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Dear colleagues,

At the outset, let me wish you all a
happy and prosperous New Year.
Atomic Energy in India has lived
through 50 glorious years. We can
take pride in the fact that with each
passing year, the Department of
Atomic Energy has consistently
added feathers in its cap. I need
not recount the Department’s
achievements here – it is an open
book for every one to see and
admire.
Last year ended on a tragic event
with a very devastating natural calamity caused by powerful Tsunami
tidal waves. The unprecedented calamity snatched away thousands of
lives including the lives of some of our colleagues and their family
members in the DAE Township at Kalpakkam. All our nuclear
installations and systems at Kalpakkam were safe and intact. In keeping
with the finest traditions of our Department, the entire DAE fraternity
and members of their family rose to the occasion to show their solidarity
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by way of rendering their help towards relief and rehabilitation in the affected areas. I
particularly compliment members of BARCOA, medical doctors and other colleagues from
BARC for taking the initiative and special efforts towards organizing relief work and for
providing medical assistance.
I am extremely happy to state that last year has been yet another successful year in our
developmental efforts to exploit nuclear science and technology in various sectors, such as
power generation, food production and preservation, health care and industry. Among the
various systems and technologies developed during the last year, I would like to mention
only a few examples.
BARC has been providing the much needed R&D support to NPCIL. The first fuelling
machine of 540 MWe PHWR is being subjected to acceptance testing under simulated
conditions in a dedicated experimental facility. Full computerisation of the reactor
protection system, installation of programmable digital comparator for process control and
software verification and validation are also important developments done by BARC for
540 MWe PHWRs, the first of which at Tarapur will attain criticality very soon.
In the area of operating PHWRs, sliver sampling and analysis for hydrogen content were
carried out on a large number of pressure tubes of RAPS-1 reactor and based on the data
generated, RAPS-1 was rehabilitated for power generation.
Several activities have been initiated in connection with the development of AHWR.
Detailed engineering and design validation of AHWR is progressing well. Several
innovative features have been incorporated in the design to further enhance its performance
and safety. Preparations are under way for pre-licensing safety appraisal of AHWR by
AERB.
The other innovative reactor being developed at BARC is the High Temperature Reactor
(HTR), which is being designed to operate at a temperature of about 1000˚C. To study the
thermal hydraulics and the corrosion compatibility behaviour of lead and lead bismuth
based liquid metal coolant to be used in the HTR, natural circulation driven liquid metal
loops of different scales are being set up. With the development of High Temperature
Reactor (HTR), we would like to demonstrate nuclear energy as a primary heat source
which can be deployed not only for the power production but also for production of
hydrogen at low cost.
BARC has specific contributions to make towards the success of the Prototype Fast Breeder
Reactor (PFBR) being constructed at Kalpakkam. Our responsibilities include supply of
mixed oxide fuel, boron carbide control rod material, fuel handling system and the detector
system with the associated electronics. These items are of vital importance which are to be
supplied within the stipulated time-frame to make the project successful. BARC is also
joining hands with IGCAR for developing spent fuel reprocessing and waste management
for closing the fast reactor fuel cycle. This activity is also essential for making the fast
reactor programme sustainable in the long run. With the induction of AHWR, we will be

gaining experience in technologies associated with thorium which are so vital for our thirdstage of nuclear power programme.
Waste management facilities at Trombay, Tarapur and Kalpakkam were operated safely to
provide treatment, discharge and disposal of the waste generated at these sites. The facilities
at CWMF, Kalpakkam have been augmented for the disposal/storage of pressure tubes and
end fittings from the campaign of En-masse Coolant Channel Replacement at MAPS-1.
Joule Heated Ceramic Melter of Advanced Vitrification System has been cold
commissioned successfully at Tarapur.
During the last year, one of the major achievements in the technology development area has
been the design and development of 1 kW cryo-distillation unit.
BARC continued to take strides in several areas pertaining to development and deployment
of high technologies. A mobile robot ‘SmartNav’ was developed for remote surveying and
inspection. The installation of 10 MeV – 10 kW Radio Frequency Electron Linac is nearing
completion at the Electron Beam Centre, Kharghar, Navi Mumbai. High power Pulse
Electron Accelerator KALI-5000 has been commissioned at an energy of 650 keV and an
Electron Beam power of 40 GW. BARC technology for B-10 enrichment based on exchange
distillation and ion exchange process was transferred to Heavy Water Board. A fluorine
electrolyser of 6000 Amps current rating has been successfully commissioned and
integrated with the fluorination plant.
Over 25 MOUs have been signed with various organizations for technology transfer.
Ultra-filtration polysulfone membrane technology has been provided to a total of 12 parties
for manufacturing of Domestic water purifier. Some of them have already launched their
products in the market. A fluoride detection kit for use by the general public for detection
of fluoride contamination in ground water is a notable example of spin off technology.
Setting up of a demonstration unit of Electron Beam Welding facility for industrial use in
the MIDC, Mhape, marks a beginning of a new pattern of technology transfer through user
interactions.
A modified surgical gamma probe for sentinel node detection based on CsI detector has been
developed as import substitute with improved specifications and data storage capability.
Two units have been fabricated and one of them has been given to Rajiv Gandhi Cancer
Hospital, New Delhi for technical evaluation.
A Nisargruna bio-gas plant of 1 tonne per day capacity has been installed at INS, Kunjali,
Colaba for the Indian Navy. The designs are ready for 5 tonnes per day and 25 tonnes per
day plants proposed to be installed by Thane Municipal Corporation.
The crop improvement programme of Nuclear Agriculture and Bio-Technology Division
continued to make excellent progress. Two new varieties of Trombay Groundnut were
recommended for release by the Ministry of Agriculture for commercial cultivation. A new
mungbean variety TM-99-37 was also identified for release. It is high yielding, matures
early and is tolerant to yellow mosaic virus disease. State Seed Committee of Maharashtra
has released soyabean variety TAMS-38 for commercial cultivation in Vidarbha region.

A strain of TBP biodegrading bacterium has been isolated. A highly radio resistant
bacterium has been genetically engineered for bio-precipitation of uranium from radioactive
wastes.
MAT-LAB facility for ultra purification of gallium and arsenic has been commissioned.
The capabilities for producing 6N and 7N purity for Arsenic and Gallium respectively for
variety of electronic and semiconductor applications have been demonstrated. The facility
for studying singletoxygen initiated chemical reactions has been established. It will be
useful for various biological and pharmaceutical applications.
Important developments in material processing include demonstration of the possibility of
direct electrolytic decomposition of solid oxides of reactive and refractory metals in a new
type of electrolytic cell, production of ultra pure zirconium crystal bar directly from
zirconium bearing mill scrap and development of all material components of the solid oxide
fuel cells. The challenge of producing monolithic blocks of silicon carbide, boron carbide
and certain refractory metal borides have also been successfully met. Several new organic
solvents have been synthesized for both the front and the back end of the nuclear fuel cycle.
In the quest of new cladding alloys suitable for high temperature, high burn up and partial
boiling conditions, a series of Zr-Nb-Sn-Fe based binary, ternary and quarternary alloys
have been made and characterized. Zirconium based multi component bulk metallic glasses
have been successfully synthesized and characterized.
Using a 128 processor ANUPAM ARUNA Parallel Supercomputer, ab-initio molecular
dynamic studies have been carried out for the first time in India on a large complex system,
namely, Buckminster Fullerene doped with heteroatoms.
R&D activities in Physical Sciences reached a new height during the year. The
indigenously built FOTIA facility was operated at 4.75 MV using SF6 gas which is nearly
80% of the design value of terminal voltage. A Stimulated Brillouin Scattering (SBS) Compressed Nd:YAG Oscillator producing a high power laser chain giving 150 mJ energy
in 300-800 ps duration at 1.064 micron has been installed in laser shock laboratory.
The challenges in these technology developments are enormous and through the
participation of our younger colleagues, we will certainly meet these challenges in due
course.
Friends, I have mentioned only some of the important achievements and developmental
activities carried out in BARC during the last year. I take this opportunity to congratulate
all of you for your dedicated and concerted efforts without which these achievements would
not have been possible.
Success coupled with excellence has always been the hallmark of BARC; however, let us not
rest on our laurels.

Srikumar Banerjee

×−Ö¤êü¿Öú, ³ÖÖ³ÖÖ ¯Ö¸ü´ÖÖÖã †−ÖãÃÖÓ¬ÖÖ−Ö ëú¦ü úÖ −Ö¾Ö ¾ÖÂÖÔ úÖ ÃÖÓ¤êü¿Ö
×¯ÖÏµÖ ÃÖÆüúÙ´ÖµÖÖë,
ÃÖ¾ÖÔ¯ÖÏ£Ö´Ö ´Öï †Ö¯Ö ÃÖ²ÖúÖê −Ö¾Ö ¾ÖÂÖÔ úß ¿Öã³ÖúÖ´Ö−ÖÖµÖë ¤êüŸÖÖ ÆæÑü …
³ÖÖ¸üŸÖ ´Öë ¯Ö¸ü´ÖÖÖã ‰ú•ÖÖÔ êú ÖÖî¸ü¾Ö¿ÖÖ»Öß ¯Ö“ÖÖÃÖ ¾ÖÂÖÔ ¯Öæ¸êü ÆüÖê “Öãêú ÆîÓ … Æü´Ö ‡ÃÖ ²ÖÖŸÖ ¯Ö¸ü Ö¾ÖÔ ú¸ü ÃÖúŸÖê Æïü ×ú ²ÖßŸÖê Æãü‹ ¯ÖÏŸµÖêú ¾ÖÂÖÔ
êú ¤üÖî¸üÖ−Ö ¯Ö¸ü´ÖÖÖã ‰ú•ÖÖÔ ×¾Ö³ÖÖÖ úß Ö×ŸÖ×¾Ö×¬ÖµÖÖë ´Öë “ÖÖ¸ü “ÖÖÑ¤ü »ÖÖŸÖê ÖµÖê ÆîüÓ … ´Öï ×¾Ö³ÖÖÖ úß ˆ¯Ö»ÖÛ²¬ÖµÖÖë úÖê ¤üÖêÆü¸üÖ−ÖÖ −ÖÆüà “ÖÖÆüŸÖÖ
- µÖÆü ‹ú Öã»Öß ×úŸÖÖ²Ö Æîü, ×•ÖÃÖê ¯ÖœÍüú¸ü ÃÖ²Ö ¯ÖÏ¿ÖÓÃÖÖ ú¸ü ÃÖúŸÖê Æïü …
×¯Ö”û»Öê ¾ÖÂÖÔ úÖ †ÓŸÖ ²Ö›ÍüÖ Æüß ¤ãüÖ:¤ü ¸üÆüÖ •Ö²Ö Æü´Öë ¯ÖÏÖéú×ŸÖú †Ö¯Ö¤üÖ êú ºþ¯Ö ´Öë ¿ÖÛŒŸÖ¿ÖÖ»Öß ŸÃÖã−ÖÖ´Öß »ÖÆü¸üÖë úÖ úÆü¸ü —Öê»Ö−ÖÖ ¯Ö›ÍüÖ
… ‡ÃÖ †³ÖæŸÖ¯Öæ¾ÖÔ †Ö¯Ö¤üÖ êú úÖ¸üÖ Æü•ÖÖ¸üÖë •ÖÖ−ÖÓê ÖµÖßÓ ×•ÖÃÖ´Öë ú»¯ÖÖŒú´Ö ÛÃ£ÖŸÖ ›üß‹‡Ô ™üÖ‰ú−Ö×¿Ö¯Ö êú Æü´ÖÖ¸êü ãú”û ÃÖÆüú´Öá ŸÖ£ÖÖ
ˆ−Öêú ¯Ö×¸ü¾ÖÖ¸ü êú ÃÖ¤üÃµÖ ³Öß ¿ÖÖ×´Ö»Ö £Öê … ú»¯ÖÖŒú´Ö ÛÃ£ÖŸÖ Æü´ÖÖ¸ß ÃÖ³Öß ¯Ö¸ü´ÖÖÖã ÃÖÓÃ£ÖÖ¯Ö−ÖÖµÖë ŸÖ£ÖÖ ¯ÖÏÖÖ×»ÖµÖÖÓ ÃÖã¸ü×ÖŸÖ ¸üÆüà
…†¯Ö−Öê ×¾Ö³ÖÖÖ úß ÁÖêÂšü ¯Ö¸Óü¯Ö¸üÖ†Öë úÖê †¯Ö−ÖÖŸÖê Æãü‹ ¯ÖÏ³ÖÖ×¾ÖŸÖ Öê¡ÖÖë ´Öë ¸üÖÆüŸÖ ŸÖ£ÖÖ ¯Öã−Ö¾ÖÖÔÃÖ ÆêüŸÖã ¯Ö¸ü´ÖÖÖã ‰ú•ÖÖÔ ×¾Ö³ÖÖÖ êú ÃÖ³Öß
ÃÖ¤üÃµÖÖë ŸÖ£ÖÖ ˆ−Öêú ¯Ö×¸ü¾ÖÖ¸ü •Ö−ÖÖë −Öê †¯Ö−Öß ‹úŸÖÖ †Öî¸ü ³ÖÖ‡Ô“ÖÖ¸êü úÖ ¯Ö×¸ü“ÖµÖ ×¤üµÖÖ … ´Öï ×¾Ö¿ÖêÂÖŸÖ: ²ÖÖ¸üúÖê†Ö, ×“Ö×úŸÃÖúÖë ŸÖ£ÖÖ
³ÖÖ¯Ö† ëú¦ü êú †−µÖ ÃÖÆüúÙ´ÖµÖÖë úß ¯ÖÏ¿ÖÓÃÖÖ ú¸üŸÖÖ ÆæÑ ×•Ö−ÆüÖë−Öê ¸üÖÆüŸÖ úÖµÖÔ ‹¾ÖÓ ×“Ö×úŸÃÖßµÖ ÃÖÆüÖµÖŸÖÖ ¯ÖÆãÓü“ÖÖ−Öê ÆêüŸÖã ×¾Ö¿ÖêÂÖ ¯ÖÏµÖÖÃÖ
×ú‹ …
´Öã—Öê µÖÆü ‘ÖÖê×ÂÖŸÖ ú¸üŸÖê Æãü‹ †ŸµÖ−ŸÖ ¯ÖÏÃÖ®ÖŸÖÖ ÆüÖê ¸üÆüß Æîü ×ú ×¯Ö”û»ÖÖ ¾ÖÂÖÔ ³Öß ˆŸÖ−ÖÖ Æüß ´ÖÆüŸ¾Ö¯ÖæÖÔ ¸üÆüÖ ŒµÖÖë ×ú −ÖÖ×³ÖúßµÖ ×¾Ö–ÖÖ−Ö
‹¾ÖÓ ¯ÖÏÖîªÖê×Öúß ÃÖê •Öã›Íêü ×¾ÖªãŸÖ ˆŸ¯ÖÖ¤ü−Ö, ÖÖª ˆŸ¯ÖÖ¤ü−Ö ‹¾ÖÓ ¯Ö×¸ü¸üÖÖ, Ã¾ÖÖÃ£µÖ ¤êüÖ-³ÖÖ»Ö ‹¾ÖÓ ˆªÖêÖ •ÖîÃÖê ×¾Ö×³Ö®Ö Öê¡ÖÖë ´Öë Æü´ÖÖ¸êü
×¾ÖúÖÃÖÖŸ´Öú ¯ÖÏµÖÖÃÖ ÃÖ±ú»Ö ¸üÆêü … ×¯Ö”û»Öê ¾ÖÂÖÔ êú ¤üÖî¸üÖ−Ö ×¾Öú×ÃÖŸÖ ×¾Ö×³Ö®Ö ¯ÖÏÖÖ×»ÖµÖÖë †Öî¸ü ¯ÖÏÖîªÖê×Ö×úµÖÖë ´Öë ÃÖê ´Öï êú¾Ö»Ö ãú”û úÖ
Æüß ˆ»»ÖêÖ ú¸ü−ÖÖ “ÖÖÆüŸÖÖ ÆæÑ …
³ÖÖ¯Ö† ëú¦ü «üÖ¸üÖ ‹−Ö¯ÖßÃÖß†Ö‡Ô‹»Ö úÖê †Ö¾Ö¿µÖú †−ÖãÃÖÓ¬ÖÖ−Ö ‹¾ÖÓ ×¾ÖúÖÃÖ ÃÖÆüÖµÖŸÖÖ ˆ¯Ö»Ö²¬Ö ú¸üÖ‡Ô •ÖÖ ¸üÆüß Æîü … 540 ´Öï.¾ÖÖ.‡Ô.
¤üÖ×²ÖŸÖ ³ÖÖ¸üß ¯ÖÖ−Öß ×¸ü‹Œ™ü¸ü úß ¯ÖÏ£Ö´Ö ‡Õ¬Ö−Ö−Ö ´Ö¿Öß−Ö úß ÃÖ´ÖÙ¯ÖŸÖ ¯ÖÏµÖÖêÖÖŸ´Öú ÃÖã×¾Ö¬ÖÖ ´Öë †−ÖãúÖ×¸üŸÖ ¯Ö×¸üÛÃ£Ö×ŸÖµÖÖë êú †ÓŸÖÖÔŸÖ
Ã¾Ößéú×ŸÖ ¯Ö¸üßÖÖ ×úµÖÖ •ÖÖ ¸üÆüÖ Æîü … 540 ´Öï.¾ÖÖ.‡Ô. ¤üÖ×²ÖŸÖ ³ÖÖ¸üß ¯ÖÖ−Öß ×¸ü‹Œ™ü¸üÖë ÆêüŸÖã ³ÖÖ¯Ö† ëú¦ü «üÖ¸üÖ ×¾Öú×ÃÖŸÖ ×¸ü‹Œ™ü¸ü ÃÖÓ¸üÖÖ
¯ÖÏÖÖ»Öß úÖ ÃÖÓ¯ÖæÖÔ Óú¯µÖæ™ü¸üßú¸üÖ, ¯ÖÏÎú´Ö ×−ÖµÖÓ¡ÖÖ ‹¾ÖÓ ÃÖÖò°™ü¾ÖêµÖ¸ü ÃÖŸµÖÖ¯Ö−Ö ŸÖ£ÖÖ ´ÖÖ−µÖú¸üÖ ÆêüŸÖã ¯ÖÏÖêÖÏÖò´Öê²Ö»Ö ×›ü•Öß™ü»Ö Óú¯Öê¸êü™ü¸ü
úÖ Ã£ÖÖ¯Ö−Ö ³Öß ´ÖÆüŸ¾Ö¯ÖæÖÔ Æîü … ‡ÃÖúÖ ¯ÖÆü»ÖÖ ×¸ü‹Œ™ü¸ü ŸÖÖ¸üÖ¯Öã¸ü ´Öë †×ŸÖ¿Öß‘ÖÐ ÎúÖÓ×ŸÖúŸÖÖ ¯ÖÏÖ¯ŸÖ ú¸êüÖÖ …
¯ÖÏ“ÖÖ×»ÖŸÖ ¤üÖ×²ÖŸÖ ³ÖÖ¸üß ¯ÖÖ−Öß ×¸ü‹Œ™ü¸üÖë êú Öê¡ÖÖë ´Öë, ÛÃ»Ö¾Ö¸ü ÃÖîÓ¯ÖØ»ÖÖ ‹¾ÓÖ ÆüÖ‡›ÒüÖê•Ö−Ö êú ×¾Ö¿»ÖêÂÖÖ úÖµÖÔ ÆêüŸÖã †Ö¸ü ‹ ¯Öß ‹ÃÖ-1
×¸ü‹Œ™ü¸ü êú †−ÖêúÖë ¤üÖ²Ö−Ö×»ÖµÖÖë ´Öë ×ú‹ Ö‹ ‹¾ÖÓ ¯ÖÏÖ¯ŸÖ ›üÖ™üÖ êú †Ö¬ÖÖ¸ü ¯Ö¸ü †Ö¸ü ‹ ¯Öß ‹ÃÖ-1 úÖê ×¾ÖªãŸÖ ˆŸ¯ÖÖ¤ü−Ö êú ×»Ö‹
¯Öã−Ö:Ã£ÖÖ×¯ÖŸÖ ×úµÖÖ ÖµÖÖ …
¯ÖÏÖŸÖ ³ÖÖ¸üß ¯ÖÖ−Öß ×¸ü‹Œ™ü¸ü êú ×¾ÖúÖÃÖ êú ÃÖÓ²ÖÓ¬Ö ´Öë †−Öêú Ö×ŸÖ×¾Ö×¬ÖµÖÖÓ ¯ÖÏÖ¸Óü³Ö úß ÖµÖß … ‹ ‹“Ö ›ü²»µÖæ †Ö¸ü êú ×¾ÖÃŸÖéŸÖ ‡Ó•Öß×−ÖµÖ¸üß
‹¾ÖÓ †×³Öú»¯Ö−Ö ´ÖÖ−µÖú¸üÖ úÖµÖÔ ¯ÖÏÖ×ŸÖ ¯Ö¸ü Æïü … ×¸ü‹Œ™ü¸ü êú úÖµÖÔ ×−ÖÂ¯ÖÖ¤ü−Ö ‹¾ÖÓ ÃÖÓ¸üÖÖ ´Öë †Öî¸ü ³Öß ¾Öé×¨ü ú¸ü−Öê êú ×»Ö‹
†×³Öú»¯Ö−Ö ´Öë †−Öêú †×³Ö−Ö¾Ö ×¾Ö¿ÖêÂÖŸÖÖ†Öë úÖê ÃÖÛ´´Ö×»ÖŸÖ ×úµÖÖ ÖµÖÖ … ¯Ö¸ü´ÖÖÖã ‰ú•ÖÖÔ ×−ÖµÖÖ´Öú ²ÖÖê›Ôü «üÖ¸üÖ ‹ ‹“Ö ›ü²»µÖæ †Ö¸ü
êú ×¯ÖÏ»ÖÖ‡ÔÃÖëØÃÖÖ ÃÖê°™ßü †¯ÖÏê•Ö»Ö ÆêüŸÖã ŸÖîµÖÖ×¸µÖÖÓ •ÖÖê¸üÖë ¯Ö¸ü Æïü …
³ÖÖ¯Ö† ëú¦ü ´Öë ×¾Öú×ÃÖŸÖ ×ú‹ •ÖÖ ¸üÆêü †−µÖ −Ö¾Öß−ÖŸÖ´Ö ×¸ü‹Œ™ü¸ü Æîü - ˆ““Ö ŸÖÖ¯Ö´ÖÖ−Ö ×¸ü‹Œ™ü¸ü ‹“Ö ™üß †Ö¸ü ×•ÖÃÖúÖ †×³Öú»¯Ö−Ö
»ÖÖ³ÖÖ 10000 ÃÖê. ŸÖÖ¯Ö´ÖÖ−Ö ¯Ö¸ü ¯ÖÏ“ÖÖ»Ö−Ö êú ×»Ö‹ ×úµÖÖ •ÖÖ ¸üÆüÖ Æîü … ‹“Ö ™üß †Ö¸ü ´Öë ¯ÖÏµÖÖêÖ ´Öë »ÖÖµÖê •ÖÖ−Öê ¾ÖÖ»Öê ÃÖßÃÖÖ ‹¾ÖÓ ÃÖßÃÖÖ
×²ÖÃ´Ö£Ö †Ö¬ÖÖ×¸üŸÖ ¦ü¾Ö ¬ÖÖŸÖã ¿ÖßŸÖ»Öú êú ŸÖÖ¯ÖßµÖ •Ö»ÖÖ×ŸÖúß ‹¾ÖÓ ÃÖÓÖÖ¸üÖ ÃÖÓÖŸÖŸÖÖ êú ¯ÖÏ³ÖÖ¾Ö úÖ †¬µÖµÖ−Ö ú¸ü−Öê êú ×»Ö‹ ×¾Ö×¾Ö¬Ö
Ãêú»Ö ¾ÖÖ»Öê ¯ÖÏÖéú×ŸÖú “ÖÎúÖ «üÖ¸üÖ “ÖÖ×»ÖŸÖ ¦ü¾Ö ¬ÖÖŸÖã »Öæ¯ÖÖë úÖê ¯ÖÏ×ŸÖÛÂšüŸÖ ×úµÖÖ •ÖÖ ¸üÆüÖ Æîü … ˆ““Ö ŸÖÖ¯Ö´ÖÖ−Ö ×¸ü‹Œ™ü¸ü êú ×¾ÖúÖÃÖ

ÃÖê Æü´Ö µÖÆü ¤ü¿ÖÖÔ−ÖÖ “ÖÖÆüŸÖê ÆîÓ ×ú −ÖÖ×³ÖúßµÖ ‰ú•ÖÖÔ ‹ú ¯ÖÏÖ£Ö×´Ö ‰úÂ´ÖÖ ÄÖÖêŸÖ Æîü ×•ÖÃÖúÖ ¯ÖÏµÖÖêÖ −Ö êú¾Ö»Ö ×¾ÖªãŸÖ ˆŸ¯ÖÖ¤ü−Ö êú ×»Ö‹
×úµÖÖ •ÖÖŸÖÖ Æîü ²ÖÛ»ú ×−Ö´−Ö »ÖÖÖŸÖ ¯Ö¸ü ÆüÖ‡Ô›ÒüÖê•Ö−Ö êú ˆŸ¯ÖÖ¤ü−Ö êú ×»ÖµÖê ³Öß ×úµÖÖ •ÖÖ ÃÖúŸÖÖ Æîü …
ú»¯ÖÖŒú´Ö ´Öë ×−Ö´ÖÖÔÖÖ¬ÖÖß−Ö ¯ÖÏÖê™üÖê™üÖ‡Ô¯Ö ±úÖÃ™ü ²ÖÎß›ü¸ü ×¸ü‹Œ™ü¸ü (¯Öß ‹±ú ²Öß †Ö¸ü) úß ÃÖ±ú»ÖŸÖÖ êú ¯ÖÏ×ŸÖ ³ÖÖ¯Ö† ëú¦ü úÖ ‹ú
×¾Ö×¿ÖÂ™ü µÖÖêÖ¤üÖ−Ö Æîü … ×´Ö×ÁÖŸÖ †ÖòŒÃÖÖ‡›ü ‡Õ¬Ö−Ö, ²ÖÖê¸üÖò−Ö úÖ²ÖÖÔ‡Ô›ü ×−ÖµÖÓ¡ÖÖ ”û›Íü ¯Ö¤üÖ£ÖÔ, ‡Õ¬Ö−Ö ÆüÃŸÖ−Ö ¯ÖÏÖÖ»Öß ‹¾ÖÓ ÃÖÓ²ÖÓ×¬ÖŸÖ
‡»ÖêŒ™ÒüÖ×−Öúß êú ÃÖÖ£Ö ÃÖÓÃÖæ“Öú ¯ÖÏÖÖ»Öß úß †Ö¯ÖæÙŸÖ ú¸ü−ÖÖ ³Öß Æü´ÖÖ¸üÖ ˆ¢Ö¸ü¤üÖ×µÖŸ¾Ö Æî … ˆ¯Ö¸üÖêŒŸÖ ÃÖ³Öß ´Ö¤ü †ŸµÖÓŸÖ ´ÖÆüŸ¾Ö¯ÖæÖÔ Æïü
†Öî¸ü ¯Ö×¸üµÖÖê•Ö−ÖÖ úÖê ÃÖ±ú»Ö ²Ö−ÖÖ−Öê êú ×»Ö‹ ×−Ö¬ÖÖÔ×¸üŸÖ ÃÖ´ÖµÖ êú ³ÖßŸÖ¸ü ‡−Öúß †Ö¯ÖæÙŸÖ ú¸ü−ÖÖ †Ö¾Ö¿µÖú Æîü … ŸÖß¾ÖÎ ×¸ü‹Œ™ü¸ü ‡Õ¬Ö−Ö
“ÖÎú úÖê ¯Öæ¸üÖ ú¸ü−Öê ÆêüŸÖã ³ÖãŒŸÖ¿ÖêÂÖ ‡Õ¬Ö−Ö ¯Öã−ÖÃÖÕÃÖÖ¬Ö−Ö ‹¾ÖÓ †¯Ö×¿ÖÂ™ü ¯ÖÏ²ÖÓ¬Ö−Ö êú ×¾ÖúÖÃÖ ÆêüŸÖã ³ÖÖ¯Ö† ëú¦ü ŸÖ£ÖÖ †Ö‡ •Öß úÖ¸ü êú ²Öß“Ö
ÃÖÆüµÖÖêÖ ÆüÖêÖÖ … ŸÖß¾ÖÎ ×¸ü‹Œ™ü¸ü úÖµÖÔÎú´Ö úÖê »ÖÓ²Öß †¾Ö×¬Ö ŸÖú ²Ö−ÖÖµÖê ¸üÖ−Öê êú ×»Ö‹ ³Öß µÖÆü Ö×ŸÖ×¾Ö×¬ÖµÖÖÓ †Ö¾Ö¿µÖú ÆÓîü … ‹ ‹“Ö
›ü²»µÖæ †Ö¸ü ê †×¬ÖÂšüÖ¯Ö−Ö êú ÃÖÖ£Ö Æü´Ö £ÖÖê×¸üµÖ´Ö ÃÖê •Öã›Íß ¯ÖÏÖîªÖê×Ö×úµÖÖêÓ ´Öë †−Öã³Ö¾Ö ¯ÖÏÖ¯ŸÖ ú¸ü ÃÖëúÖê •ÖÖê Æü´ÖÖ¸êü ¯Ö¸ü´ÖÖÖã ×¾ÖªãŸÖ
úÖµÖÔÎú´Ö êú ŸÖßÃÖ¸êü “Ö¸üÖ êú ×»Ö‹ †×ŸÖ †Ö¾Ö¿µÖú Æîü …
™òÒüÖ´²Öê, ŸÖÖ¸üÖ¯Öã¸ü ‹¾ÖÓ ú»¯ÖÖŒú´Ö ´Öë ˆŸ¯Ö®Ö †¯Ö×¿ÖÂ™ü êú ˆ¯Ö“ÖÖ¸ü, ×¾ÖÃÖ•ÖÔ−Ö ŸÖ£ÖÖ ×−Ö¯Ö™üÖ−Ö êú ×»Ö‹ ‡−Ö Öê¡ÖÖë ´Öë ÛÃ£ÖŸÖ †¯Ö×¿ÖÂ™ü
¯ÖÏ²ÖÓ¬Ö−Ö ÃÖã×¾Ö¬ÖÖÓ‹Ó ÃÖã¸ü×ÖŸÖ ºþ¯Ö ÃÖê ¯ÖÏ“ÖÖ×»ÖŸÖ úß ÖµÖß … ‹´Ö ‹ ¯Öß ‹ÃÖ-1 ´Öë ‹−Ö´ÖÖÃÖ ¿ÖßŸÖ»Öú ¾ÖÖ×ÆüúÖ êú Ã£ÖÖ−Ö ¯Ö¸ü ¤üÖ²Ö −Ö»Öß ‹¾ÖÓ
‹Ó›ü ×±úØ™üÖ êú ×−Ö¯Ö™üÖ−Ö/³ÖÓ›üÖ¸üÖ êú ×»Ö‹ ÃÖß ›ü²»µÖæ ‹´Ö ‹±ú ú»¯ÖÖŒú´Ö ´Öë ÃÖã×¾Ö¬ÖÖ†Öë úÖ ˆ®ÖµÖ−Ö ×úµÖÖ ÖµÖÖ … ŸÖÖ¸üÖ¯Öã¸ü ´Öë ¯ÖÏÖŸÖ
úÖ“Ö−Ö ¯ÖÏÖÖ»Öß êú •Öæ»Ö ŸÖ¯ŸÖ ×ÃÖ¸òü×´Öú ´Öê»™ü¸ü úÖ ÃÖ±ú»ÖŸÖÖ¯Öæ¾ÖÔú ¿ÖßŸÖ ú×´Ö¿Ö−Ö−Ö ×úµÖÖ ÖµÖÖ …
×¯Ö”û»Öê ¾ÖÂÖÔ êú ¤üÖî¸üÖ−Ö ¯ÖÏÖîªÖê×Öúß ×¾ÖúÖÃÖ êú Öê¡Ö ´Öë ¯ÖÏÖ¯ŸÖ ´ÖÆüŸ¾Ö¯ÖæÖÔ ˆ¯Ö»ÖÛ²¬ÖµÖÖêÓ ´Öë ÃÖê ‹ú Æîü - 1 ×ú.¾ÖÖ. ÎúÖµÖÖê †ÖÃÖ¾Ö−Ö ‡úÖ‡Ô
úÖ †×³Öú»¯Ö−Ö ‹¾ÖÓ ×¾ÖúÖÃÖ …
×¾ÖúÖÃÖ ŸÖ£ÖÖ ˆ““Ö ¯ÖÏÖîªÖê×Öúß ¯ÖÏÃÖÖ¸üü ÃÖê ÃÖÓ²ÖÓ×¬ÖŸÖ †−Öêú Öê¡ÖÖë ´Öë ³ÖÖ¯Ö† ëú¦ü úÖ µÖÖêÖ¤üÖ−Ö »ÖÖÖŸÖÖ¸ü •ÖÖ¸üß ¸üÆüÖ … ÃÖã¤æü¸ü ÃÖ¾ÖìÖÖ
‹¾ÖÓ ×−Ö¸üßÖÖ ÆêüŸÖã ‹ú ´ÖÖê²ÖÖ‡Ô»Ö ¸üÖê²ÖÖê™ "üÃ´ÖÖ™Ô−Ö¾Ö" úÖ ×¾ÖúÖÃÖ ×úµÖÖ ÖµÖÖ … ‡»ÖêŒ™ÒüÖò−Ö ²Öß´Ö ÃÖë™ü¸ü, ÖÖ¸ü‘Ö¸ü, −Ö¾Öß ´ÖãÓ²Ö‡Ô ´Öë 10
×´Ö.‡.¾ÖÖê. - 10 ×ú.¾ÖÖ. ¸êü×›ü†Öê ×±ÏúŒ¾Öê−ÃÖß ‡»ÖêŒ™ÒüÖ−Ö ×»Ö−Öîúü úÖ Ã£ÖÖ¯Ö−Ö úÖµÖÔ ¯Öæ¸üÖ ÆüÖê−Öê •ÖÖ ¸üÆüÖ Æîü … 650 ×..ú‡.¾ÖÖê. ‰ú•ÖÖÔ úÖ
ˆ““Ö ¿ÖÛŒŸÖ Ã¯ÖÓ¤ü ‡»ÖêŒ™ÒòüÖ−Ö Ÿ¾Ö¸üú ê ‹ ‹»Ö †‡Ô - 5000 ‹¾ÖÓ 40 •Öß.¾ÖÖ. Ö´ÖŸÖÖ ¾ÖÖ»Öê ‡»ÖêŒ™ÒüÖò−Ö ×ú¸üÖ¯ÖãÓ•Ö úÖ ú´Öß¿Ö−Ö−Ö
×úµÖÖ ÖµÖÖ … ×¾Ö×−Ö´ÖµÖ †ÖÃÖ¾Ö−Ö ‹¾ÖÓ †ÖµÖ−Ö ×¾Ö×−Ö´ÖµÖ ¯ÖÏ×ÎúµÖÖ †Ö¬ÖÖ×¸üŸÖ ²Öß-10 ÃÖ´Öé×¨üú¸üÖü ¯ÖÏÖîªÖê×Öúß ³ÖÖ¸üß ¯ÖÖ−Öß ²ÖÖê›Ôü úÖê
ÃÖÖï¯ßÖ ÖµÖß … 6000 ‹´¯Öß‹ÃÖ ú¸ëü™ü ¸êüØ™üÖ ¾ÖÖ»ÖÖ °»ÖÖê¸üß−Ö ‡»ÖêŒ™ÒüÖê»ÖÖµÖ•Ö¸ü úÖ ÃÖ±ú»ÖŸÖÖ¯Öæ¾ÖÔú ú´Öß¿Ö−Ö−Ö ú¸ü ˆÃÖê °»ÖÖê×¸ü−Öê¿Ö−Ö
ÃÖÓµÖÓ¡Ö êú ÃÖÖ£Ö •ÖÖê›ÍüÖ ÖµÖÖ …
¯ÖÏÖîªÖê×Öúß ÆüÃŸÖÖ−ŸÖ¸üÖ ÆêüŸÖã ×¾Ö×³Ö®Ö ÃÖÓÖšü−ÖÖë êú ÃÖÖ£Ö 25 ÃÖê ³Öß †×¬Öú ÃÖ´Ö—ÖÖîŸÖÖ –ÖÖ¯Ö−ÖêÓÖ ¯Ö¸ü ÆüÃŸÖÖÖ¸ü ×úµÖê ÖµÖê … ¯Ö¸üÖ-×−ÖÃ¯ÖÓ¤ü−Ö
¯ÖÖò»ÖßÃÖ»±ÌúÖê−Ö ×—Ö»»Öß ¯ÖÏÖîªÖê×Öúß ‘Ö¸êü»Öæ •Ö»Ö¿Öã¨üßúÖ¸üú êú ×¾Ö×−Ö´ÖÖÔÖ ÆêüŸÖã 12 ˆª×´ÖµÖÖë úÖê ˆ¯Ö»Ö²¬Ö ú¸üÖµÖß ÖµÖß … ãú”û »ÖÖêÖÖë
−Öê †¯Ö−Öê ˆŸ¯ÖÖ¤üÖë úÖê ²ÖÖ•ÖÌÖ¸ü ´Öë »ÖÖÖ ³Öüß ×¤üµÖÖ Æîü … ³Öæ-•Ö»Ö ´Öë °»ÖÖê¸üÖ‡›ü ÃÖÓ¤æüÂÖÖ úÖ ¯ÖŸÖÖ »ÖÖÖ−Öê ÆêüŸÖã •Ö−ÖÃÖÖ´ÖÖ−µÖ êú ¯ÖÏµÖÖêÖ êú
×»Ö‹ °»ÖÖê¸üÖ‡›ü ÃÖÓÃÖæ“Ö−Ö ×ú™ü ÛÃ¯Ö−Ö- †Öò±ú ¯ÖÏÖîªÖê×Öúß úÖ ‹ú ´ÖÆüŸ¾Ö¯ÖæÖÔ ˆ¤üÖÆü¸üÖ Æîü … ‹´Ö †Ö‡Ô ›üß ÃÖß, ´ÖÆüÖ¯Öê, ´Öë †ÖîªÖê×Öú
ˆ¯ÖµÖÖêÖ ÆêüŸÖã ‡»ÖêŒ™ÒüÖò−Ö ²Öß´Ö ¾ÖêÜ»›üÖ ÃÖã×¾Ö¬ÖÖ úß ×−Ö¤ü¿ÖÔ−Ö ‡úÖ‡Ô úÖ Ã£ÖÖ¯Ö−Ö ¯ÖÏµÖÖêŒŸÖÖ †−ŸÖ¸üÃÖÓ²ÖÓ¬Ö êú ´ÖÖ¬µÖ´Ö ÃÖê ¯ÖÏÖîªÖê×Öúß
ÆüÃŸÖÖÓŸÖ¸üÖ êú −ÖµÖê Ã¾Öºþ¯Ö úß †“”ûß ¿Öãºþ†ÖŸÖ Æîü …
ÃÖß ‹ÃÖ †Ö‡Ô ÃÖÓÃÖæ“Öú ¯Ö¸ü †Ö¬ÖÖ×¸üŸÖ ÃÖê−™üß−Ö»Ö −ÖÖê›ü ÃÖÓÃÖæ“Ö−Ö ÆêüŸÖã ‹ú ºþ¯ÖÖ−ŸÖŸÖ×¸üŸÖ ÃÖÙ•Öú»Ö ÖÖ´ÖÖ †−¾ÖêÂÖú úÖ ˆ®ÖŸÖ
×¾Ö×¿ÖÂ™üŸÖÖ‹Ñ ‹¾ÖÓ ›üÖ™üÖ ³ÖÓ›üÖ¸üÖ Ö´ÖŸÖÖ ÃÖ×ÆüŸÖ †ÖµÖÖŸÖ ×¾Öú»¯Ö êú ºþ¯Ö ´Öë ×¾ÖúÖÃÖ ×úµÖÖ ÖµÖÖ … ¤üÖê ‡úÖ‡µÖÖë úÖ ÃÖÓ×¾Ö¸ü“Ö−Ö ×úµÖÖ
•ÖÖ “ÖãúÖ Æîü ‹¾ÖÓ ‡−Ö´Öë ÃÖê ‹ú ¸üÖ•Öß¾Ö ÖÖÓ¬Öß ïúÃÖ¸ü †Ã¯ÖŸÖÖ»Ö, −Ö‡Ô ×¤ü»»Öß úÖê ŸÖú−Ößúß ´Öæ»µÖÖÓú−Ö ÆêüŸÖã ×¤üµÖÖ ÖµÖÖ Æîü …
³ÖÖ¸üŸÖßµÖ −ÖÖîÃÖê−ÖÖ êú ×»Ö‹ †Ö‡Ô ‹−Ö ‹ÃÖ, ãÓú•Ö»Öß, ãú»ÖÖ²ÖÖ ´Öë ‹ú ™ü−Ö ¯ÖÏ×ŸÖ ×¤ü−Ö Ö´ÖŸÖÖ ¾ÖÖ»ÖÖ ‹ú ×−ÖÃÖÖÔŠúÖ ²ÖÖµÖÖêÖîÃÖ ÃÖÓµÖÓ¡Ö úÖ
Ã£ÖÖ¯Ö−Ö ×úµÖÖ ÖµÖÖ … £ÖÖ−ÖÖ −ÖÖ¸ü¯ÖÖ×»ÖúÖ êú ×»Ö‹ ¯ÖÖÑ“Ö ™ü−Ö ¯ÖÏ×ŸÖ×¤ü−Ö ‹¾ÖÓ ¯Ö““ÖßÃÖ ™ü−Ö ¯ÖÏ×ŸÖ×¤ü−Ö Ö´ÖŸÖÖ ¾ÖÖ»Öê ÃÖÓµÖÓ¡ÖÖë úÖ
†×³Öú»¯Ö−Ö ŸÖîµÖÖ¸ü Æîü…

−ÖÖ×³ÖúßµÖ éú×ÂÖ ‹¾ÖÓ •Öî¾Ö ¯ÖÏÖîªÖê×Öúß ¯ÖÏ³ÖÖÖ úß ±úÃÖ»Ö ˆ®ÖµÖ−Ö úÖµÖÔÎú´Ö ´Öë ˆ»»ÖêÖ−ÖßµÖ ¯ÖÏÖ×ŸÖ Æã‡Ô … éú×ÂÖ ´ÖÓ¡ÖÖ»ÖµÖ «üÖ¸üÖ
¾ÖÖ×ÖÛ•µÖú éú×ÂÖ ÆêüŸÖã ™ÒüÖòÓ´²êÖ ´ÖæÓÖ±ú»Öß  ß ¤üÖê −Ö‡Ô ×úÃ´Öë •ÖÖ¸üß ú¸ü−Öê ÆêüŸÖã ×¿Ö±úÖ×¸ü¿Ö úß Ö‡Ô … ´ÖæÓÖ úß ‹ú −Ö‡Ô ×úÃ´Ö ™üß ‹´Ö
9937 úÖê ³Öß •ÖÖ¸üß ú¸ü−Öê úß ŸÖîµÖÖ¸üß úß Ö‡Ô •ÖÖê ˆ““Ö ˆŸ¯ÖÖ¤ü−Ö ¤êüŸÖß Æîü, •ÖÖê ¿Öß‘ÖÐ ¯ÖúŸÖß Æîü †Öî¸ü ¯Öß»Öê ´ÖÖê—Öêú ¾ÖßÂÖÖÖã ¸üÖêÖ
¯ÖÏ×ŸÖ¸üÖú ³Öß Æîü … ´ÖÆüÖ¸üÖÂ™Òü úß ¸üÖ•µÖ ²Öß•Ö ÃÖ×´Ö×ŸÖ −Öê ÃÖÖêµÖÖ²Öß−Ö êú ™üß ‹ ‹´Ö ‹ÃÖ -38 úß ×úÃ´Ö úÖê ×¾Ö¤ü³ÖÔ Öê¡Ö ´Öë ¾ÖÖ×ÖÛ•µÖú
éú×ÂÖ ÆêüŸÖã •ÖÖ¸üß ×úµÖÖ Æîü …
™üß ²Öß ¯Öß ²ÖÖµÖÖê ›üßÖÏêØ›üÖ ×•Ö¾ÖÖÖã êú ˆ¯Ö³Öê¤ü úÖ ¯Öé£ÖŒú−Ö ×úµÖÖ ÖµÖÖ Æîü … ÃÖ×ÎúµÖ †¯Ö×¿ÖÂ™ü ÃÖê µÖæ¸êü×−ÖµÖ´Ö êú •Öî¾Ö †¾ÖÖê¯ÖÖ ÆêüŸÖã
‹ú ˆ““ÖŸÖ´Ö ¸êü×›üµÖÖê ¯ÖÏ×ŸÖ¸Öß ×•Ö¾ÖÖÖã úÖê †−Öã¾ÖÖÓ×¿Öú ºþ¯Ö ÃÖê ŸÖîµÖÖ¸ü ×úµÖÖ ÖµÖÖ …
Öî×»ÖµÖ´Ö ‹¾ÖÓ †ÖÃÖì×−Öú êú †×ŸÖ¿Öã×¨üú¸üÖ ÆêüŸÖ ´Öî™-»Öî²Ö ÃÖã×¾Ö¬ÖÖ úÖ ú´Öß¿Ö−Ö−Ö ×úµÖÖ ÖµÖÖ … †−Öêú ¯ÖÏúÖ¸ü êú ‡»ÖêŒ™òÒüÖ×−Öú ‹¾ÖÓ
†¬ÖÔ“ÖÖ»Öú †−Öã¯ÖÏµÖÖêÖÖë êú ×»Ö‹ 6 ‹−Ö ‹¾ÖÓ 7‹−Ö úß ¿Öã¨üŸÖÖ ¾ÖÖ»Öê †ÖÃÖì×−Öú ŸÖ£ÖÖ Öî×»ÖµÖ´Ö êú ×»Ö‹ êú ˆŸ¯ÖÖ¤ü−Ö ÆêüŸÖã Ö´ÖŸÖÖ úÖ
¯ÖÏ´ÖÖÖ−Ö ×úµÖÖ ÖµÖÖ … ØÃÖÖ»êÖ™-ü†ÖòŒÃßÖ•Ö−Ö ¯ÖÏê×¸üŸÖ ¸üÃÖÖµÖ×−Öú †×³Ö×ÎúµÖÖ†Öë êú †¬µÖµÖ−Ö ÆêüŸÖã ÃÖã×¾Ö¬ÖÖ úÖ Ã£ÖÖ¯Ö−ÖÖ ×úµÖÖ ÖµÖÖ …
µÖÆü ×¾Ö×³Ö®Ö •Öî×¾Öú ‹¾ÖÓ ³ÖêÂÖ•Öß †−Öã¯ÖÏµÖÖêÖÖë êú ×»Ö‹ ˆ¯ÖµÖÖêÖß ¸üÆêüÖÖ …
¯Ö¤üÖ£ÖÔ ÃÖÓÃÖÖ¬Ö−Ö ´Öë ´ÖÆüŸ¾Ö¯ÖæÖÔ ×¾ÖúÖÃÖ ´Öë −ÖµÖê ¯ÖÏúÖ¸ü êú ‡»ÖêŒ™ÒüÖê»ÖÖµÖ×úú ÃÖî»Ö ´Öë †×³Ö×ÎúµÖÖŸ´Öú ‹¾ÖÓ ¯Ö¸üÖ¾ÖŸÖÔú ¬ÖÖŸÖã†Öë êú šüÖêÃÖ
†ÖòŒÃÖÖ‡Ô›üÖë êú ÃÖß¬Öê ‡»ÖêŒ™ÒüÖê»Öî×™üú †¯ÖÖšü−Ö úß ÃÖÓ³ÖÖ¾Ö−ÖÖ úÖ ×−Ö¤ü¿ÖÔ−Ö, •Ö¸üúÖê×−ÖµÖ´Ö µÖãŒŸÖ ×´Ö»Ö ÃÎòú¯Ö •Ö¸üúÖê×−ÖµÖ´Ö ×ÎúÃ™ü»Ö
²ÖÖ¸ü êú ˆŸ¯ÖÖ¤ü−Ö ‹¾ÖÓ šüÖêÃÖ †ÖŒÃÖÖ‡›ü ‡Õ¬Ö−Ö úÖê×¿ÖúÖ†Öë êú ÃÖ³Öß ¯Ö¤üÖ£ÖÔ ¬ÖÖ¸üúÖë úÖ ×¾ÖúÖÃÖ ³Öß ¿ÖÖ×´Ö»Ö Æîü … ×ÃÖ»ÖßúÖò−Ö úÖ²ÖÖÔ‡›ü,
²ÖÖê¸üÖò−Ö úÖ²ÖÖÔ‡›ü ‹¾ÖÓ ãú”û ¯Ö¸üÖ¾ÖŸÖá ¬ÖÖŸÖã ²ÖÖê¸üÖ‡›üÖë êú ´ÖÖê−ÖÖê×»Ö×£Öú ²»ÖÖú êú ˆŸ¯ÖÖ¤ü−Ö úß “Öã−ÖÖîŸÖß úÖ ÃÖ±ú»ÖŸÖÖ ¯Öæ¾ÖÔú ÃÖÖ´Ö−ÖÖ
×úµÖÖ … −ÖÖ×³ÖúßµÖ ‡Õ¬Ö−Ö “ÖÎú êú †ÖÏ ‹¾ÖÓ ¯Ö¿“Ö ¤üÖê−ÖÖë ³ÖÖÖÖë ÆêüŸÖã −ÖµÖê úÖ²ÖÔ×−Öú ×¾Ö»ÖµÖúÖë úÖ ÃÖÓ¿»ÖêÂÖÖ ×úµÖÖ ÖµÖÖ … ˆ““Ö
ŸÖÖ¯Ö´ÖÖ−Ö ÆêüŸÖã ˆ¯ÖµÖãŒŸÖ −Ö‡Ô Œ»ÖîØ›üÖ ×´ÖÁÖ¬ÖÖŸÖã úß ÖÖê•Ö ´Öë ˆ““Ö ²Ö−ÖÔ†¯Ö †ÖÓ×¿Öú Œ¾Ö£Ö−Ö ¯Ö×¸üÛÃ£Ö×ŸÖµÖÖë,•Öê›ü†Ö¸ü-‹−Ö²Öß-‹ÃÖ‹−Ö‹±ú‡Ô †Ö¬ÖÖ×¸üŸÖ ×«üú´Öá, ×¡Öú´Öá ‹¾ÖÓ “ÖÖîú´Öá ×´ÖÁÖ¬ÖÖŸÖã†Öë úß ‹ú ÁÖéÓÖ»ÖÖ ŸÖîµÖÖ¸ü ú¸ü ˆ−ÖúÖ †×³Ö»ÖÖÖ−Ö ×úµÖÖ
ÖµÖÖ …
³ÖÖ¸üŸÖ ´Öë ÃÖ¾ÖÔ¯ÖÏ£Ö´Ö ×¾ÖÂÖ´ÖÖÖã »Öê×¯ÖŸÖ ²Ö×Œ´Ö−ÃÖ™ü¸ü ±ãú»Ö¸üß−Ö −ÖÖ´Öú ‹ú ¾ÖéÆüŸÖ •Ö×™ü»Ö ¯ÖÏÖÖ»Öß ÆêüŸÖã 128 ¯ÖÏÖêÃÖêÃÖ¸ü †−Öã¯Ö´Ö-†¹ýÖÖ
ÃÖ´ÖÖ−ŸÖ¸ü ÃÖã¯Ö¸ü Óú¯µÖæ™ü¸ü úÖ ¯ÖÏµÖÖêÖ ú¸üŸÖê Æãü‹ ¯ÖÏÖ¸Óü³Ö ÃÖê †ÖÛ¾Öú Ö×ŸÖú †¬µÖµÖ−Ö ×úµÖê ÖµÖê …
‡ÃÖ ¾ÖÂÖÔ ³ÖÖî×ŸÖú ×¾Ö–ÖÖ−Ö ÃÖê ÃÖÓ²ÖÓ×¬ÖŸÖ †−ÖãÃÖÓ¬ÖÖ−Ö ‹¾ÖÓ ×¾ÖúÖÃÖ úÖµÖÖí −Öê ‹ú −Ö¾Öß−Ö ˆ““ÖŸÖÖ ¯ÖÏÖ¯ŸÖ úß … ‹ÃÖ‹± ú6 ÖîÃÖ úÖ ¯ÖÏµÖÖêÖ
ú¸üŸÖê Æãü‹ 475 ‹´Ö¾Öß ¯Ö¸ü ‹ú Ã¾Ö¤êü¿Öß ±úÖê×™üµÖÖ ÃÖã×¾Ö¬ÖÖ úÖ ¯ÖÏ“ÖÖ»Ö−Ö Æãü†Ö … ‡ÃÖ ÖîÃÖ úß ™üÙ´Ö−Ö»Ö ¾ÖÖê»™üŸÖÖ úÖ †×³Öú»¯Ö−Ö ´ÖÖ−Ö
80% êú ×−Öú™ü Æîü … 1.064 ´ÖÖ‡ÎúÖò−Ö ¯Ö¸ü 300-800 ¯Öß ‹ÃÖ †¾Ö×¬Ö ´Öë 1.50 ‹´Ö •Öê ‰ú•ÖÖÔ ¤êü−Öê ¾ÖÖ»Öê ‹ú ˆ““Ö ¿ÖÛŒŸÖ »ÖêÃÖ¸ü
ˆŸ¯ÖÖ¤ü−Ö ú¸ü−Öê ¾ÖÖ»Öê ‹ú †−ÖãúÖ×¸üŸÖ ×²ÖÎ»Öæ‡−Ö ¯ÖÏúßÖÔ−Ö ( ‹ÃÖ ²Öß ‹ÃÖ ) ÃÖ´¯Öß×›ŸÖ ‹−Ö›üß:ü¾ÖÖ‡Ô ‹ •Öß ¤üÖê»Öú úÖ »Öê•Ö¸ü ¿ÖÖòú
¯ÖÏµÖêÖÖ¿ÖÖ»ÖÖ ´Öë Ã£ÖÖ×¯ÖŸÖ ×úµÖÖ ÖµÖÖ …
‡−Ö ¯ÖÏÖîªÖê×Ö×úµÖÖë êú ×¾ÖúÖÃÖ úß “Öã−ÖÖî×ŸÖµÖÖÑ ²ÖÆãüŸÖ ×¾Ö¿ÖÖ»Ö Æïü †Öî¸ü †¯Ö−Öê µÖã¾ÖÖ ÃÖÖ×£ÖµÖÖë úß ´Ö¤ü¤ü ÃÖê Æü´Ö †¾Ö¿µÖ Æüß ‡−Ö “Öã−ÖÖî×ŸÖµÖÖë
úÖê Ã¾ÖßúÖ¸ü ú¸ü ÃÖëúÖê …
×´Ö¡ÖÖë, ´Öï−Öê ³ÖÖ.¯Ö.†. ëú¦ü «üÖ¸üÖ ×¯Ö”û»Öê ¾ÖÂÖÔ úß ãú”û Æüß ´ÖÆüŸ¾Ö¯ÖæÖÔ ˆ¯Ö»ÖÛ²¬ÖµÖÖë ŸÖ£ÖÖ ×¾ÖúÖÃÖ úÖµÖÖí úÖ ¾ÖÖÔ−Ö µÖÆüÖÑ ×úµÖÖ Æîü … ´Öï
‡ÃÖ †¾ÖÃÖ¸ü úÖ »ÖÖ³Ö ˆšüÖŸÖê Æãü‹ †Ö¯Ö ÃÖ³Öß êú ÃÖ´ÖÙ¯ÖŸÖ ‹¾ÖÓ ÃÖŸÖŸÖ ¯ÖÏµÖÖÃÖÖë êú ×»Ö‹ ²Ö¬ÖÖ‡Ô ¤æÑüÖÖ ×•Ö−Öêú ×²Ö−ÖÖ µÖÆü ˆ¯Ö»Ö×²¬ÖµÖÖÑ
ÃÖÓ³Ö¾Ö −ÖÆüà £Öß …
ÃÖ±ú»ÖŸÖÖ ‹¾ÖÓ ˆŸéúÂ™üŸÖÖ ³ÖÖ.¯Ö.†. ëú¦ü úß ¯ÖÆü“ÖÖ−Ö Æîü†Öî¸ü Æü´Öë ‡ÃÖê µÖ£ÖÖÃÖÓ³Ö¾Ö †ÖÖê ³Öß ²Ö¸üú¸üÖ¸ü ¸üÖ−ÖÖ Æîü …
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Introduction
Safe operation of a nuclear reactor depends to a
large extent on the behaviour of different fission
products generated within the fuel. While most of
the fission products settle down as dissolved
state in the fuel matrix or as separate phases, the
gaseous products, xenon(Xe), and krypton(Kr),
and the volatile products, iodine(I), tellurium(Te),
cesium(Cs), and rubidium(Rb), undergo transport
and redistribution in the fuel pin [1]. The
redistribution leads to significant release of
the gases and volatiles from the fuel,
and accumulation of the released species
at the boundary regions with clad (Fig.1).

Fig. 1 General view of fission products (f.p). distribution in
PWR fuel at high burn up.

The released volatiles mostly concentrate at fuelclad gap, while the gases expand further filling up
the plenum region. The combined fission yield of
stable and long-lived isotopes of Xe and Kr is
25-30%. At a typical irradiation level of 10,000
MWD/T of UO2 fuel, every 1 ml of fuel produces
3 ml of these gases at normal temperature and

pressure. Table-1 gives approximate atom yields
of Xe and Kr, I and Te, Cs and Rb per 100
fissions. A significant fraction of the accumulated
xenon originates as the decay products of the
less stable parent isotopes of the two volatile
fission products (e.g., 131I, 133I, 132Te). The gas
accumulation results in pneumatic pressure built
up in the fuel pin assembly and, also, decreases
the effectiveness of heat transport of helium gas
filling the fuel-clad gap. With the progressive
release of the noble gases, the fuel operates at
increasingly higher temperatures due to the
decreasing effectiveness of heat transport. The
volatiles on the other hand can result in clad
corrosion and, also, pose radiological hazard
problem in the event of accidental release of
iodine and tellurium to the surroundings.
Table 1: Fission yields of gaseous and
volatile elements
Fuel types
Xe +Kr Cs +
I + Te
Rb
PWR
22
24
4
235
( U fuel)
PWR (MOX fuel 24
22
4
PuO2~30%)
AHWR (233U
32
20
6
fuel)
FBR
24
22
4
239
( Pu fuel)
It is well known that the volatiles released from
the fuel are deposited on inner surface of clad
and cause brittle fracturing and stress corrosion
cracking of the claddings, particularly when the

clad makes stressed contact with the fuel matrix
swelled out of the retained gases and other
fission products. The micrographic section of a
typically observed clad failure is placed opposite
(Fig. 2). The clad develops brittleness by alloying
with Te and other volatile metals and metalloids,
(Te, Sn, Cd, Sb, In), and through the precipitation
of bulky phases like molybdates, zirconates/
chromates along grain boundaries of zircaloy/
steel clads. SCC failure of zircaloy clad can be
predominantly due to exposure to elemental
iodine vapor that weakens the mechanical
strength of the clad by transport and redeposition
of zirconium through formation of its volatile
iodides.

matrix envisaged as the fuel for advanced heavy
water reactors in the third phase of the nuclear
energy programme in India [4]. The fluorite
lattices of urania and thoria are likely to impart
diverse influences on the diffusion behaviours of
electronegative species such as I and Te. The
diversity arises from the ability of U to deviate
from its tetra valency while forming activated
complex with the diffusing species.
This article describes results of some of the
investigations carried out at Applied Chemistry
Division, BARC, to study the release kinetics of
the gaseous fission product xenon and the
volatiles, iodine and tellurium, in thoria based fuel
materials. Before describing the results and the
conclusion made thereof, a brief mention is made
about the basics of the transport and release
processes, the experimental techniques and the
evaluation procedures involved in the analysis of
the transport properties.

Fission Gas/Volatile Fission Products :
Transport and Release Processes

Fig. 2 Typical micrographic image of irradiated PWR
fuel pin’s section showing the clad failure

The knowledge of various transport processes
that govern the redistribution behavior of the
fission gases and volatiles is very important for
predicting fuel-clad integrity. Detailed studies on
their transport properties are necessary to
understand the extent of their release from the
matrix and to establish confidence in the fuel
performance under all irradiation conditions, in
particular the cause and limits of fuel failure.
A good amount of work has been carried out for
the last few decades in urania and plutonia based
fuels and the diffusional properties of fission
gases and volatiles are reported [1-3].
However, this is not the case for a thoria-based

The processes responsible for the escape of
fission gases and volatiles can be classified as
fission recoil, knock-out, thermal diffusion and
others such as pore sweeping and crack
propagation in the matrix [1]. During irradiation,
all these processes take place in combination.
The fission recoil and knock-out processes are
primarily governed by the kinetic energies of the
fission products and result in stepwise
displacements (recoil length <10 µm) of the
product atoms. They play dominant role in the
gas release from the peripheral region of fuel pin
at low temperatures. Thermal diffusion, on the
other hand, imparts sustained advancements of
the species under steep temperature and
concentration gradient towards the boundary for
their ultimate release from the matrix. The center
to periphery temperatures generally remains
1200 to 500 K for thermal reactor fuel-pin (~10
mm diameter), and 1800 to 900 K for fast reactor
fuel-pin (~5 mm diameter). Under the usual
operating temperatures of fuel, the primary

mechanism of the transports and releases of the
fission gas and volatiles is known to be the
thermal diffusion through lattice and grain
boundaries. The diffusion rate in the either paths
of release is exponentially dependent on
temperature, because the diffusion coefficient
grows as D = D0 exp(-Q/RT), D0 and Q
respectively being the jump frequency and the
energy barrier for atoms undergoing diffusion.
Derivation of this equation and discussion of
various type of diffusion can be found in various
places in literature [5].

Fig. 3 Typical micrographs of PWR fuel pin at high burn
up.

Fig 4. Xe profile across PWR fuel pin

The thermal transport and release properties of
the fission gases (Xe, Kr) and the volatiles (I, Te,
Cs, Rb) depend on their physico-chemical states.
The inert gases having very little solubility remain
dispersed in the polycrystalline matrix mostly as
micro-bubbles inside fuel matrix [1]. Xe depletion
from central part of the fuel pin results in the two
distinct regions in the micrographic section in
Fig.3a. Magnified view of the dispersed bubbles
in the peripheral region of the fuel pin is shown in
Fig.3b. Electron probe micro-analysis of the Xe

profile across the burnt fuel rod corroborates to
the Xe-depletion in the central region (Fig. 4).
The gas atoms transport leading to their final
release at fuel-clad interface occurs through the
combined paths of diffusion, migration via micro
cracks, and thermal sweeping of micro pores and
grain boundaries themselves. The atoms residing
within grains diffuse intra-granularly under their
concentration as well as temperature gradients to
reach grain boundaries, voids and micro cracks,
where they can accumulate as gas phase. Then
they can either undergo resolution inside the
grain by impact of fission fragments, or get
transported further out by the combined paths.
Grain boundary transport is easier in general than
the intra grain transport.
The volatiles unlike the gases are not inert to the
fuel matrix and to the other fission products.
Transport paths of the volatiles are the same as
those of the gases, but the driving forces for
diffusions are gradients of their chemical
potentials, the thermodynamic measures of
reactivity of the diffusing species in their various
chemical states. Under the gradients, the volatile
species are transported from one region of
concentration and temperature to another in
attaining states of lower potential. Elemental
iodine as well as iodides of the alkali metals Cs
and Rb has very little solubilities occupying the
interstices and ionic vacancies in the fuel lattice.
Like the gases, they remain mainly dispersed in
the lattice, grain boundaries, voids, and
microcracks. Tellurium behaves in same way as
iodine, but a significant fraction of Te remains
dissolved in the alloy phases of the fission
products Pd, Ru, Rh and Mo.
In order to analyse the release processes of the
gas and volatile species from their complex
states inside the fuel matrix, it is necessary to
measure the temperature dependent transport
kinetics of the species [1,3]. For this, the matrix
should have well defined physical characteristics
such as bulk density, porosities, specific surface
area and initial concentrations of the diffusing

species. The geometry and the boundary
conditions involved in carrying out the diffusional
transports of the species should be known.

Experimental Techniques for the
measurement of Thermal Transport
Process
Techniques for determination of the gaseous
fission products from fuel materials fall into two
major groups : (i) in-pile measurements during
irradiation in reactor, and (ii) out of pile or post
irradiation
measurements
at
various
temperatures. Although the in-pile measurement
technique is useful, it is more complex and
difficult to perform. It requires elaborate
arrangements for placing the fuel specimen with
the heating assembly in the suitable neutron
beam hole position of the reactor and
continuously sweeping the evolved species with a
carrier gas over the specimen. In the out of pile
measurements, the most commonly used
techniques are ‘puncture test’ for gaseous
release analysis, concentration profiling and post
irradiation annealing of fuel samples. In the
puncture test experiments, the irradiated
capsules are taken into a hot cell where they are
punctured with a tube piercing valve. The gases
released from the punctured capsule are
collected in traps and analysed by radioactive
measurements. The concentration profiling
techniques are commonly used to know the net
distribution of the fission products across radial
and longitudinal sections of reactor irradiated
fuels. Usually radiometric scanning is made for
the purpose. The conventional means of
chemical and radiochemical assay on microdrilled samples are also used, though it is less
effective for determining the concentration
profiles of gases and volatiles. A more sensitive
technique for the gases and volatile fission
products uses laser or particle beams to knock
out the atoms from micrometer regions of the fuel
sample, and the ejected atoms are measured
with the help of mass spectrometric or
radiometric techniques. Post irradiation annealing
(PIA) experiments are widely employed for

determining the transport and release of fission
gases from fuel materials. The experiments are
relatively simple and easy to perform to evaluate
the diffusion parameters as a function of
temperature, irradiation dose and bulk/grain
density of fuel sample.

Fig. 5 Schematic of PIA setup for Xe release

In post-irradiation annealing experiments, the
specimen irradiated to a known dose is thermally
annealed at elevated temperatures of interest
and the quantity of a fission product released is
measured with radiation detectors. The released
gases can be transported by a carrier gas to
cooler region where they can be adsorbed in
activated charcoal trap cooled in liquid air and
placed above the radiation detector for monitoring
their activities (e.g., 133Xe with t1/2 5.25 d). The
arrangement is schematically shown in Fig. 5.

Fig. 6 Schematic of PIA setup for I/Te release

This arrangement cannot be applied to
the volatile fission products (e.g. I, Te)
as they significantly condense in the
transport line before reaching the
charcoal trap in the down stream.
However, by indigenous development
in the basic design of the apparatus,
the
post-irradiation
annealing
technique could be adopted for the
transport property measurements of
volatile fission products too. The
design
novelty
(schematically
represented in Fig. 6) involved
annealing the sample at high
temperatures in a high vacuum
apparatus, and collecting the evolved
volatiles on hot copper foil-targets
where iodine and tellurium got
chemical fixed as copper iodide and
telluride respectively. Copper target
kept at 673 K received a definite
fraction of the atomic beams of I and
Te emerging from the orifice of a
isothermally heated Knudsen cell
containing the fuel sample. The
collected fractions of the volatiles were
radiochemically analyzed for their 131I
(t1/2 8.02 d), and 132Te (t1/2 76.3 h)
isotopic contents by using HPGe
detector coupled to a multichannel
analyzer. The released fraction of I
and Te were then evaluated
considering the collection efficiencies of
the respective species obtained by
independent experiements with the
help of proper standards. The
photographs of the two different PIA
setups together with the HPGe detector
with MCA assembly are included in the
experimental section (Fig. 7a, b, and c).

Fig. 7a PIA experimental setup for Xe release studies

Fig.7b HPGe with MCA facility

For evaluating the fractional release of
the gases and the volatiles, the
changes in their active isotopic
concentrations by decay process
Fig. 7c PIA experimental setup for I and Te release studies

during the study are to be properly accounted.
The release data are used to derive the transport
property ‘D’ using statistical model.

Sample Characteristics and its
Correlation with Statistical Model used
for Analysis of the Transport Kinetics
Interpretation of diffusion property from
measurement of cumulative release kinetics of
fission products requires sample characteristics
in conformity with modelling used for the purpose.
The fuel sample is taken in a form with known
initial concentration profiles of the diffusing
species in a given geometry. A sintered pellet
behaves as semi porous matrix wherein the
transport leading to release of a species occurs in
the mixed modes of thermal diffusion and
physical migration in pores. The derivation of
thermal diffusion coefficient with pellet specimen
of poorly defined porosity distribution is more
difficult than with small granular particles of very
high grain density with known particle size
distribution and specific surface area. Granular
particles derived out of the highly sintered pellet
through grinding and size-selective sieving
processes hardly have left over porosities to pose
the difficulty.
Pioneering work of Booth [6] is generally
accepted as the most reasonable model for
analysing the release of fission gases and
volatiles from oxide fuels of the type UO2. It
assumes that uniform spheres of theoretical
density can represent the granular particles, and,
even the sintered pellets with the same total
surface area to volume ratio as that of the
samples. The equivalent sphere radius a for a
sample of specific surface area S is given by the
relation, a = 3 /( ρS ) where ρ is theoretical
density of fuel. The ρ values for urania and
thoria fuels are respectively 10.96 gcm-3, and
10.00 gcm-3. Specific surface S for the
particulates depends on grain size and shape
and density. The ceramic fuel samples with their
densities approaching the theoretical values have

quite low specific surface areas (50-250 cm2
gm-1). S is generally measured by sensitive BET
surface analyzer using krypton gas. The a value
could be calculated using the above formula.
After representing the statistical system with
spheres of known radius, the analysis of transport
kinetics for the thermal release reduces to solving
diffusion equation in the spherical geometry. The
solution attains simplicity when the initial
concentrations of the fission products are uniform
in the sphere. This is usually attained when the
sample is homogenously irradiated at low
temperature. For the cases of low cumulative
fractional release f (below 20%), the diffusion
analysis yields the simple correlation that the
chronological growth of f is parabolic in time as
f = 6 ( Dt / π a 2 )1 / 2 . Low release rate of the
species in practice enables one to establish the
linear relationship of f versus t . In the post
irradiation annealing experiments, the diffusivity
values D are evaluated from the observed
slopes of the linear plots of f versus t of the
species using the equivalent sphere radius a of
the granular samples. The simple evaluation
procedure described for the kinetic property ( D )
undergoes modification at high irradiation doses
where there is significant micro structural
changes of the fuel matrix through gas bubbles
formations and resolutions, and also through the
grain boundary sweeping. The release
characteristics of a species is evaluated
considering the measured D values together with
the knowledge of the other kinetic parameters of
the gas resolution, grain boundary sweeping and
gas atom trapping in microbubbles [1].

Experiments and Results
Xenon release: Post-irradiation annealing
experiments were made on thoria based fuel
samples containing respectively 0.1 wt% and 1.0
wt% urania. The urania component was enriched
with 235U fissile isotope to the extent of 93%. Two
types of (Th,U) O2 fuel specimens were made for

the purpose. The first type was sintered pellets of
theoretical densities ranging from 67 to 94%. The
second type was powder specimens prepared by
crushing the sintered high density pellets and
then sieving to extract the particle size in the
range of 37-45 µm. The average density as well
as porosity of these specimens was measured by
the CCl4 liquid displacement method. The total
surface area was measured by the BET
technique and the equivalent spherical radus a
for the particles was calculated. The a value
calculated from the measured BET surface area
of 240 cm2 g-1 was 12.5µm (Table 2).

release, the total Xe133 initially in the specimen
must be known. For this, a known amount of the
irradiated specimen was dissolved in suitable
solvent and the Xe133 was adsorbed in the same
charcoal trap and the activity was recorded.
Detailed description of the equipment,
experimental procedure and the data analysis are
given elsewhere [2].

Table 2 : Characteristics of fuel samples for
PIA studies
Particle
size

Density

BET
surface

37 to 45
µm

> 95%
T.D.

240 cm2
g-1

Radius of
equivalent
sphere
12.5 µm

Typically one gram of the specimens were
irradiated in evacuated quartz ampoules in
Apsara or CIRUS at different burn-up in the range
of 2.8x1020 to 2.8x1024 fissions/m3 (0.01 to 100
MWD T-1). The sample temperature during
irradiation was estimated to be less than 700K.
The capsules were stored for about 7 days in
order to allow the short-lived activities to decay.
The irradiated specimens were transferred into
the furnace of the post-irradiation annealing
apparatus (schematics already shown in Fig. 5;
photograph included in Fig. 7), where they were
heated at different annealing temperatures and
the released gases were swept out with purified
helium. The gas mixture passed through
activated charcoal traps kept at liquid nitrogen
temperature. The activity due to 133Xe isotope
adsorbed in the trap was periodically counted
with a gamma ray spectrometer. The Xe133 has a
very high fission yield of about 6.5%. It is a
gamma emitter with a photo peak at 81 keV and
with a half life of 5.27 days. The activity data
obtained are considered as representative of
other isotopes of the fission product xenon
released. In order to calculate the fractional

Fig. 8a Typical release behaviour of Xe133 at lower
annealing temperatures of thoria fuel.

Fig. 8b Typical release behavior of Xe133 at higher
irradiation doses

A typical release behaviour of Xe133 from a
90%T.D. sintered pellet at different ranges of the
anneal temperature is shown in Fig. 8a & b. The
isothermal cumulative release grow nonlinearly to
reach apparently a plateau region at the lower
temperatures (Fig. 8a) where the steady state
release is negligibly small; the non-linear growth
is due to the initial burst-release [2]. At higher
temperatures, the steady state release becomes
prominent to show linear increase of the
cumulative release with time as given in Fig.8b.

The apparent diffusivity D’= D/a2) was calculated
from the slope of the steady state part obtained
during six hours annealing time at each
temperature. Temperature dependence of
diffusivity was found to obey the Arrhenius
relation. Typical Arrhenius plots obtained with
high density powder samples are shown in Fig.9.

Fig.10 Burn-up dependence Xe transport property

Fig .9 Temperature dependence of thermal diffusivity
of Xe in thoria matrix

The activation energy values were evaluated
from the plot of log D’ vs 1/T and found to be in
the range of 196-242 kJ mol-1 which support the
mechanism of atomic migration of xenon through
the interstitials in ThO2 lattice [3]. The study with
the varying densities of fuel samples showed that
the extent of burst release and the diffusivity
steeply fall to their limiting values as the density
rises above 90%. Sharp fall in open porosity and
surface area are mainly responsible for this. The
study was extended to trivalent metal oxide
(Y2O3) doped fuel samples. The nominal fall of
the Xe diffusivity in the doped samples supported
the absence of the inert gas migration through
cation or anion vacancies [3].
The other investigations which was carried out in
this laboratory (Naik et al.[3]) was the study on
the effect of burn up on the release kinetics of
xenon in ThO2 (1273 - 1673K). It was observed
that the diffusivity and the initial burst release are
more or less dose independent up to the value of
2x1021 fissions m3, and above it, they fall
significantly to level off again beyond a dose of
1023 fissions/m3 (Fig.10). The leveling of Xe
transport at higher burn-up was explained on the

assumption that at high dose irradiation a part of
gas atoms are immobilized at the radiation
induced trapping centres. The fraction of trapped
gas atoms at different doses were calculated and
the damaged, or, void volume per fission, were
obtained (2-3x10-23 m3/fission) for the ThO2
matrix. The temperature trends of the measured
diffusivities of Xe at the different doses were
evaluated. The Arrhenius plot of DXe values at
higher dose of 1.38x1024 fissions/m3 (Fig 9)
showed two linear regions; the 41-50 kJ mol-1
higher slope in the upper temperature region is
due to increase in the activation energy in the
absence of radiation induced defects that
annealed out at the higher temperatures. A
similar effect was observed by Kaimal et al. [2] in
the case of pure UO2 also as shown by the plot
‘c’ in Fig 9.
Iodine and Tellurium release: Procedurally, the
experimental steps in I and Te release were
similar to those followed in the case of Xe.
Sintered high density pellets of thoria-2mol%
urania were used to prepare powder samples
with particle size of 37-45 µm, grain density
>95% of theoretical value, and BET surface of
240 cm2 g-1. Following the trace-irradiation at a
dose of 5 x 1020 fission m-3, and then cooling for
seven days, the samples were annealed at
different temperatures 1200-1800 K in the PIA
apparatus described earlier (Fig. 6). The
photograph of the setup developed and used for
the purpose is included in Fig. 7. Iodine and
tellurium released from the sample inside a

molybdenum Knudsen cell and effused out of the
orifice were directed upwards through a molyduct to get collected on hot copper foils as Cuiodide and telluride respectively. The collection
efficiencies for the two species were precalibrated using standards. Radiochemical
analysis of 131I and 132Te in the collected deposits
and in the fuel samples gave the values of
fractional releases of the species.

values are responsible for the slower transports
of the species in the fuel. This is particularly true
for iodine that encounters smaller energy barrier
exhibited by the lesser steep slope in the
Arrhenius plot. The too low frequency factor of I
in thoria could suppress the positive effect of the
smaller barrier energy in diffusion. As compared
to the case of urania, the smaller barrier energy
and lower frequency factor derived for I are likely
to be due to the inability of Th acquiring higher
valency than four. As a result, thoria lattice
cannot provide stability of I as iodide ion in its
interstitial sites.

Summary

Fig. 11 Temperature dependence of diffusivities of
I and Te in thoria-2mol% urania fuel.

Stepwise isothermal annealing showed nonlinear
and linear parts of the cumulative release
behaviours of I and Te akin to that evidenced in
Xe release. Similar to the Xe case, the values of
transport coefficients for I and Te were derived
from the linear part of cumulative release of the
respective species as a function of √time. Since
the concentrations of I and Te in the trace
irradiated samples were very low, the obtained
values essentially represented the single atom
diffusion coefficients of the species at the
different temperatures. This was also true for the
Xe diffusion studied. Arrhenius plots of the
transport properties were made to derive the
diffusion parameters D0 and Q of the species [7].
The plots are represented in Fig. 11. For
comparison sake, the reported behaviours of I
and Te in pure urania fuel matrix [8] are included
in the same figure. The figure suggests that both
the volatile species are seen to have slower
transports in thoria than in urania. The intercepts
in Fig.11 representing the frequency factors D0 for
the respective species are seen to be
significantly lower in the thoria fuel. The low D0

The transport and release properties of xenon,
iodine and tellurium in trace-irradiated thoria fuel
matrix were studied using the PIA technique
developed in the laboratory. Isothermal annealing
of the matrix showed parabolic growth of the
cumulative release of the species with time. The
results were compared with those of urania
observed in this as well as other laboratories
[2,3,8]. The study revealed that the transport and
release behavior of the inert gas Xe is similar,
but, those of the two electronegative elements
differ in the two fuel matrices. The most likely
reason of the difference stems from the inability
of Th acquiring higher valency than four, unlike
the case of U. The single atom diffusion
coefficients of the species generated in the virgin
fuel matrix over a wide temperature range will be
used as key parameters in the simulation
analysis of fuel performance of the Advanced
Heavy Water Reactor. Currently, effort is made to
generate the transport data in simulated fuel of
high burnup. For further reading in details the
readers may refer to the publications given in the
references [1-9].
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TEST AND MONITORING SYSTEM FOR PLANT
CONTROL & INSTRUMENTATION (C&l)
Shantanu Das, M.M. Maiti and B.B. Biswas
Reactor Control Division

Introduction
Plant control & instrumentation system gets
physical parametric representations as standard
current signals (4-20mA). These signals are
utilised by various systems like: interlock,
regulating, safety, data acquisition and
comparator systems for control, safety and
instrumentation purposes. Specifically, various
comparators compare the incoming 4-20mA
signals against stored/set "set points" and create
outputs for plant safety, regulation, interlock
or/and operation.
Preventive maintenance of plant C&I system,
comprising of thousands of 4-20mA current
loops, is a very cumbersome time-consuming and
laborious process. The maintenance personnel
have to remove the 4-20mA field signal, then
connect a standard calibrator current source and
carry out the functional check of the system. After
this procedure, the field wires have to be restored
in the same terminal block. This is
prone to errors as there always exists a

probability of loose connections and wrong
connections.
An instrument is thus designed and developed to
overcome the above maintenance difficulties and
to test and monitor plant C&I systems on line,
with live transmitter current (4-20mA). This
technology has been transferred to private
entrepreneurs by BARC and is having (pending)
patent No. MUM/282/200l. In this write up, the
novelty of this scheme is described. Prototype
has been given to Kaiga Atomic Power Project in
1999 for plant C&I maintenance and on-line
calibration.

Principle of Operation
From the field, the plant parameters like
pressure, temperature, neutronics etc are
proportionately transmitted via 4-20mA current
signals. This current per parameter is observed
via many terminator resistors by as many
systems (limited though by compliance voltage).
Refer Fig.1 for such type of electrical connection

showing A, B, C as three different observers
(systems) on the same process current loop.

Advantages of this Novel Scheme
i)

Fig.1 Principle of operation

The instrument is a floating current pump/sink
configuration and, say, when connected across
System Under Test (SUT) in Fig. 1 is B, sources
or sinks balance current as demanded by
maintenance engineer. Say, at the instance, the
transmitter is giving 12mA as guided by process
variable (say, pressure 100 bars), Systems A and
C will show 12mA current (or 100 bars) but SUT,
being system B, will show the dialed demanded
current. Say, for maintenance and calibration, the
dialed value is 4mA, then the instrument will sink
8 mA through it and the SUT, i.e. system B, will
observe 4 mA. If the dialed value is 16 mA, then
the instrument will pump the differential 4mA and
SUT, i.e. system B, will observe 16mA. This
dialing will not disturb the readings by systems A
and C, since they will observe 12mA
(or 100 bars).
This concept has been made as two
embodiments : (a) Hand held on line live field 420mA calibrator, (b) micro-computer based online set point servo system (OLSPSS). The basic
principle is the same for both.

Field wiring is not
disturbed
ii) Fear of loose and wrong
connections
during
maintenance does not
exist.
iii) Plant
availability
improved
as
maintenance time of C&I
calibration
drastically
reduces.
iv) Set point accuracies can
be checked by use of
servoing of test signal
near and about set point.
Servoing can be done
from 0-25mA, covering
the irrational zone too.
v) Terminator
resistor
select facility (in hand
held version) exists for
100 ohms, 250 ohms, 50
ohms or 63.2 ohms, etc as the case may be.
vi) With special integrations with the
comparators, response time can be on-line
tested for the comparator (or SUT).
vii) Micro-computer variant can be used to have
concepts of Analog Finite Impulse Testing.
viii) Ideal scheme for C&I systems online
diagnostics and ease in preventive
maintenance.
ix) Human error avoided and requires less
maintenance man-days and effort.
x) Dialing is possible through Process Variable
setting apart from mA test current setting.
xi) One signal selection at a time for avoiding
spurious plant trips on doing the process of
maintenance online while plant is working
and is operational.

Servoing of Set-Point
A specific example of this microcomputer-based
test and monitoring system, when used in
Nuclear Power Plant with Indicating Alarm Meters

(lAM), Multi-Indicating Alarm System (MIAS) for
SSS&PSS, or Programmable Digital Comparator
(PDCS), is illustrated in Fig. 2.

On-Line Set Point Servo System (OLSPSS) gives
the facility to test lAM, MIAS or PDCS & others
without disturbing the field connections. OLSPSS
provides facility to test trip
points of plant safety system by
servoing the input signal around
the set point strictly one at a
time of System Under Test
(SUT). The SUT input current is
modified such that the field loop
current remains unchanged.
The output leads are connected
across 4-20mA terminators of
the SUT. This automated
system
aids
the
plant
maintenance as wiring need not
be disconnected to calibrate or
to test safety/regulation signals.
The embedded units have the
components provided in the
block diagram of Fig.3. The
current source (pump/sink) is
routed through the relay
demultiplexor
and
gets
connected to the choiced signal
of SUT. The dialed set point
either via current (mA) set or by
process variable set is input to
the current pump/sink controller
by 14 bit DAC. The set points of
servo can be either selected by
local panel mounted key board
or remote operator Interface
terminal (via RS 232C).

Fig.2 Organisational diagram of test and monitoring system

Facility is given to the
embedded unit (TU) where
contacts can be connected from
Comparator PDCS/MIAS/IAM to
have on-line response time
check. Safety features like relay
coil current monitor, local watch
dog employed in the event of
software/hardware failure of the
embedded unit (TU) the master
relay de-energize, thereby
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Fig.3 Single embedded channel block diagram

switching off the relay de-multiplexer in order to
disconnect the TU totally from PDCS/MIAS/IAM
etc.

screws, where the plant maintenance had done
calibration and left the screws loose or sometime
wrongly connected.

Conclusion

After development of the wired prototype, the
same was given to Kaiga APP where the remarks
obtained from SME(I) were encouraging as this
hand-held instrument really did made the life of
maintenance engineer easy and tension- free.
Thereafter, the microcomputer version was
conceived and developed. Strategic facility at
IGCAR has utilised this for MIAS validation and is
also being used as set point trip unit for MIAS for
P4, for on-line diagnostic and calibration.

This technology developed is a totally indigenous
concept, and since it has been classified by
BARC as OEM product, it can be tailormade/adapted as per requirement specification.
However, the authors were prompted to develop
this type of system due to their own cumbersome
efforts to calibrate/test 384 field 4-20mA signals
during commissioning of PDCS at Kakrapar. The
initiative also was motivated by various spurious
tours to site just to tighten the terminal block

NOBEL LAUREATE VISITS BARC
Prof. Harmut Michel, Nobel Laureate (Chemistry,
1988), Director, Department of Molecular
membrane Biology, Max Plank Institute of
Biophysics, Frankfurt, Germany, visited BARC on
December 14, 2005 and gave a talk on the topic,
“Membrane protein as targets in medicine and
agriculture : New perspectives” at the Central
Complex Auditorium, BARC.
Prof. Michel described his work on membrane
protein involved in photosynthesis process and
emphasized the importance of special proteins in
cellular membrane for the functions. Structure
determination of many membrane proteins is
central to developing new technology. Modern
sophisticated tools and molecular methods have
enabled unraveling the molecular structural
details of several membrane proteins but much
remains to be done. His work has shown the
critical role proteins play in diseases, which
needs to be investigated. Post genomic era has
much to offer in terms of membrane science and

technology for developing molecular devices for
sensor and recognition processes. He also
emphasised that many patents are against the
spirit of invention and innovation. He wished the
evolution of a patent free world.
Beginning his academic career at the early age of
21 in the Biochemistry department of the
University of Tubingen, he worked in various
biochemistry labs at the University of Munich,
Max-Planck-Institut fur Biochemie and MaxPlanck-Gebellschaft. He received his doctoratein
June 1977 from Wurburg University. He joined
the Max-Planck-Institut for Biophysik at Frankfurt
in October 1987 as its Director. He was awarded
the Nobel Prize together with J. Deisenhofer,
Dallas, USA and R. Huber, Munich, Germany in
1988 in recognition of his seminal research on
“Crystallization of membrane proteins and the
elucidation of the three-dimensional structure of
the photosynthetic reaction centre from the purple
bacterium Rhodopseudomonas viridis”

Dr Srikumar Banerjee, Director, BARC with Prof. Harmut Michel, Director, Department of Molecular
Membrane Biology, Max Plank Institute of Biophysics, Frankfurt, Germany

NATIONAL WORKSHOP ON “ELECTRICAL IMPEDANCE
TECHNIQUES FOR MEDICAL APPLICATIONS”
A National Workshop on “Electrical Impedance
Techniques for Medical Applications, 2004
(EITMA 2004)” was held under the auspices of
Board of Research on Nuclear Sciences (BRNS),
Department of Atomic Energy, at Multipurpose
Hall, Training School Hostel, Anushaktinagar,
from September 30 to October 1, 2004. Dr S.K.
Kataria, Associate Director, E&I Group,
welcomed the dignitaries and the participants. It
was inaugurated by Dr Anil Kakodkar, Chairman,
Atomic Energy Commission and Secretary,
Department of Atomic Energy, Government of
India.

In his inaugural address, Dr Kakodkar said that
this workshop was innovative in the sense that it
had brought R&D scientists as originators, the
medical community as users, and Larsen &
Toubro Ltd. as the manufacturer on one platform.
He expressed his happiness over the successful
conversion of this technology into a commercial
product. He also cited other similar development
like cobalt brachytherapy unit and digital
radiography, which are the dire need of the day
and available for large-scale production. He
wished the workshop a grand success, as the
first step towards promotion of this technology.

Dr Anil Kakodkar, Chairman, Atomic Energy Commission & Seceretary, Govt. of India, delivering the inaugural address at the
DAE-BRNS National Workshop, EITMA 2004

In his presidential speech, Dr Srikumar Banerjee,
Director, BARC, recalled the Medical
Instrumentation programme at BARC during past
40 years. Starting with the nuclear medical
instrument like Thyroid Uptake Monitor,
Renogram, Gamma Scanner, etc., he covered
the biomedical-instrument like Electro-myograph,
Echocardiography, Magnetic Stimulator and
Impedance Plethysmography. He thanked the
medical community of Seth G.S. Medical College
and K.E.M. Hospital, Grant Medical College and
J.J. Hospital, All India Institute of Medical
Sciences, Sree Chitra Thirunal Institute of
Medical Science and Technology, King George’s
Medical University, Institute of Nuclear Medicine
and Allied Sciences and BARC Hospital for their
active collaboration with BARC on the
development of this cutting edge technology.

Mr G. Govindarajan, Director, A&M and E&I
Group, BARC, formally launched the world class
product NICOMON produced by M/s. Larsen &
Toubro Ltd. and expressed his pleasure on
seeing the BARC technology in the form of an
instrument like NICOMON.
Mr R.N. Mukhija, Senior Vice President,
Operation and Member of the Board, Larsen &
Toubro, released the compilation of work on
Impedance Plethysmography in the form of a
book entitled “Electrical Impedance and Photo
Plethysmography for Medical Applications”. He
remembered, at this occasion, the long

association of Larsen & Toubro Ltd. with
Department of Atomic Energy and welcomed the
new dimension in the present form.
In the keynote address, Dr Alaka K. Deshpande
from Grant Medical College & J.J. Hospital,
Mumbai, described her proud association with
Electronics Division, BARC, on the joint
development programme on biomedical
instruments. She described step by step
development and addition of new features in the
instrument like transition from single channel to
three channel for temporary correlation of cardiac
events; incorporation of microprocessor for
segmental blood flow studies and estimation of
differential pulse arrival time; ensemble averaging
in real time resulting in a diagnostic yield of 98%;
serial linking to PC for continuous monitoring of
cardiac
output
and
assessment of pulmonary
circulation and now the
world class product from
M/s. Larsen & Toubro Ltd.
In
addition
to
the
applications
of
these
techniques in modern
medicine, she highlighted
the use of this technique for
disease characterization,
something parallel to that of
Nadipariksha and objective
monitoring of response of
homeopathic medicines.
Mr Rohit Mehta, Head,
Medical Equipment and Systems, L&T, gave vote
of thanks towards the end of the inaugural
session.
Session 2 of the Workshop namely, “Principles
and Practices of Impedance Plethysmography”,
was chaired by Mr P.K. Talpade, Vice President,
Electronics, L&T. First speaker of the session,
Dr G.D. Jindal, BARC, described the medical
applications of impedance plethysmography,
which was followed by presentation by Dr K.K.
Deepak, AIIMS, on physiological correlates of
IPG. Mr Rajesh Kumar Jain, BARC, described

the software package being developed for
automatic analysis of impedance vasograms.
Towards the end of the session, Mr Kunal
Katdare, L&T, described the translation of
biomedical instrumentation from research lab., to
the industry.
Hands-on-experience was provided to all the
participants during session 3 of the Workshop.
Live demonstration on a subject with sub-clavian
artery block in right hand was given to all the
participants. In some demonstrations, temporary
compression of femoral artery was performed to
show that the recorded blood flow by the
instrument was close to zero. Live demonstration
on cardiac output monitoring as well as variability
study was also given.
The Session 4 of the Workshop, namely “Users’
Experience on IPG Equipments”, was chaired by
Dr S.P. Singh, Advisor, Ministry of Health
and Family Welfare. In this session, Dr K.K.
Deepak, Dr Manish Bajpai, Dr Arunoday,
Dr Niranjan Khambate, Dr P.N. Jangle and
Dr Tejashree Narkhade shared their
experience with BARC-made impedance
plethysmograph systems.

certification of biomedical instruments, financial
support from Board of Research on Nuclear
Sciences, etc.
The Workshop concluded with vote of thanks to
Board of Research on Nuclear Sciences,
participants of the Workshop and the organizers.

THEME MEETING ON THE
"EMERGING TRENDS IN
SEPARATION SCIENCE
AND TECHNOLOGY"
A two-day DAE-BRNS Theme Meeting on the
"Emerging Trends in Separation Science and
Technology (SESTEC-2004)” was organised at
BARC during July 22-23, 2004.

An exhibition of medical instruments was
arranged on 2nd day of the Workshop for
the benefit of the participants and general
public.
Anu-Med Analyzer, Photo
Transmission Rheograph, Non-Invasive
Blood Pressure Monitor and Oxygen Dr Anil Kakodkar, Chairman, Atomic Energy Commission and
Saturation Monitor from BARC, and Vital Secretary to Government of India, delivering his inaugural address at
Sign Monitor, Cosmic Monitor, Ventilator, the DAE-BRNS Theme Meeting
High end Ultrasound Machine and
It provided a platform for scientists and
Defibrillator from M/s. L & T Ltd., were exhibited.
technologists to share their experiences and
vision in the areas of metal separation,
Panel discussion chaired by Dr M.E. Yeolekar,
particularly those of relevance to DAE. There
Dean, LTMG Hospital, Sion. The panel members
were 13 invited lectures from eminent scientists
were Dr. S.K. Kataria, Dr K.K. Deepak, Mr G.R.
and engineers and about 70 posters from young
Mohan, Dr Manish Bajpai, Dr Arunoday, Prof.
scientists from various research/academic
Sarla Pandya and Prof. P.C. Pandey. In this
institutes. A few delegates from industry also
session, burning issues of biomedical
participated in the Meeting.
instrumentation were discussed, like multicentric
trials of biomedical instruments, database of
Participants were welcomed by Dr S. Banerjee,
observations on patients on a website,
Director, BARC, who also outlined the

background of the Theme Meeting. He called
upon the delegates to deliberate on the emerging
areas, particularly Membrane Separations and
Supercritical Fluid Extraction, and take up the
challenging problems related to metal
separations.

In addition, articles on the activities in the area of
Separation Science and Technologies pursued at
NFC, BRIT, NRG, BARC, HWB and a general
article by Prof. S.M. Khopkar, Emeritus
Professor, IIT, Mumbai, messages from
Chairman, AEC, Director, IGCAR, Dr M.M.
Sharma and Mr B. Bhattacharjee were
also distributed to the delegates. In a
published interview, Director, BARC,
briefly explained the R&D areas of
SST where BARC will focus in the
next few years. All the posters were
distributed in six sections, viz.
Synthesis of Reagents/Solvents, Ion
Exchange Separations, Process
Development/ Solvent Extraction,
Novel Separations, Membrane-based
Separations and Miscellaneous. There
was a session on rapporteuring where
Dr M.M. Sharma, FRS, Emeritus Professor of Eminence, UICT, delivering
senior scientists highlighted the work
the keynote address
summarised in the posters.
In his inaugural address, Dr Anil Kakodkar,
Each session was chaired by a distinguished
Chairman, AEC and Secretary, DAE, explained to
scientist. Mr D.S. Shukla, Director, ChE&T
the delegates the important role of Separation
Group, BARC, Mr P.D. Sharma, Sr. Exec.
Science and Technology in meeting the new
Director, NPCIL, Mr T.K. Haldar, Director, HWB,
challenges in the Nuclear Fuel Cycle. He
Mr R.K. Garg,
Ex-Director, CED, BARC,
highlighted the need to develop robust separation
Dr
R.H.
Iyer,
Emeritus
Scientist, CSIR, Mr H.S.
technology for the partitioning of actinides from
Kamath, Director, NFG, BARC, Prof. M.
HLW, cleaning of U-233 from
U-232 and
Mukhopadhyay, lIT, Mumbai, and Mr N.K.
recovery of U from secondary sources. The
Bansal, Assoc. Director, NRG, BARC, chaired
function was presided over by
Mr B.
different sessions.
Bhattacharjee, Special Advisor to Chairman,
AEC.
Dr M.M. Sharma, FRS, Emeritus
Professor of Eminence, UICT,
delivered a key note address on
"Emerging Trends in Separation
Science and Technology". Dr V.K.
Manchanda, Convener, SESTEC-2004
and Head, RCD, BARC, briefed the
delegates on the scope of the Meeting.
Dr Anil Kakodkar also released the
volume of the proceedings of the
SESTEC-2004, which included all
invited talks and extended abstracts of
70 posters.

Dr Anil Kakodkar, Chairman, AEC, releasing the volume of the proceedings
of the SESTEC- 2004

During the concluding session, a few topics were
identified where Separation Scientists and
Technologists, need to focus in the next few
years. They include development and use of
membranes for metal separations, actinide
partitioning and recovery of valuables from High
Level Waste (HLW) and Supercritical Fluid

Extraction. A professional body, INASAT (Indian
Association of Separation Scientists and
Technologists) was launched in the concluding
session to provide a platform to scientists and
technologists working in the area of metal ion
separations.

GRADUATION FUNCTION OF BARC TRAINING SCHOOL
The Graduation Function of 47th batch of oneyear orientation course for 105 engineering
graduates and science postgraduates was held
on August 27, 2004 at the Central Complex
Auditorium, BARC, Mumbai. Total number of
graduates passed from BARC since its inception
is 6141. Women share in the total is 7.5%.
The BARC Training School continues to play an
anchor role in training and inducting talented

candidates for the implementation of DAE
programmes and sustained growth in frontier
areas of science and technology. Homi Bhabha
prizes were given away to outstanding trainees
by Dr M.S. Valiyathan, President, INSA. Dr Anil
Kakodkar, Chairman, AEC, congratulated all the
trainee scientific officers and called upon them to
master new technologies like fast breeder reactor
technology, thorium utilisation and hybrid reactor
technology.

Seen at the graduation function are (from left to right) : Dr S. Banerjee, Director, BARC, Dr M.S. Valiyathan, President,
Indian National Science Academy, Dr Anil Kakodkar, Chairman, AEC, and Dr R.B. Grover, Director, Knowledge
Management Group, BARC

Dr S. Banerjee, Director, BARC, called upon the
trainees to be the donors of knowledge to the
society. Dr M.S. Valiyathan, in his address,
explained how the Japanese indigenised the
technology and grew as a powerful economy in
the world. He said that for industrial development,
capital, plans and regulations, and spirit of people
are essential ingredients. He called upon the

trainees to imbibe the spirit of late Dr Homi
Bhabha. Dr R.B. Grover, Director, Knowledge
Management Group, BARC, gave the welcome
address. He gave an overview of the training
programmes conducted by DAE in India. Dr Anil
Kakodkar, Chairman, AEC, on this occasion,
released the Trainee’s Journal.

40 MWe PHWR FUELLING MACHINE TEST FACILITY
INAUGURATED
On September 3, 2004, the 540 MWe PHWR
Fuelling Machine Test Facility was inaugurated
by Dr Anil Kakodkar, Chairman, AEC, at Hall No.
7 inside BARC.
Fuelling Machine heads of 540 MWe PHWR will
be tested on this test facility under simulated
conditions of pressure, temperature and flow. The
Fuelling Machine Test Facility (FMTF) has been

installed and commissioned at RTD, Hall No. 7,
BARC. This facility consists of a Full Length
Coolant Channel and associated feeder lines,
Test Carriage, Oil and Water Hydraulic Systems
for operating various actuators of FM and Test
Carriage and Electrical/Electronic Instrumentation
and Control System.

Mr R.G. Agrawal, Head, RTD, BARC, explaining the importance of the Test facility.Others from left are : Mr K.B. Dixit,
ED (Engg.), NPCIL, Mr R.K. Sinha, Director, RDDG, BARC, Mr Dilip Saha, Head, RED, BARC, Mr G. Govindarajan,
Director, A&M and E&I Groups, BARC, Mr P.D. Sharma, Sr. ED (P&P), NPCIL, Mr S.K. Jain, CMD, NPCIL, Dr Anil
Kakodkar, Chairman, AEC, Dr S. Banerjee, Director, BARC and Mr S.A. Bohra, Sr. ED (T), NPCIL.

ž¸¸.œ¸.‚. ˆ½¿ÅÍ ˆ½Å ¨¸¾±¸¸¹›¸ˆÅ¸½¿ ˆÅ¸½
¬¸ŸŸ¸¸›¸ /BARC SCIENTISTS
HONOURED
• ”¸Á. ¬¸™úœ¸ ¸¬¸º, ¹¨¸¹ˆÅ£µ¸ ‚¸¾«¸š¸
ˆ½¿ÅÍ, ž¸¸œ¸‚ ˆ½¿ÅÍ ˆÅ¸½ ¸»›¸ 19-23,
2004 ˆÅ¸½ ¹ûÅ¥¸¸”½¹¥ûÅ¡¸¸, ¬¸¿¡¸ºÆ÷¸
£¸¡¸ ‚Ÿ¸£úˆÅ¸ Ÿ¸½¿ ‚¸¡¸¸½¹¸÷¸
›¸¸¹ž¸ˆÅú¡¸ ‚¸¾«¸š¸ ˆÅú œÏ¹÷¹«“÷¸ ¬¸¸½¬¸¸ƒ’ú ˆÅú 51 ¨¸ì ¨¸¸¢«¸ÄˆÅ
¸¾“ˆÅ Ÿ¸½¿ œÏ¬÷¸º÷¸ "œ¸¸½’¾›©¸¡¸¥¸ £¸½¥¸ ‚¸ÂûÅ FDG-PET ’»
‚¬¸½¬¸ ¹£¬œ¸¸¿¬¸ ’» ƒÄŸ¸¸’½¹›¸¸ Ÿ¸½¹¬¸¥¸½’ ˜¸½£½¹œ¸ ‡µ”
¹”’½¢Æ’¿Š¸ ¨¸¸¡¸½¸¥¸ ”ú¬¸ú¸ö ƒ›¸ Š¸½¬’ï¸½-ƒ¿’¹¬’›¸¥¸ ¬’ï¸½Ÿ¸¥¸
’¡¸ºŸ¸¬¸Ä (GIST)" ©¸ú«¸ÄˆÅ œ¸£ ‚œ¸›¸½ ¬¸¸£¸¿©¸ ˆ½Å ¹¥¸‡
’ïÁ¨¸¥¸ û½Å¥¸Á¸¹©¸œ¸ œ¸º£¬ˆÅ¸£ ¬¸½ ¬¸ŸŸ¸¸¹›¸÷¸ ¹ˆÅ¡¸¸ Š¸¡¸¸—
›¸¸¹ž¸ˆÅú¡¸ ‚¸¾«¸š¸ ˆÅú ƒ¿”¸½-‚Ÿ¸½¹£ˆÅ›¸ ¬¸¸½¬¸¸ƒ’ú ›¸½ „œ¸¡¸ºÄˆ÷¸
¬¸¸£¸¿©¸ ˆÅ¸½ ¬¸¨¸¸½Äî¸Ÿ¸ ¬¸¸£¸¿©¸ š¸¸½¹«¸÷¸ ¹ˆÅ¡¸¸ —
Dr Sandip Basu, RMC, BARC, was given the
‘Travel Fellowship Award' for his abstract entitled
"Potential Role of FDG-PET to assess Response
to Imatinib Mesylate Therapy and Detecting
Viable Disease in Gastro-intestinal Stromal
Tumors (GIST)", presented at the 51st Annual
Meeting of the prestigious Society of Nuclear
Medicine, held during June 19-23, 2004 in
Philadelphia, USA. The Indo-American Society of
Nuclear Medicine (IASNM) had adjudged the
above abstract as the best in Clinical Sciences
category.

• ”¸Á ¨¸ú.ˆ½Å Ÿ¸›¸¸¿™¸, ‚š¡¸®¸,
£½¢”¡¸¸½£¸¬¸¸¡¸¢›¸ˆÅú œÏž¸¸Š¸, ˆÅ¸½
œÏ¹÷¸¹«“÷¸ ‚¿÷¸£¸Ä«’ïú¡¸ œ¸¢°¸ˆÅ¸,
£½¹”¡¸¸½ˆ½Å¹Ÿ¸ˆÅ¸ ‚ÁÆ’¸ ˆÅú

¬¸¥¸¸−ˆÅ¸£ œ¸¹£«¸™ Ÿ¸½¿ ©¸¸¹Ÿ¸¥¸ −¸½›¸½ ˆÅ¸ ¹›¸Ÿ¸¿°¸µ¸ ¹™¡¸¸ Š¸¡¸¸
−¾— ¡¸− œ¸¹°¸ˆÅ¸ Oldenbourg Wissenschaftverlag
GmbH, Ÿ¸¿¸½›¸, ¸Ÿ¸Ä›¸ú ×¸£¸ œÏˆÅ¸¹©¸÷¸ ˆÅú ¸¸÷¸ú −¾ —
”¸Á. ¨¸ú.ˆ½Å. Ÿ¸›¸¸¿™¸ ˆ½Å ‚¿÷¸£¸Ä«’ïú¡¸ œ¸¹°¸ˆÅ¸‚¸½¿ Ÿ¸½¿
¹›¸Ÿ›¸¹¥¸¹‰¸÷¸ ®¸½°¸¸½¿ Ÿ¸½¿ 120 ¬¸½ ‚¹š¸ˆÅ ©¸¸½‹¸-œ¸°¸ œÏˆÅ¸¹©¸÷¸
−º‡ −ÿ : (ˆÅ) ¥¸¾›˜¸½›¸¸ƒ” ‡¨¸¿ ‡¹Æ’›¸¸ƒ” ¬¸¹−÷¸ ™úš¸Ä¸ÇÅú
¥¸¸ƒŠ¸½›”¬¸ ˆ½Å ¬¸¿¹Ÿ¸ý¸½¿ ˆÅú …«Ÿ¸¸Š¸¹÷¸ˆÅú ‡¨¸¿ ¸¥¸Š¸¹÷¸ˆÅú;
(‰¸) œ¥¸»’¸½¹›¸¡¸Ÿ¸ ‚¸š¸¸¹£÷¸ ƒôš¸›¸¸½¿ ˆÅ¸ £¸¬¸¸¡¸¹›¸ˆÅ Š¸ºµ¸¨¸î¸¸
¹›¸¡¸¿¿°¸µ¸; (Š¸) ‡Æ’ú›¸¸ƒ”¸½¿ ˆ½Å ›¸¨¸ú›¸ ¹›¸«ˆÅ«¸ÄˆÅ¸½¿ ˆÅ¸
‚¹ž¸ˆÅ¥œ¸›¸ ‡¨¸¿ ¬¸¿©¥¸½«¸µ¸ ‚¸¾£; (š¸) ¸¥¸ú¡¸ œ¸¡¸¸Ä¨¸£µ¸ Ÿ¸½¿
‡Æ’ú›¸¸ƒ”¸½¿ ˆÅ¸ ¸¸¹÷¸ „™Ãž¸¨¸›¸ — „›−¸½¿›¸½ ¨¸«¸Ä 1985-87 ˆ½Å
™¸¾£¸›¸ UTEP, ’¾Æ¬¸¸¬¸, ¬¸¿¡¸ºÆ÷¸ £¸¡¸ ‚Ÿ¸£úˆÅ¸ (USA) Ÿ¸½¿
ûºÅ¥¸¤Ï¸ƒ’ Ž¸°¸ ˆ½Å ³œ¸ Ÿ¸½¿ ”¸ÁÆ’£ ˆÅú „œ¸¸¹š¸ ¥¸½›¸½ ˆ½Å œ¸©¸¸÷¸
ˆÅ¸¡¸Ä ¹ˆÅ¡¸¸ — ”¸Á Ÿ¸›¸¸¿™¸ ™»¬¸£½ ž¸¸£÷¸ú¡¸ −¾¿ ¸¸½ ƒ¬¸
¬¸¥¸¸−ˆÅ¸£ œ¸¹£«¸™ Ÿ¸½¿ ©¸¸¹Ÿ¸¥¸ ¢ˆÅ‡ Š¸‡ −ÿ —
Dr V.K. Manchanda, Head, Radiochemistry
Division, BARC, has been invited to join the
Advisory Board of Radiochimica Acta, a
prestigious International Journal for Chemical
aspects of Nuclear Science and Technlogy. It is
published by Oldenbourg Wissenschaftsverlag
GmbH, Munchen, Germany.
Dr Manchanda has more than 120 publications in
International journals to his credit in the areas of
(a) thermodynamics and kinetics of complexes of
macrocyclic liagands with lanthanides and
actinides; (b) chemical quality control of Pu based
fuels; (c) design and synthesis of novel
extractants of actinides, and (d) speciation of
actinides in aquatic environment. He had carried
out his post-doctorate work as Full Bright scholar
during 1985-’87 at UTEP, Texas, USA.
Dr Manchanda is the second Indian to join the
Advisory Board.
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