides but for the bottom with a vertical plate
at the end was designed, got fabricated at FRD W/shop and installed.

1.1.1.3 Torque setting for the fuel pusher : Arrangements were made for finding the
minimum torque required for moving the empty fuel pusher and for pushing 10
PHWR bundles. Accordingly, required torque rating was set at the torque limiter
for long and trouble free service of the fuel pusher.

1.1.2 Spent Fuel Chopping : Contour of clamping counter blades of Aux. and Main
gag for pre and final clamping were modified to semicircular shape from
rectangular to reduce/prevent crimping noticed during the cold commissioning
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trials. And the positions of step by step backward positions were suitably
advanced (corresponding to 95 mm dia opening at the conical piece). Suitable
chamfers were provided at the entrance faces of the Aux. and Main gags for
guiding the fuel being pushed.

1.1.3 Chopping : Contour of the cutting blade was changed to semicircular shape for
cutting the fuel with no/reduced crimping. The blade is projecting beyond the
blade holder for better chopping and for preventing collection of chopped pieces
inside the crevices. Corresponding recess was made in the adjoining upper guide
beam for smooth functioning of Blade Holder. Chopping was quite good
without any appreciable crimping. Spare counter and shear blades were
procured and provided. Spare Hydraulic cylinder for Blade Holder was in
advanced stage of fabrication at CWS, BARC. Arrangements were being made
for procurement of materials for Hydraulic Cylinders, shear and counter blades.

1.2 ACF : The suppliers have modified their designs and made arrangements for
procuring the approved components/equipments for trouble free pushing and
retracing of charging cask liner and fuel pusher in manual, semi auto and auto
modes. As soon as the ACF system is inspected, tested, installed and
commissioned, it can be utilised for regular charging operations for increasing
the output.

U Indexing Charging Arrangement : The Lead accounting for the same was
worked out after weighing the cask and cleared. The locking mechanism for
this cask at the charging was corrected and working satisfactorily.
Arrangements were being made for procuring S.S. bearings required for the
under water applications. Cost for the same was found to be quite high and
prohibitive. For want of staff adequate at site (as they were busy for other urgent
jobs) this cask could not be tried for charging purposes. This cask facilitates
charging 40 PHR bundles compared to 10 PHWR bundles, cask under water
handling operations are cut down by our fourth and would increase the output
considerably.

1.4 Under Water handling of 10 PHWR bundles using 10 tongs at a time
mounted on the Pond bridge : At KARP, Kalpakkam 10 bundles are handled
simultaneously using pneumatic cylinders and common air line compared to one
bundle handling at PREFRE, Tarapur. This was tried and found working
satisfactorily. For this a frame work was designed which can accommodate 10
fuel storage trays to handle 10 bundles from these 10 trays simultaneously. This
facilitates higher output of the plant.

1.5 Handling of fuel storage trays : These are handled by 70/10 Te EOT Crane.
For releasing the 70 Te EOT crane for other operations for smooth handling. A
separate monorail was designed, to be fitted on pond bridge and a suitable
electrical hoist was being procured. This would also increase the output.
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1.6 Impact of the shipping casks on spent fuel storage pool floor : Efforts are on
for analyzing the Spent Fuel Storage pool floor for a drop of the casks by 9.2 m
(3.4 m above water and 5.8 m under water). Impact energy was found quite
high. The pool floor design could take impacts equivalent to about 10 g.
Suitable frames were designed placed in position for uniform load distribution.
Designs associated with pipe in pipe shock absorbing frames were being
reviewed. Water shielding over he casks during handling of cask cage (for
shipping cask) and fuel storage trays (for charging casks) was being considered
while designing the shock absorbing frames. In this connection RSD, BARC,
PRP, BARCF and CEG, IGCAR were contacted and were being followed up.

1.7 Type approval of PHWR Spent Fuel Shipping Cask : For meeting the
requirements of AERB, the cask was analysed for 9 m drop of the cask at the flat
bottom, cask corner, lifting trunnions, lid tie-down etc. On analysis it was found
that some stiffening was required at the cask corner. Software Packages for
NASTRAN, GENSA AND FEMAP were being procured for carrying out FEM
dynamic and static analysis of the above mentioned impacts. Arrangements
were being made for carrying out design of scale down model of the cask for
physical testing.

2. PROJECTS

2.1 KARP Project, Kalpakkam : Simultaneous handling of 10 PHWR bundles by
10 tongs mounted on the Pond Bridge was carried out. A frame for loading 10
fuel storage trays for simultaneous handling of 10 bundles from 10 trays was
designed, fabricated and installed. Manual charging of 10 bundles into the fuel
magazine of spent fuel chopper was carried. Reasons for high torque rating of
fuel pusher were noticed and rectified. Tappered end connection to the
semicircular liner of the fuel magazine was designed, fabricated, installed and
found working satisfactorily. The semicircular counter blades were modified
and installed along with semicircular shear blades. Chopping was carried out
and working satisfactorily. For arresting the dissolver basket during tilting for
hull transfer to hull collecting drum slipping off the intended stoppers, suitable
stopper frame was laid out and welded in position. This frame is working
satisfactorily and tilting back of the tilting flask was smooth with this frame.
The hull drum dolley emergency drive motions were rectified and found working
satisfactorily. The hull disposal operations and the hull drum lid opening and
closing were found smooth.

2.2 ROP Project, PREFRE, Tarapur : Layout details of SFHS and HET were
discussed with CED, BARC and required details were provided to them. During
the construction period of ROP, it was decided to opt for disposal of cation
cartridge and anion cartridge bypassing Mixed Bed Unit of Water Treatment
Plant at Fuel Handling area. The design of cation ion and anion beds and

466



respective cartridge was carried out and provided to PREFRE/ROP, Tarapur for
necessary action.

2 J PREFRE HI A, KARP, BARCF, Kalpakkam : Budgetary estimates were worked
for SFHS and forwarded.

3. Assistance to Working Plants :

3.1 PP, Trombay : Modified Charging Cask, fuel rod pusher cask liner and pushing
actuator were modified. The installation of rails, rack and pinion arrangement
for positive drive, modification of cask dolley was nearly complete. The testing
of charging and withdrawal of stuck up fuel rod would be shown to SARCOP for
their review and approval. The design details for ACF were compiled.

3.2 PREFRE, Tarapur : They were informed to check the performance of nozzles
for removal of dust collection at Main Gag and failure of its bearing. One more
large hole at the end and periodic draining of the powder would enable smooth
functioning of Main Gag.

4. Other assignments:

4.1 IAEA Coordinated Research Programme/Research Contract (CRP / RC) on
"Mechanism and Predictive Modeling of Materials behaviour in Fuel
Storage Facilities" : SFHS was persuing the CRP/RC and attended IAEA
Consultancy Meeting on the CRP/RC, presented our status and provided our
final CRP report. IAEA was quite impressed by the studies carried out in India
and asked us to continue the CRP and provide complete report in the first half of
1998.

4.2 AERB Project Design Safety Committees (PDSCs): SFHS was associated with
PDSC on Dry Storage Concrete Cask (DSCC) and Dry Storage Facility (DSF),
AFR and Working Group (WG2) on fuel handling of ACPSR-FRPs. It was
decided that design of DSCC would be modified for long storage with no
appreciable damages. It was decided that AFR would be reviewed by SARCOP
as it is a Working Plant. Considerable progress has been there by WG2 and most
of the issues were resolved.

4.3 Chopping of Spent Fuel using laser beams : AFD has used laser beam for
cutting zircaloy tubes. It was decided to constitute a task force for using the
laser beam for cutting the spent fuel, whether separately the zircaloy tube and
UO2 or together and to develop associated Remote handling and Robotic
devices.
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T.i

Tev Atmospheric Cerenkov Telescope with Imaging Camera

Published by : Dr M. R. Balakrishnan, Head, Library & Information Services Division,
Bhabha Atomic Research Centre, Mumbai - 400 085.


