ANNUAL REPORT
2012-13

Government of India

Department of Atomic Energy
oy

T3

[/a\[=









CONTENTS

Chapter-1

Chapter-2 :
Chapter-3 :
Chapler4 :

Chapter-6 :
Chapter-§ :
Chapter-7 :
Chapter-8 :
Chapter8 :
Chapter-10 :
Chapter-11 :

Chapter-12 :

Annex-l

Annex-il

Annex-ill

EXECUTIVE SUMMARY

Nuclesr Powar Programme-Stage-1
Nuclear Power Programme-Stage-2
Nuciear Power Programme-Stage-3

Advanced Technologles and Radiation
Technologies and their Applications

Basic Resesarch

Ressarch Education Linkeges

Technology Transfer and Collaborative
infrastructure

Public Sector Undertaking

Other Activities

implementation of Persana with Disablilties
{Equal Opportunitias, Protection of Rights &
Full Participation) Act, 1065

Chiizen Charter

The Organisation

Repiles to Audit Observations

Represeniation of $Cs, 5Ts and OBCs

r

s

107

166

181

181

183

201

-8 B






EXECUTIVE SUMMARY

The Departiment of Atomic Energy’s vision
Is to empowar Indla through technology, creation
of more wealth and providing bettar quallty of life
to its citizens, DAE is engaged in the design,
construction and operation of nuclaar
powsr/ressarch reactors and the supporiing
nuclesr fusl cycle technologles o achleva thasa
objectives.

Advanced technologies such as
accelerators, lasers, supsrcomputers, advanced
meterials and Instrumantation era developsd to
encourage transfor of technology to Industry
which contributes to the national prosperity.

The Departiment is also engaged in the
devalopmant of radiation technologles and their
applications for batter crop varetias, techniques
for crops protection, radiation based post-harvest
technologies, technigues for radio-diagnosis and
radiotherapy of diseases particularly cancer,
technologles for safe drinking water, batter
environment and Industrial growth.

DAE also contributes to the enrichment of

knowisdgs domain by way of support to basic
ressarch In nuclear snargy and related frontlar
areas of sclence; Imeraction with universities and
academic institutions; Support 10 research anc
denvelopmaent projects having a bearing in DAE's
programmes, and intemational cooperation in
related advanced areas of rasssarch,

During the year 2012-13, the programmes
of the Department achieved impressive growth in
all the segments and domains. Thesa are
described balow.

NUCLEAR POWER

PROGRAMME: STAGE 1
PRESSURISED HEAVY WATER
REACTORS

Nuclear Power Corporation of indla Lid.
(NPCIL), a public sector undertaking of DAE and
a dividend paying company with AAA credit rating
by CRISIL and CARE, is responsible for design,
construction, commissloning and operatlon of
nuclear power resctors. At present, it oparates 20
nuclear powar reactors with an Installed capacity
of 4780 MWe (megawslt electrical) and 4800
MWe capacity under construction that comprizes
two light water reactors of 1000 MWe each In
advance stage of commissioning at Kudankulam
In Tamliinadu and four Presaurised Heavy Water
Reactor (PHWR) of 700 MWe each, two at
Kakrapar in Gujarat and two at Rawatbhata in
Rajasthan.

Power Generation

NPCIL completed 25 years of oparation
and celebrated ita siver Jubllee In Septembar
2012. During the year, NPCIL registered highest
gver nuclsar power generation of about 33170
MUz, (Million Unilts} that was higher by 2%
comparad totha previous year.

The ovearall weighted average availability
factor for operating reactors was 81% and the
overall capacity factor was 80% up to December
2012 In the financlal year 2012-13. PHWHs on
Indigenous fuel continued to operate at power
level matching fuel supply and the Capacity
Factor for thesa reactors was sbout 76% up 1o
December 2012.
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Projects under construction

Unlts-182 of Kudaniulam Nuclear Power
Plant (2x1000 MWe LWRs) of NPCIL are In
advance stage of commissioning. The Inilial Fuel
Leading (IFL) was successfully completed in Linii-
1. Thi= unkt Is expected to go critical by February
2013 after obtalning stage wise clearance from
AERB. The Unit-2 was closely following Unit-1.

Kudaniodam Muciear Power Project-142

The constnicton work continued and
made progress for the first pair of indigenously
designed 700 MW PHWRs, at Kakarapar Atomic
Power Project Units-384 (2x700 MWe PHWRS)
and for the second palr of Indigenously designed
700 MWe at Rajasthan Atomlc Power Praject
Units-7&8 (2x700 MWe PHWRSs). The above
projects of NPCIL are expected to be completed
by the year 2018-17.

New Projects

Praparatory works for launching of two
approved units of Light Water HAeactors at
Kudankulam In Tamlnedu and Jeliapur In
Maharashira were started. For the Kudankulam
Nucisar Power Project Units-384 (2x1000 MWe
LWHs) environmental and CRZ clearances wars
abtalned. Works relating to sle Infrastructure,
made progress. For Jaltapur Nuclear Power
Project (JNPP-18&2, 2x1650 MWe LWRs)
environmental clearance from MoEF and Coastal
Regulation Zone (CRZ) clearance was obtalned
and land wes acquired. Techno Commercial
discussiaons of projectreached advancad stage.

2

New Sites

Tha Govermnment of Indla In- princlple
approved, satting up of 1000 MWe or larger
capacity Light Water Reactors based on forsign
technical cooperation in the inland sites at
Goridhpur In Haryana, Chutaka and Bhimpur In
MP MahlbBanswara In Rajasthan, expansion of
exigting site at Kaiga in Kamataka to set up 700
MwWe PHWRS, and coastal sites at Kovvadain AR,
Chhaya-Mithl virdl In Gujarat & Harlpur In west
Bangal. Pre-praject activities Including land
acquisition process, Environmental Impact and
other studies for Environmemal clsarance by
Minlstry of Ervronment and Forest (MoEF) and
AERBwere at varlous stages of progress.

FRONT END FUEL CYCLE

Front-End Fuel Cycle comprises
operations such as mining, milling and
processing of ore, and fabrication of fuel. In
addiion, production of heavy water, used as
moderator and coolant in pressurized heavy
water reactors, also constitute a major
programme sagmant of the Nuclssr Power

Programmae.

DAE has wideranging capabiliies in
uranium mining and mineral proceesing, and Is
selt-sufficlent In the production of heavy water,
zirconium alloy componernis and other materials
and supplies, for pressurizsed heavy water
reactors. The Nuclear Fuel Complex at
Hyderabad manufactures fuel assemblles for
prassurised heavy water reactors, bolling water
reactors and fast breeder reactor.

Heavy Water Production

Tha Hesvy Water Board (HWB) Is
responslble for production of heavy water for the
Indian PHWHRs. R is slso engeged in the
development and demonstration of technological
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feasibility of various processes for the products
required for the Front and Back End operations of
the Nuclear Fuel Cycle.

Heavy Water Board continued to support
the first stage of Nuclear Power Programme of
DAE by supplying Heavy Water to all the
operating Pressurized Heavy Water Reactors.
HWB has emerged as the largest global producer
of Heavy Water and has developed production
capabilities in various other areas, like organo-
phosphorous solvents and "B enriched Boron.

During the year, the performance of the
Board was excellent with respect to heavy water
production, specific energy consumption, on
stream factor, safety performance, environment
management etc. The total percentage
production target achieved during the period was
about 109%.

HWB continued to adopt means to reduce
the specific energy consumption through
process intensification and optimization. HWP
(Manuguru) supplied the surplus electrical
energy generated at the captive power plant to
the power grid and made revenue generation.
Schemes were also drawn up for life extension of
the first generation of Heavy Water Plants
(HWPs).

HWP (Kota) completed more than 25
years of operation, handling H,S. A thorough
check for healthiness of plant equipment was
carried out.

Three export orders were executed during
the year with FE realization of over 7.5 million US
Dollars. DAE established its presence in the
French market for the first time as a supplier of
high quality heavy water for non-nuclear
applications. HWB bagged three export orders
worth 5.4 Million US Dollars for supplying heavy
water to M/s. Linde Electronics and specialty

Gases, USA, M/s. Cambridge Isotope
Laboratories, USA and M/s. Euriso Top, France.

For societal benefit, small quantities of
heavy water were supplied to Indian research
institutions for application in life sciences as well
as other technological developments. All the
Heavy Water Plants were certified for ISO Quality
Management system, Environmental
Management System and OSHA System. The
overall safety standards of the Plants were far
better than similar chemical industries in the
country.

Diversification Activities

HWB has made major progress on the
extended mandate entrusted by DAE on
development, demonstration and deployment of
technologies for in-core and out core material
inputs for Indian Nuclear Power Programme,
required at the Front-end as well as Back-end of
nuclear fuel cycle,

Solvent Technology

The newly installed industrial facilities at
HWP (Baroda) and HWP (Talcher) performed very
well. Production technologies were industrially
deployed for organo-phosphorous solvents like
Di-2-ethyl hexyl phosphoric acid (D2EHPA) and
Tri-n-butyl phosphate (TBP) and various other
solvents at HWP (Talcher) and HWP (Baroda).

Heavy Water Board made a noteworthy
achievement in the area of Uranium recovery from
phosphoric acid and successfully commissioned
a Technology Demonstration Plant at RCF,
Chembur with production of tonnage quantity of
yellow cake. Advance actions were taken by the
Heavy Water Board for pre-project activities for
production of rare material on industrial scale
plants as a result of encouragement of successful
synergistic operation of TDP.
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Boron Enrichment

HWB successfully delivered the entire
quantity of B enriched Boron for the first core of
PFBR. Boron Enrichment plants at HWP
(Manuguru) and HWP (Talcher) were operating
very well and achieved "B enrichment beyond
95% at HWP (Talcher).

Sodium Metal

Collaborative Work on development of
safe and efficient closed cell for production of
nuclear grade sodium metal was carried at M/s
National Metallurgical Laboratory, Jamshedpur.
Fabrication and test operation of 500 A cell was
completed. Design for 2000 Amp cell has been
approved which will be set up at HWP (Baroda).

Depleted Uranium

Design, engineering and setting up of
Uranium Oxide Facility of 250 Te/fannum capacity
to convert Uranyl nitrate solution from
reprocessing plants into uranium oxide powder
as final product was taken up. The design &
engineering was completed, civii work was
started at site and equipment fabrication was in
advanced stage.

Mineral Exploration and Mining

Atomic Minerals Directorate for
Exploration and Research (AMD) continued the
accelerated pace of exploration activities during
the field season 2011-12. This resulted in the
establishment of over 14,260 tonnes of additional
uranium oxide reserves in the areas of Andhra
Pradesh, Rajasthan, Meghalaya and Jharkhand.
The country's uranium resources currently stands
updated to over 1, 86,650 tonnes of Uranium
Oxide.

Promising uranium anomalies were

located in parts of Tamil Nadu, Rajasthan, Andhra
Pradesh, Chhattisgarh and Madhya Pradesh.
About 1,88,200 m of drilling was carried out to
establish additional uranium resources.

Exploratory mining at Gogi, Yadgir district,
Karnataka was carried out by UCIL on behalf of
AMD and a progress of 225.00 m in shaft sinking
was achieved,

AMD also carried out geochemical
surveys (2639 sq km), ground geophysical
investigations (192 sq km). Airborne survey and
Remote Sensing by Time Domain
Electromagnetic (TDEM), Magnetic and
Radiometric techniques were carried out over
38520 line km.

Rare Metal and Rare Earth investigations
resulted in location of new occurrences of
columbite-tantalite and beryl bearing pegmatites
in Karnataka, Rajasthan, Odisha and
Chhattisgarh.

AMD continued its surveys and
exploration activities along the coastal tracts of
Guijarat, Andhra Pradesh, West Bengal, Odisha,
Tamilnadu and Karnataka and encouraging
heavy mineral concentrations were recorded in
Odisha, West Bengal; Karnataka and Andhra
Pradesh. Heavy mineral (THM) resources were
updated to 1064.79 million tonnes.

The mining and processing of uranium
ore in India is done by the Uranium Corporation of
India Ltd. (UCIL). This corporation operates in
Jharkhand state with six mines at Jaduguda,
Bhatin, Narwapahar, Turamdih, Bagjata and
Banduhurang, and two processing plants at
Jaduguda and Turamdih.

The new mine and processing plant at
Tummalapalle in Andhra Pradesh was
commissioned and started production of 2000
tpd ore and adequate stockpile was created. The



EXECUTIVE SUMMARY

plant Is based on Indigsnously developed alkall
lsaching technology and Rt made substantal

progress. The product packaging was also
gtarted.

Mohuldlh underground mine In
Jharkhand recorded uranlum ore production.
The mine Is expeciad to be commigsionad In
March 2013 and shall feed the plant at Turamdih
which is under expansion. UCIL pressnted the
case for expansion of mine and plant at Turamdlh
bafors MoEF and final snvironmantal clearance |s
expecied aoon. Terms of Reference (TOR) for
eéxtension of Narwapahar Mine Projsct &
Tummalapslle Expansion Project were also
presented. Judiclous utliization of recycled water
through meticulous menitoring of chloride pick-
up resulted In 50% reduction In process water
consumption per ton of ore processed in
Turamdih.

At Indlan Rare Eerths Limited (IREL), the
draft EIA & EMP report for erwironmental
clearance of existing operations of
Manavalakurichi plant was prepared and public
hearing Is expected to be carrled out In March
2013. Bxperlt appralsal commities masting for
grant of environmental clearance for capacity
expangion of mining and mineral separation unit
{CEMMU), OSCOM was successfully concluded
and detalled sngineering aciivilezs were under
progress. Constructlon of plant bullding,
structural works, Installation of equipments, et
were on the verge of complstion for Monazite
Processing Plant. Plant facilities for production of
separated high pure rare earthe from mboad rare
earth chioride produced at MoPF. QSCOM made
progress. Altemafive secondary sources o
augment uranium production were being
pursued.

Fuel Fabrication

Nuclear Fusl Complax (NFC) fabrcated

and supplied fusl bundles for Pressurlsed Heavy
Watar Reactors (PHWRs) and Bolling Water
Reactors (BWRs) of NPCIL. Highest ever
production of PHWR fuel bundles, BWR fuel
assemblies, PHWR fusl tubes, Niobiurm metal and
88 tubes were achlevad during the year.

Manufacturing and supply of crilcal
components and various sub-assemblies to meet
the commissioning echedule of 500MWe PFBR
was In the advanced stage of completion.
Menufacturing process was established for
pregsure tubas of 700 MWe PHWRs through new
route of double radial forging of billets.

Production of 2 charges of UNS 6800 U-
band Steam Qenarator tubes for 700 MWe
PHWRs was completed. Manufacturing process
was established for Inconel 617 and Super
S04HCu tubes for Advanced Ulira Super Critical
thermal power plant.

Mechanised UD, powder and pellst
handling system was Introduced In pellet
production,

NFC launched 19 new projects to meet
the fusl and zircaloy requiremerts of forthcoming
700 MWe PHWRs and 300 MWe AHWR, In
addition to sugment and modernisa the presant
praduction facliiies to 200 tpy, In line with the




EXECUTIVE SUMMARY

demand from NPCIL. Fnancial sanction Is
obtained for 8 projacts.

The project "Capacity expansion of
Zirconium Alloy Fuel Tubes Plant at NFC' was
completad and the capacity was enhanced ta 13,
00,000 no. of tubes pear annum. Activitles ware In
progress lor establlshing Nioblum Thermit
Production Facility (NTPF) to meet the Niobium
requirement of VSSC ([Dept. of Space)
indigenoushy.

BACKEND FUELCYCLE

Fuel Reprocessing and Wasle
Management

Power Reactor Fuel Reprocessing Plant
(PREFRE} at Tarapur continued to function
satisfactorily. PREFRE-l continued to operaie
successfully and achisved all time record in
capaciy utlilzation. The plant completed full year
of operation with outstanding parlormancs both
intarms of production and process parameters.

Additional Waste Tank Farm (AWTF) was
In ragular usa for safe storage of High Leval Liquid
Wasts (HLLW), Intarmed|ate Liquid Waste (ILW) &
Organic Liquid Waste (OLW) genorated from
regular operations of PREFRE.

Cold commissioning trlel of Project WIP-
3A, Kalpakkam was Initlated. Kalpakkam
Reprocessing Plart (KARF) & Spent Fuel Storage
Facility (SFSF) was in operation and it achieved
an all ime record in capacity utilization.

Waste Management plant In Tarapur
{TWMF) continued to provide servica in
management and safe disposal of radicactive
waste in solid and liquid form obtained from
BARGC and NPCIL unik at Terapur. Advanced
vitrification facillty at Tarapur was commissioned
and it is under regular operation.

R&D SUPPORT TO POWER
SECTOR

The Ressarch and development support
to the Nuclear Power Programme Is providad by
the research centres of DAE.

Ag a part of the R&D support for againg
management of existing PHWRs, fuslling
machine operated remote |nner dlameter
measuremsnt tool, wet scrapping tooHll, replica
tools for 540 MWe and 220 MWe PHWHs and sag
measuremsnt tools were developed by BARC.
The Hydrogan Recombiner Tast Facliity (HRTF)
was commissloned at Tarapur for contalnment
safety studies of PHWRs.

Hydrogen Resombiner Test FecBity, Terepur

An automated visual Inspection systam
was developed for quallty assesament of UQ, fuel
pellets during fabrlcation for dstecling vislble
flaws llke piis, chip offs, cracks etc.
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Baged on Indigenously designed
Trombay Programmable Logic Controller32
(TPLC-32), a Distributed Control System for
imtagrated Project of Muclsar Recycle Board was
developed.

HEALTH SAFETY & ENVIRONMENT

At NPCIL, review of safety of operating
stations was carried out on regular basls. One
such review, caried out by IAEA Operational
Safaty Review Team (OSART), concluded that the
safety and safety culture of the Indlan nuclear
power station are excellent and several good
practices are worth emulating by other nuclear
power plants acrogs the world. NPGIL achieved
370 reactors years experience of safe operation
up to December 2012. Highest standards of
safety within the Nuclear Power Plants (NPPs) are
wors maintained by keeping the individual and
collective occupational exposures of raclation
workers within the limits approved by Atomic
Energy Regulatory Board by following the
principle of ALARA (Az Low as Asasonably
Achlevabla),

For quick estimation of excretion rates
and help in taking appropriate protection
measures, rapid and reliable radiochemical
methods for the separation of Pu, Am and U from
urine matrix using solld extractlon
chromatographic resing were developed at
BARC. Radiation Detector System (RDS) for
police vehicles was developed and installed over
80 Mumbai police patrolling vehicles. About 350

Thvrodd menitoring syston st BARG

Environmental Radiation Monltors (ERMs) were
manufacturad, callbrated & field tested and 180
ERMs were installed under the courirywide
*Indian Environmental Radiation Monitoring
Network (IERMON)".

To have a real-ime radlation monltorng
gystam along with metsarological parameters,
the Emvironmental Radiation Monitor (ERM)
systein of BARC was inmtegrated with the
Automatic Weather System (AWS} of ISRO. An
Integratad software called TLD Badge

Managsment (TLDBM) system was developed for
harmonization of parsonnel monitoring services,

NUCLEAR POWER
PROGRAMME: STAGE 2

FAST BREEDER REACTORS

For the second stage of the Nuclear
Power Ganeration Programma, the Indira Gandhi
Cenire for Atomic Reasarch (KACAR] |s pursuing
development of sodium cooled fast brescer
reactors and associated fuel cycle technologies.
Breeder reactors produce more fusl than they
consumea.

The Fast Reactor Programme of IQCAR Is
supported by its research and development
endeavour in a range of disciplines such as
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reactor engineering, metallurgy, materials
science, instrumentation, safety, and others. The
Fast Bresder Test Reactor (FBTH), operating at
Kalpakkam for ovar 25 years, siso caters 1o
technology development related to fast reactors.

Based on the fast breeder reactor
technology developed by IGCAR, a S00MWe
Prototype Fast Breeder Reactor (PFBR]) s coming
up at Kalpakkam. The project Is balng executed
by the Bharatlya Nabhlkiya Vidyut Nigam Limited
{BHAVINI), a public sector undertaking of DAE.,

BARC confributes to the research and
development, and manufecture of fuels for fast
reactors, technology for reprocessing of fuels,
waste managemant and health and safsty of the
work force,

Prototype Fast Breeder Reactor

PFBR s a pool type reactor uging mixed
oxide of uranium and plutonium as fuel and
sodium as coolant The project ls Implemented by
BHAVINI (Bharatiya Nabhikiya Vidyut Nigam
Limited), located 500m south of the existing
Madras Atornic Power Station,

During the year the aivil structural work for
nuclear Island connected bullding was
completad and the roof of reactor cormtainment
building was concretsd and closed.

Erection of most of the equipments of
nuclear steam supply sysiem (NSS3) was
completad, The core subassembliss and dummy
fuel sub-assemblies were loaded in the grid plate.
Installation of large and small rotating plugs over
tha roof slab was also compileted. Erection of fuel
handling equipment at varlous locations of fusl
bullding was nearing completion.

in all, sight steam generators and four
decay hsat sxchangers wore erecisd, The plant
holsting machanlsms were commissioned.

inside visw of reactor vessal with
Sub-sssemblies loaded, BHAVINI
Pre-commisgioning works for the
conventional awndllary systeme were In the
advance stage of complstion. Commissloning of
4 diesel generators, 230 KV gas Insulated
switchyard and 6.8KV swilchgear boards was
also achieved.

The project hes achleved an overall
physical progress of over 91% at the end of
November-2012.

To meet stringent requirements for fusl
handling at high temperature and sodlum
environmant, Inclined Fual Transfer Machine
(IFTM) was designed. Mstallic fusls and blanket
material of compositions U-15 wt. % Pu and U-
Bwt.% Zr respectively were also prepared at
BARC.

IFTH Conitroll System Development Selup at BARC
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Fast Breeder Test Reactor

During the year 3 irradiation campaigns
were successfully completed in FBTR at its target
power of 203 MW Turbo Generator was
connected to the grid, generating 3.4 MWe.
Important experiments such as irradiation of ferro
boron shielding material, testing of high
temperature neutron detectors, drop time
measurement system of DSRDM, start of
irradiation of sodium bonded natural uranium
metallic fuel, irradiation of yttria for production of
strontium isotope for medical applications etc;
were completed. The PFBR MOX test fuel
subassembly was irradiated successfully giving
confidence in achieving the PFBR target burn-up
of 112 GWd/t.

FBR Fuels

Plutonium bearing fuels for the Fast
Reactor Programme are supplied by BARC.
Fabrication of MOX fuel pin by vibro-compaction
route was done.

Fast Reactor Fuel Reprocessing

Several reprocessing campaigns of FBTR
spent fuel were successfully completed in
COmpact Reprocessing facility for Advanced
fuels of Lead cells (CORAL). All the major
equipments and systems required for the
Demonstration Fast Reactor Reprocess Plant
were received at site for installation and
commissioning.

Towards construction of the Fast Reactor
Fuel Cycle Facility (FRFCF), environmental
clearance and the recommendations of the
Project Design Safety Committee to AERB for
issue of consent for construction were received.

FBR Related Technologies

As a part of electronics and
instrumentation programme, development of
virtual reality system, 3D modeling & visualization
of the fuel handling operation of PFBR and
FRFCF, modeling of all sub-systems and
benchmark transients for operating training
simulator, installation & commissioning of high
performance computing cluster systems, R&D on
intelligent human-machine interface for plant
monitoring & control were actively pursued.

In the domain of Chemistry, R&D on
development of advanced separation schemes
for actinide recovery, engineering scale studies
on unit operations in pyroprocessing, thermo
chemical studies and thermo physical property
measurements of several systems involving fuel
& control rod materials etc were some of the
major important activities completed. Sodium
bonded test metallic fuel pin fabrication facility
was commissioned and trial pins of U-Zr were
made.

In the materials front, development of 9Cr
ODS clad tubes, improved D9 cladding material,
procedure for joining SS pipes by A-TIG welding,
GMR array sensor based magnetic flux leakage
technique for non-destructive detection of
defects, fabrication of irradiation capsules,
development of partially stabilized zirconia
coatings on metallic and graphite substrates,
fabrication of dissimilar joint by innovative
explosive cladding technique etc were
completed.

Future FBRs

Towards design and manufacturing
technology of future MOX reactors, a few major
components were innovatively designed and
manufactured indigenously. R&D on the design
of future FBRs on the reactor safety, large scale
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sodium fire, simulation of post-accident
scenarios were compleied by designing novel
experiments,

Towards the design of Metal Fuel Reactor,
studies were completed for the baslc design of
core, plant main parameters and candidate sites
at Kalpakkam.

NUCLEAR POWER
PROGRAMME: STAGE 3

THORIUM BASED REACTORS

The Stage-3 of the Indian Nuciear Power
Programme aime at using thorium as fuel for
power ganaretion on commarcial scale. In the
Thorum Fuel Cycle, Thorlum-232 Is tranamuted
into the fissile isclope Uranium-233 which is a
nuclearfuel.

As a part of this programme, BARC has
been developing a 300MWa Advenced Heavy
Water Raactor (AHWR). Fuelled by thorlum and
using light water as caclant and hesvy water as
moderator, this reactor will have several
advanced passive safety features.

Advanced Heavy Water Reactor

Advanced Heavy Watsr Reactor Thermal-
hydraulic Test Facility (ATTF) vessels and heat
aexchangers ware Installed. A novel buckiing pin
type passive valve was daveloped and
domaonsirated for Emergency Cors Cooling
System (ECCS) of AHWR. A protolype Fuelling
Machine (FM) was designed and fabricated.
Several equilibrium core clusters were studied for
the on-power refuelling of AHWR-LEU core. For
evalualing hydrodynamic effects, experiments
ware carmed out to study the liquild behaviour In
Gravity Driven Water Pool (GDWP) of AHWR.

Buckiing FMin Valve-BT NB

Critical Facllity for AHWR and 540 MWe
PHWR was operated on several occasions for
varfous experiments. Fuel fabrcation process
flow sheet for AHWR 300 LEU was establishad
using natural UQ. in laboratory (kg) scale.

Other Reacior Systems

For the Compact High Temperature
Reactor {CHTR) critical facility, aternative design
of the SDS-2 systemn, based on liquid poison
injection was worked out. Rsactor physice
analysis and layout related studies were carrled
outby BARC.

Computational Fluid Dynamics (CFD)
based thermal hydraulic analysis of the reactor
and detalled thermal analysls of the care of tha
reactor undsr nomal and postulatad accldent
conditions were camed out.

Detsiled project report for construction of
a 30 MW High Flux Research Rsactor (HFRR) and
a new thermal research reactor of 125 MW at new
BARC campus Vizag were preparad.
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KAlpakicam MINI (KAMINI) Reactor

Al Kalpakikam, KAMINI reackxr was in
regular operation upto a8 madmum powesr of
30kW and was utilized towards neutron
radlography of fuel, ferro boron capsules and
testing of newly developed neutron detectors.

Reasarch Reactors

Detalled engineering of the 2 MW
upgraded APSARA resactor was In progress.
Shislding design of reactor was completad.
Safaty revienw of various reactor systems was in
prograss. The design stagea Level 1 Probabilistic
Safely Analysis (PSA) for the upgradation of
APSARA Reactor to a 2 MW reactor, Involving
safety system and process system reliablifty
analysls and quantification of the model by
generic data was completed.

Research reactor Dhruva continued to
operate with a high levael of safely and an
avallabllity factor close to 80%. Dhruva continued

o be the only facility for radioisotope production
and served as a national facility for neutron beam
research. Over 1100 samples were imadiated

during the year.

ADVANCED
TECHNOLOGIES

The research cenfres of DAE are engaged
in developing advancad technologies such as

-accelerators, lasers, advanced matarlals,

roboties, suparcomputers, Instrumentation end
others. BARC, RRCAT, VECG and BRIT are also
engaged in the development of radiation
technologies & their applications for better crop
varieties, technigues for crope protection,
radiation based post-harvest technologiss,
tachniques for radlo-diagnosis & radiotherapy of
diseases particularly cancer, technologles for
gafe drinking water, better environment &
industrial growth,

Acceleralors

During the year, experimenial nuclear
physics programs ware carried out extenshvaly
using the light lon beams from K-130 cyclotron at
VECC. Several developmental activities were
taken up for the facility development of K-130
cyclotron and supserconducting cyclotron and
significant progress was achlaved.

Collaborative studies between BARGC and
VEGC on radiation damagse using ion baam from
Variable Energy Cyclotron and ECH ion sources
at VECC were carried out on different nuclear
structural meterials.

The phase cortrol loop for the 3-phase RF
System of K500 Superconducting cyclotron was
upgraded, R&D on development of multi-cell
medlum- Suparconducting AF linac cavity was
taken up at VECC and for this a state-of-the-art
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Inductive Output tube (I0T) basad high power RF
amplifler was developed and tested.

The power conditioning system for the
prototype Supsrconducting Magnstic Energy
Storage (SMES) Systemn was dewvsloped and
tested at VECC.

At BARC, a state-of-the-art
superconducting Electran Gyclotron Resonance
(ECR) lon Source was commissionad al Van-de-
Graff lab. For Accelerated Driven Systam (ADS), a
400 kaV, 1 mA, 4 vane Radic Frequency
Quadrupole (RFQ) for D' beam was fabricated
and its cold testing was completad at BARC.

Laser Technology Development and
Applications

A high beam quality, frequency doubled
Nd:YAG gresn |aser system with an output
average power of 100 W was developed at
RRACAT. A Master Qaclllator Power Amplifier ¢haln
of 3 CuBr laser unkts delivering 100 W average
laser powers was also developed.

As a first step In the developmant of all
fiber laser, & 160 W continuous wave single
transverse moda fiber laser was developsad using
bulk mirror components. An all-normal-
dispersion mode-locked Yb-doped fiber laser of

an average oulput powsr of 150 m\W was also
developed. Long perod grating (LPG) based
wave length encoded fiber sensors with a very
high limit of intsgrated radiation dose
measurementwere developed.

The technology developed at RROCAT far
various applicaions incduded a high guality
quasi-mono energetic slectron beam, with
divergenca chargs and energy: devslopment of
set-up for simultaneous depth resolved Imaging
of the tissue marphology and blood flow velocity;
study of the effect of photodynamic treatment on
heallng of murlne exclslonal wounds;
development of a prototype light emitting diode
(LED) based system for cancer diagnosis.

The work on the high average-power
llquid dye laser systems basad on water
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continued st BARC. A non scanning atomic
magnetomatar with simultaneous frequency
standard bagsed on coherant population trapping
has been developad. A lager heating facility was
gatup using IR [asar.

Electronics & Instrumentation

On the nuclear instrumertation front
BARC developed a large arsa 2D position
sensitive cathoda strip gas datactors for
datecting the flsslon fragments. Very sensitive
Differential MicroBarometer was developed to
measurs yery minute and very slow variations of
atmospheric pressure around the mean,

A muSi-wirs oathods strip deteotor
Three appllcaton-specific Integrated
clreults  {ASICs) — Anusanskar, Anuspandan,

Anusparshdl were designed, fabrcated and
tested in BARC.

Electronles Corporation of Indla Limited
{ECIL) I engaged In the design, developmant,
manufacture, supply, Installation and
commissioning of & wide variely of electronic
equipment for the Atomic Energy, Defence,
Asroepacs, Security, Information Technology and
a-Govemance sectors. ECIL Is also a key partnar
In the Implamentation of National Population
Register (NPR) and socio-economic & casie
ceneus (SECC) projects of Govt. of India.

During the year, ECIL took major Initiatives
to Introduce new products such as Indigenously
designed camier switch routers, secure network
access systemn (SNAS) and imtegrated threat

managemeant appllance {ITMA) to mitigate the
Information securlty concerng eapeclally In
strategic areas. New Products introduced during
the year were BF3 based Drum Monitor, EC
Router, Voter Verifiable Paper Audit Trail (WWPAT),
MPROGICON PLC Systam and Softwara Definad
Radlo (SDRs). Waork on projects such as Carrier
Switch Routers; Devslopment of Softwars for
Intelligent Traffic Management System and
Building Automation; Design, devslopment and
production of Sacura Routar and Transporters;
Integration of ECSCADA software with ECIL's
MPROGICON 5000 PLC was urtler progress.

Other significant achievemenis during the
year 2012-13 Included supply of Control &
Ingtrumentation (C&l) squipment to PFBR
project, Fisld Engineering Services to
Kudankulam Nuclear Power Project; supply of
MSRAS-ll squipment, sensor packages, and
Ground Control Systems for Akash and BrehMos
Misslles for Delence sector; Communication
equipment including artennas for establishing a
Ground Station at Antarctica for space sector;
Automation of Maharashira Sales Tax
Department's operatlons and Supervisory
Control and Data Acquisition Equipment to Oll
and Steel industries. The data digitization work of
NPR projectwas complated.

Robotlcs

Mobile fracked robot wag designed and
developad by BARC to work on rough terraln and
climb stalrcasss. Portable wireless controlled,

|
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ngged moblls robot with on-boand articulbed
vk aleo developad,

A Moblle robal based online. mwliation
mapping syatam wae dovaloped by VECD and
succassiully usad In differemt sgpedments to
maadurae the doss rate of vaious regions of K-13¢

oycitronfaciiy.
Cryogenics

A prototype of & Varabhls Tempersiurs
inzart (VTT) wae developed in-house st VECE and
Ewaa putin a glaes cryostal. This was usad aa o
cryogenic thermomsier calibretion feciiity
commissonad In fulfiimem of the aringent
quirsmante on the tsmpemshss corrol of the
ayogenic wyelerme oy calbrating indusirial
aryogenle thamomatera that Include a
mpasraiur sersorand e wirse heat-imsraspt.

The 2 K cryostat wes tasied, accepbed and
inatolad In a subterransan pit at e oryogenics
buliding. Insiaistion of hardware, elecironic
conirela and hedum trerefer linee otc. was In
prog resa st RRCAT.

Fipasline Inepaction Gaugea (FiGs) for
plpeiines of ssveral alzes under a Mol with KXCL
wian davelopad An axparimantal helium Bguafier

- -

lltﬂrpﬂhmu-nh-ﬂ.ﬂﬂlnil
pegenics beilom of RREAT

waa bulk ut BARC. Proceas dasign of & new 250W

gl 45 K hellum refdparaiar 1 be developed
during the 121h plsnwas comploted.

RADIOIEOTOPES & RAMATION
TECHNOLOGY AND THEIR
APPLICATIONS

DAE has besn playing e significant rolein
the development mmd spplications of varous
radinisotopes in healthcanre, (ndustry, sgreuliure
and resaarch indla @ one of the leading countries
in the izolope technology today a5 & resull ot ihe
consistent efforts of DAE

Aadigisotopes sra produced In the
tesaarch féeactora a8l Trombay, accelsrmior at
Eolkete and the vanous nuclear powsr plants of
NPCIL Dunng The reporn peniod, 8 widae vamiety of
rachcsolonas for meacal, industnal and resaarnn
applicaligns were produced and supplied by
BARC. The Bowrd of Radisflon end |solope
Technalegy (BRIT) preduced and supplied & wide
rtange of radiolsotopo products, and radialion
tachnology aguipment lor medical Bnd Industnal
uses BRITs plants for radiation stenlization of
medical products and radigfion processing of
spices and alled products confinled o affer
seryices to medical and agro-industry, Radiation
techrnology beaed lools’ and lechnigues
bensfined vanety of indusines anad social sector

Agricuturs

A lange sead Trombay groundnut vardety,
TQ 47 (Bhesma) was rdlessed and noitled
RARE T1 for commarcial culthtion for aarly kharf
ard ratl under irigadsd oonditions In all ggo-
cimatic zonce of Andhra Pradeah. Aboit 372
quimsls breeder seod of Trombay groundmut
variotios were muliplad and diembuted o
differextt seed agencies and farmers for further
fowridadi on seed productn.



In mungbean, two recessive genes
goveming resistance to yellow mosaic virus
{MYMV) were |dentified. In uradbean, breading
programmea on development of yellow mosslc
virus and powdery mildew disease reaistant black
gram varlely was undartalon. A selection of rice
involving mutart as a parent was tested and
found to be high yielding. In wheat, early mutants
of Cv. G308 were tested at IARI, Indore. A protocol
for exdrection end HPLG separation of varous
sugars In blackgram was standardised.

Investigations on the indigenous
medicinal plant Ophiorrhiza species were
pursued for the production of the Camptotheca
alkalolde used In cancer therapy. Plant tissue and
organ cultures of Ophlorhiza were sstablished
and mass cultivated for the extraction and
isolation of bicactve conglituents.

A novel plasma membrane aguaporin
{MugaPIP-2) was |dentifled from banana
Expressad Sequance Teg(EST) detabese and
used to transform embryogenic suspensgion
cultures of banana Stably fransformed banana
plarms showed improved tolerance to salt,
drought and cold stress.

Two Important fungal proteine nemely
Valvet proteln and a Fungal Transeription Factor
(1) In Fusarium Oxysporum Cubense (FOC)
imnvolved in spore germination and mycsdial
growth in filamentous fungi of fusarium dissage,
waere idertified.

000000 snenee

A lurge seed Trombey groundnut verety, TG 47
relgased for Ardhre Precesh
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Fruit fly infestation on fruit and vegetables
crops wae analyzed with the help of National
Research Instiutes and Agricultural Universities
using differant dasigns of pheromones based on
methyal eugenol and Cue-luretraps.

The DC accelerator at RRCAT was utilized
for exploiting the potential of eleciron beam
irradiation ag phyto-sanitary treatment against
pulse beetles In seeds of varlous grain legumes.

Food Technology

A prooess for praventing browning and
extending shelf e of litchl frults for 45-80 days by
a sequential dip treatment using GRAS chemicals
and the technology transfer was developad by
BARC. Dosimetry protocols were standardized at
KRAUSHAK faclity for appllcaton of radiation
processing s & quarantine requirement for
axportof pomegranate to USA.

A combination of nisin (1000 U) and low
dose radiation treatment (1kGy) to improve
microbiological quality of minced meat using
packed Inoculum studles was Investigeted.
Protocols ware standardized for determining the
optimum dose for exttension of shalf [ife of Ready-
To-Cook (RTC) pumpkin.

A process was developed for preparation
of Ready-To-Cook (RTC) kidney baan {(Ra|jma) by
precooking and drying. Methods wara
standardized for Identification of marker volatlles
in food packaging for early detection of food
spoilags,

At RRCAT, collsborative research and
development work on alactron beam lradiation of
pulses for food pressrvation and quarantine was
dong with National Bureau of Plamt Genetic
Resources, New Delhi.
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Nuclear Medicine and Healthcare

At BARC, regular operation of Madical
Cyclotron and production of "F and synthesis of
"F-FDQ@, "“F-Naf, "F-FLT and “F-FMISO was
camed out to meet the In-house as well as the
nearby hospital requiremants, Largs numbers of
thyrold cancar patlents ware givan **'| therapy and
palllative care was extended to bone-metastatic
patients. "™ Tc-tetrafosmin, a radiopharmacsutical
for myocardial perfusion studles was developsd
and clinical studles of * Te-TRODAT for dlagnosis
of Parkinson's disease and ""Tc-Hynle-TOC for
nauro - andocrine diseases was undertaken. The
tachnology for Indigencus Digital Radlotherapy
Simulator for localization of tumor, radiotherapy
planning and treatment plan verification was also
developed.

VECC In collaboration with BRIT, Kolkata
developed and tested an automated ™Tc
generator, AUTOS0LEX. The entire development
starting from the hardware design, the fimware
cods and the aofiware application were dona In-
houss.

BRIT supplied consignment of 20,000
ready to use radlopharmaceuticals of which ™|
radiopharmaceuticals amounted to about 530 Cl
in over 17,000. Production and supply of
injectable products was considerably increased.

A new facllity was sat up at BRIT for
production of high activity 1-131 capsulas which
will enhance the wolume of |-131 capsule
production and enable manufacturing of
capsules coraining higher 131 radioactivity for
tha treatment of thyrold cancer.

BRIT continued to produce and supply
radioimmunoassay (RIA) and
immunoradiometric assay (IRMA} kits. RIA
Laborataory received LIKAS (United Kingdom
Accreditetion Searvices) accreditatlon and
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imemnational Quality Standards cerification. Two
new products "Mo-*"Te alumina column
generator and ready to uss radiophamacautical
Colloidal Samarium Phesphate P wers
launched. Commissloning of the column
generator production facllity at BRIT and
avallablity of generstor "COLTECH" made a
great market impact.

Reglonal Centres of BRIT In Delhl and
Bangaluru regularly supplied ready-to-use ™ Tc
Radiopharmaceuticals and cold kits in their
regions; Regional Centrs, Kolkata was engagsd
In * T production through Mo reaction In the
cyclotron. The purification work of *Tc suitable
for preparation of * Teradlopharmacsuticals was
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carried under the IAEA CRP. Regional Centre,
Dibrugarh rendered the RIA and IRMA diagnostic
services for the benefit of patients of the entire
north-eastern region. Regional Centre,
Hyderabad in collaboration with RMC, BARC,
Mumbai developed a gel based PCR diagnostic
kit for detection of M tuberculosis. Work relating to
the setting up of new Radioanalytical Laboratory
at Regional Centre, Bangaluru and also at BRIT
Project House, Deonar, Mumbai is in progress.

At Regional Center, RAPPCOF, KOTA, a
total Cobalt-60 activity of 861 kCi in 17 sub
assemblies was processed. Fifteen numbers of
W-91 sources were fabricated at RAPPCOF. Two
teams of RAPPCOF successfully carried out
source loadings at OGFL and JCPL, Bhiwadi.

Alternative Applications of Heavy
Water

Alternate applications of Heavy Water are
opening up new business opportunities in the
field of medicine. Heavy Water Board made
following significant progress in keeping pace
with these developments:

HWB took up process development for
separation of O from natural water on realization
of potential requirements of 'O having
application in nuclear medicine and bio-chemical
research. Doubly Labeled Water (DLW) having
certain concentration of D,°0 was used for
measuring energy expenditure, total body water
content, etc. O finds use in Positron Emission
Tomography (PET) used for detection and
staging malignancies.

Actions were initiated for collaborative
research work on alternate uses of Heavy Water.
Developmental activities, as per the MOU signed
between Heavy Water Board and BRIT on
deuterium labeled compounds and allied value
added products are in progress. HWB also

signed agreements with three Indian companies
for development of D-labeled reagents, D-labeled
APIs and NMR solvents and allied value added
products.

Cancer Diagnostics & Treatment
services

The Tata Memorial Centre (TMC)
comprising Tata Memorial Hospital (TMH) and the
Advanced Centre for Treatment, Research and
Education in Cancer (ACTREC) engaged in
research, education and comprehensive care of
cancer patients is a grant-in-aid institution under
the administrative control of DAE. The TMC
continued its activities in diagnosis, treatment
and research in cancer as well as in training and
education to provide the highest standard of
patient care.

During the report period, at the Tata
Memorial Hospital, about 56,000 cases of
conventional radiography and over 9300 cases of
mammography were handled. Around 20,200
cancer surgeries were done at TMH & ACTREC.

TMC continued its outreach programmes
such as 'TMC-Rural Outreach Programme' in the
districts of Ratnagiri, Maharashtra and 'TMC-
Urban Outreach Programme' in the slums of
eastern suburbs of Mumbai viz. Mankhurd,
Paylipada.

As part of its Information Education and
Communication activities about 50 cancer
awareness programmes for general population
were conducted. Cancer Education pamphlets in
regional languages, posters, flip charts, audio-
visual cancer education clips and Cancer
Exhibition aids were distributed. Around 11,000
people got benefitted through these programs.

Under its Training and Capacity Building
programs Capacity Building workshops in
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Cancer Prevention Control and Early Detection
activities for Medlcal and Para medical health
profassionals were conducted.

Collaborations with Maharashtra State
Public Health Depariment and Navi Mumbai
Municipal Corporation (NMMC)} to establish
Cancer Control, Prevention and Esrly Detection
Programs for Cervical, Oral and Breast cancersio
be Integrated with the Natlonal Non
Communicable Diseases (NCD) and National
Rural Health Mission (NREHM) were in progress.

Industrial Applications of
Hadlolsoiopes & Radiation

Irradiatar sources of 1300 kGCi activity were
supplied to NIPRO, Satara, JPCL, Bhiwadi, UML
Vadodara, and AVPP Ltd., Ambemath. ISOMED,
Trombay was loaded with addiional 78 kCl| and
RPF Vashl recelvad 200 kCl of cobalt-80 acthity.

Radiography Sources of 800 I-182; 7 Co-
&0 and 1 Tm-170 with a total activity of 40 kCi; 400
1 and 10 Cl respectivaly, were fabricated and
supplled to varfous NOT users In the country.
Radiation Sources of Co-60, Cs-137 and Tm-170
for Nucleonic Gauges and other varicus
applications werse mads. GC-4000 unit supplied
to Urugway brought from USA In two numbers of
Type A lead pots were sent back to them after
removal of sources.

For the first time, 3 Ci Ir-182 HDR source
was fabricated for the Indigenous HDR unit.
Newly Installed 3 port laser systam was used for
the radlometry of tha HDR tranaport flaske.

Radlatlon Processing

At ISOMED, Trombay, the average plamt
utilization factor was around 968% and load
availability of healthcare product was 100%. The
source strangth was augmanied to 400 kCls.

About 2733 MT of splces ware processsd
at Radiation Procession Plant, Vashi. E-payment
facility was provided to customers for payment of
processing charges. Two Radiation Processing
Plants namely, M/s Hindustan Agro Co-Opsrative
Ltd., Rahur, Maharashira and M/s Nipro India
Corporation Pvt. Lid, Pune with source loading of
65 kCi and 275 kCi respectively were
commissioned.

BRIT slgned threa MolJ's with M/s |sorad
Tech Pvt Lid, Chennal, M/s Divyakiran Agro
Processing Pvt Lid, Anand, Gujarat and M/s
Radura Imadiators, Nashik, Maharashitra for
satting up of Radlation Processing plant.

Radiation Technology based
Equipment & Services

A cross linked polymer for moldable
electrical insulation components were developed



ai BRIT vaing 2 MeV alociron besem LS8 BEH
pccalemior Gamma Chamber GC 1200 woa
sipplind and Insialled st Hallonad Bolankeal
Fesoarch Inattube, Lucinow, A GO 6000 unitwas
kopt ready for sxport o Bangiadesh insttuds of
Muslgar Agrdculiurg.

A new soures eximaction tood weas
developed for removing and tansferring the
decayed sourcs from Gamma Chamben to type
B U} perchoagyms. Thnea Blood Imadiator 2000 units
wers supplied and Inemiled &t Anjeay Gandhl
Canper Insifuie, Del; Sund Rakndan Kendm,
Surat and Apalio Hospital, Hydenabad.

A ranw radlography carara maods RAOLL-2
waa introducad InMovernber 201 2. BRIT supplled

56 muilogrmaphy wopasum devioes, senvoed 371
ROL camares, remaved 789 decayed sources
and Inspectad 581 imported camemas. ROL 1
g ward Hoeted al the REPF workahop and
the Radiologlcal lab of BARC.

Radiotraces techniqus wae Used for leak
datection In serdes of haat exchangern &t Chennal
Pastrodeum Conparation Umied {GRGL), Chanrl
and Bharat Petroloum Corpomtion Limhted
{BPCL}, Mumbal.

Gamma scanning of process columne
was caried out by using ssaled sourcs “Co in
varlous refinades and chemical indusries for
treubleshooting. Elght fabricalion work orders
wbrs pasayisd 1o wpply BC18E type  soUme
tranaportation cages to domeatic and
international Imadistors. Work on Fleelon

Maolybdanim Project for satting up of 2 State-af
the At GMP compllamt facikty capabie of

producing 300.C1 par weelk “Mowss In progrees.

The & MeV Linsc wes developed at
Eleotron Bsam Cermie BARC o provide Z-
matarial dscriminatlon in contalnar cargo
poanming.
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laotopa Hydrology & Wetnr
RDegalination

An lsotope Hydrological investigetion waa
eiarriadd qut bry BARC to urdersiand gronrchasier
recharge to mhallow groundwatara at
Dhamanmma vilage, Chipn and st Madhal
vilage In Guhager Taluk, Mahareshira.

i s Pt (T wooti o MBS Kakpalears

A solar enangy driven meambmns based
desalinution/ water purifioation systen wasg
devalopad by BARC. Nuclesr Desalnetion
Bemaonetration Flant (NODDF st Kalpakieam,
conclating of Wull-Stage Hoah {MSF} ard
Reverss OQamoals (RO} seclions wes opermied
rourtd e clook producing gualty product water
A 30 mifday capacity Muli-Effect Distfiletion
Themal Vapor Comprasaion (MED-TVEG plant
wih dosignad and devalapad by BARG.

BASIC & APPLIED RESEARCH

Basic &nd apohed resaaches ralevant 1o
DAEs programme are carmed oul in the resaarch
cehfres of the department, The  aulorcmous
resanrch inatliutes sre supponed by the grani-n-
aid. Following were the notabile developments in
the felds of baslc and applisd resesarch caried
oul dunng tha repor penod, by hese research
mghtutos
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Mathematics & Computation

At TIFR, representation squivalent latticas
in products of real and p-adic Lie groups were
investigated. The power of saquential decoding
for channels with classical input and quarnium
output was studied, and a strategy for achieving
sxisting capacity bounds was developed.

At SINE the slgerwalue problem of the DN
type of Calogero mode| was solved by mapping it
toc a sst of decoupled gquantum harmmonic
osclliators through a singular simllarlty
transformation. The levsl density distributions for
a clags of 1-dimensional clagsical vertex models
related to Haldane-Shastry like spin chains were
studied. Phases of matter at the Planck scale,
whers quantum effect of gravity are important
were studled. The twisted stetistics of quantum
fields In tha vicinity of & noncommutative black
hole at the Planck scale wers Investigated. In
quartum field, the on-going work includsd the
study of comelators of the topological charge
denslty, willson loop, plon and nuclson
propagator, and tiopologlcal charge and
susceptiblitty, with the Domaln-Decomposed
Hybrid Monte Carlo algorithm.

At HAI, the research work spanned the
domalnsg of number theory, algebralc number

theory and analysls and geometry.

Institute of Mathematical Sciences
comtinued its ongoing projects of Mathematics
Education on Mathematical Scisnces without
Walls; Devsloping tools for dynamical modelling
of C slegans neurnnal network activity; Interplay
of non-lineartty with quantum effects and curve
geometry; INO Project and Potential Theary on
Irfinite Networks and Trees.

The School of Mathematical Sclences et
NISER continued Its teaching and research
activities and conducted seminars regularly.

National Institute of Science Education &
Reseach (NISER) has academic expertise in
harmonlc enelysls, operator theory,
representations of geometries, number theory,
cryptography, algebralc graph theary and
probability theory.

Physics

At BARCG the Gamma-ray spectroscopy of
neutron rich nuclel, populated In thermal neutron
induced fission of “U at Dhruva reactor faciliies
was taken up. BARC confinued to participate in
thea Pb+Pb and p+p data anahlsis in the
Compact Muon Solenold (CMS} heavy lon
expariment at CERN, Larga Hadron Colllder

(LHO).

A systemnatic Raman spaciroscopic study
of thorlum based nuclear fusis was camisd out at
BARC to demonstirate non-destructive
composiion analyses of proposed nuclear fusls
like ThOZ-UO2 mixture and simulated high-
bumup nuclear fuel (SIMFUEL).

A new process was developed to prepars
optically transparent ceramics (OTC) of the
CaF,-Mn and CaF,:Mn+Ca.

Tha TACTIC gamma ray telescope at Mt.
Abuwas deployed for chservation of a number of
Active Galactic Nuclei & monitor their flaring
activity in the TeV energy range.

Ansanidly of MACE tehesoope =t Hyderbed



Manufacturing acthvitles related 1o the
various sub-systems of the 21m diameter Major
Atmoepheric Cerenkov Experiment (MACE)
gamma-ray telescope progressaed wall. A
prototype of the 18-channal detector module was
assembled and its detailed testing was under
progress.

At RRACAT, generation of quasimono
spergetic electron beam In plasma plume
producad from the ablation of ylon target was
demonstrated, The Boss-Eingtsin Condensation
has been obssrved In a “Rb atom-cloud by an
absorption probs technique using an upgraded
in-house developed double magneto-optical trap
{MOT) setup.

A new laboratory for fabrication of neutron
detector was developed at VECC. Several
neutron tlme of fllght {TOF) detectors of
dimenslon 7"x 5" were developed and a detector
with new design was falricated on the basls of
R&D carried out on various design aspects of
neutron detector made of liquid scintillators.

The studles conducted at TIFA Included a
nano-electromechanical system fashionad out of
an incommensurate charge density wave (CDW)
and a theoretical modal of proportionate growth
of baby animals.

In Astronomy and Astrophysics, detectors
for hard Xeray astronomy and an (nfrared
Spectroscoplic Imaging Survey (IRSIS) payload
for anindlan Small Satellte were developed. Near
infrared imaging camera developed in-houzo was

successiully used for sclence observations. The
major upgrades of various sub-systems of Giant
Metrewave Radio Telsescope (GMRAT) progressed
further. Evidanca for the Standerd Model Higgs
bosan at amass of ~125 GeV was presanted.

At SINF, the correlations betwsen electric
dipole polarzablity and the neutron-skin In
208Pb nuclaus were studled using several non-
relativistic and relativistic meanfleld models.
Thermodynamic properties and other
phenomenclogical aspects of very hat and dense
matier created In heavydon collislons wars
pursuad. The stangeness —2 sector wag
investigated by studies of the {(K— ,K+) reactions
on proton and haavier nuclei.

HRI, camied out research acthvities In five
major areas of Physics and they wers
Agtrophysics, Condensad Matter Physics, High
Energy Physics, Quantum Information and
GCompurting and String Theory. Tha astrophysics
group camed out measuremert of the power
spectrum and the bi-spectrum for various
inflationary models wers carried out and in
general relativity, various aspects of quantum
fislds In curved spaca ime were studled.

The Condensed Matter Physics group
works in many areas such as Statistical
Machanics and Chaos, Strongly comelated
Systems and Cold Aloms, Mesoscoplc Systems
and Spintronics, and Eleclronic Structure and
Clusters. During the year the quantum
Information and computation group at HRI
produced 15 research papers. The members of
the string group undertook a study of the decay of
massive fields in de Sitter space.

The High Energy Physlcs group
continued to focus on gystematic studles of
physics signals at the Large Hadron Collider
{LHC), the biggsst ever intemational experiment
in the history of fundamental sclence. Work on
suparsymmetric exdenslons of the Standard
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Model and the Implications of a non-standard
Higgs sector and sxira space-ime dimensions
were also carried out

The Institute of Physics is involved in
pursulng research In Siring theory, Coemology
and Particla physles. Some of the toples of recent
Interest are gauge / gravity duality, black hole
Physics, anisotropic power law inflation, different
aspects of relativistic heavy ion collisions, and
dual superconductor model of Hadronkzatlon.
Study of cross section procasses of one loop
which are Important for analysis of LHC data In
high energy phenomenciogy was carried out.
Research was also focused on nuclear structure
and nuclear reactlons.

Major activities on experimental skde at
IOFP included studies of accelerator based
material science, surface and interface physics
and nano systems. Analysls of valence band
slactronic structure and band mapping of
transition metal-oxide compounds using
photoslectron spectroscopy was undartaken.
New faciliies like SQUIDASM and spectral
response syetemn for studles of magnetic and
aptical propertles of matarials wers also added.

At NISER, The School of Physical
Sciences continued to provide research activities
and the areas covered Included High-energy
physics, Condsnsed-matter physics, Bose-
Elnstein condensation, nonlinear optics, Laser

Phiysics and Nano-pheotonics.
Synchroirons and thelr Applications

For carrying out advanced basic
research, the Rala Ramanna Centre for Advancsd
Technology (RRCAT) had earller set up
Synchrotron Radiation Sources Indus-14&2.

The synchrotron radiation sources Indus-
1 and Indus-2 at RRCGAT operated In the round-

A aoetion of the Indus-2 experimental hall
showing the bsamines fanning out st RACAT

Bsamiine developed by SINF

the-clock mode, The beam lifetime of Indus-2 at
2.5 Gey, 100 mA gotimproved from 5 hours to 16
hours. A feedback confrol sysiem was Installed
to actively maintain the electron orblt of Indus-2
hoth In horzontal and vertical planes. Eight
beamlines on Indus-2 are now opearational.

The X-ray photo-slectron spectroscopy,
proteln crystallography and visible dlagnostic
keamlines on Indus-2 were commissloned during
the year. The scanning extandead X-ray absorption
fine structure and grazing incidence Xray
scattering beamlines were In advanced steges of
commissloning. Exlsiing beamlines wers
upgraded with faclitles for carrying out
egenments at low & high-termperature and high-
pressure. The commissioned beamlines were
used for a varlety of research Investigations.

The dispersive extended Xray absorption
fine structure (EXAFS) beamling on Indus-1 was
upgraded with alow temperature facility.
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SINP developed an Indian Beamline at
Photon Factory Synchrotron, KEK, Japan. Fifteen
research institutes of India used this beamline.
This beamline is expected to be opened for
international use on March 2013. SINP is also the
nodal institute for Indian access to PETRA-III
synchrotron at DESY, Germany.

Fusion and Other Plasma
Technologies

At the Institute of Plasma Research the
experiments on Aditya tokamak continued to
remain focused on breakdown and startup for
generating necessary inputs for first plasma
operation inSuperconducting Steadystate
Tokamak (SST-1). In the refurbished SST-1
machine, engineering validations of various
subsystems commenced. The assembled SST-1
Toroidal Field Magnet system was successfully
charged to 1.1T after the system became
superconducting. The diagnostics needed for the
first plasma were integrated and tested for
plasma operation. lon Cyclotron RF (ICRF)
systems based gas breakdown was achieved
with low toroidal magnetic fields. The initiation of
tokamak like plasma production was in progress.

The 42GHz Electron Cyclotron
Resonance Heating system (ECRH) was
commissioned to carry out ECRH assisted
breakdown experiments in both SST-1 and Aditya
tokamaks. Tungsten coating technology was
developed for first wall components of tokamak
with the collaboration of ARCI, Hyderabad.

High Power (200kW) Electron Beam
System required for high heat flux facility was
commissioned at the institute. A pump driven
Lead-Lithium loop with indigenously developed
components for corrosion experiment was
successfully commissioned and set for operation
inIPR.

Development of large cryogenic systems
was undertaken. Remote handling (RH) and
robotics technologies related activities were also
initiated.

An accelerator based 14Mev neutron
generator was developed for neutronics
diagnostics and to study tritium breeding.
Characterization of polycrystalline chemical
vapor deposited (CVD) diamond detector was
done. Experiments on tritium extraction studies
on irradiated Lithium Titanate (Li,TiO,) powder
were in progress. MCNP code analysis necessary
for shielding design of the proposed laboratory
was completed.

At Facilitation Center for Industrial Plasma
Technology (FCIPT), IPR while completing and
executing the committed projects, various new
projects were also accepted.

Chemistry

A procedure was developed at BARC to
prepare stable composite beads containing TiO,
by preparing cross linked chitosan-TiO,
composite beads. These composite beads were
prepared using locally available titanium oxide
and natural polymer chitosan (derived from
shrimp shells), making it highly cost effective.

A two dimensional infrared (2D-IR)
spectrometer was developed around a 1 kHz
amplified femto-second (fs) laser system. The
infrared laser pulse used for the excitation of the
sample was generated in two optical parametric
amplifiers (OPA).

Several enantio-selective chemical and
enzymatic asymmetric protocols were formulated
and used for the syntheses of a diverse array of
anti-cancer and immuno-modulatory
compounds.
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New protocols for D-labeling were
developed and used for the synthesis of D-
labeled tributyl phosphates and deuteriated-
drugs. To explore new biocides for bio-fouling
and microbial control, a wound dressing that
works on the principle of release of nitrogen
oxides from acidified sodium nitrite was
developed.

A facility for femtosecond transient
spectroscopy was setup at TIFR and studies of
reaction mechanism in utrafast photoinduced ET
was initiated along with work in carotenoid
metabolism and molecular photocatalyst
development. Studies on the mechanical
properties of a ubiquitin-like protein SUMO2 were
also completed.

The School of Chemical Sciences, NISER
embarked on teaching and research activity inthe
traditional organic, inorganic, physical and
theoretical chemistry areas as well as in the
interface areas of Biology, Material Sciences and
Medicine. It also imparted high quality
undergraduate and postgraduate level of
knowledge to students.

Biology

At BARC, the activities were focused on
basic and applied research aimed at
understanding mechanisms underlying cellular
responses to radiation, oxidative and other
stresses in Deinococcus radiodurans, Anabaena,
E. coli and rice at molecular and structural level
using recombinant DNA techniques and TEM
facilities.

Surface Plasmon Resonance and Atomic
Force Microscope procured under Xlth plan were
installed and made functional.

Matrix-assisted Laser
Desorption/lonization-Time of Flight Mass

Spectroscopy facility was used to identify about
400 proteins from cyanobacteria native to Indian
soils to generate proteomic maps and
understand their response to oxidative stress.

Gglycolytic enzyme Enolase, a novel drug
target and vaccine candidate for Plasmodium
species that cause malaria in humans and are
increasingly becoming resistant to existing drugs
was identified by TIFR. An Ecosystem ecology
laboratory and Greenhouse facility was set up
and genetic sequencing and genotype services
were initiated with the addition of more NGS
instruments.

SINP scientists took active initiative in
structural genomics and proteomics research in
hematological and neurodegenerative diseases.
Gene therapy of chronic myeloid leukemia and
structural elucidation of two important
hemoglobin variants, implicated in thalassemia
were done.

Understanding the biomolecular
recognition process and the structure-function
correlation in nucleic acids through
bioinformatics based theoretical approach were
the major activities in biophysics at SINP. Study of
biophysical properties of lamins to understand
their roles as intermediary filaments was also
carried out. In chemical sciences, a new method
for label free and rapid impedimetric sensing of
Escherichia coli using antibody antigen bound on
conducting polyaniline film was reported.

Interdisciplinary learning through
extensive subjects covering all fields of modern
biology and inter-phasing with other scientific
disciplines and undertaking high quality research
activities in defined areas of biosciences was the
focus of the school of Biological Sciences at
NISER.
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Materinls Sclencs

Molten Salt Natural Girculation test facility
was setup In BARC. Effect of various orentations
of heater and cooler can be studied In this
axperimental facility. As a part of indigenecus
development of Scanning Electron Microscopy
{SEM), fabrication of the filamemt support
assambly wes accomplished In BARC. A test
facliity to study the In siiu comrosion In the molten
salt ervironment was setup.

Toat fecllty to widy corrosion in molien Salk

Various types of glass bassad devicss like
lonization vacuum gauge (BA Typs), glass-to-
matal and caramic-to-metal seals were produced.
Several Fe and Co based amorphous and
nanocrystalline metallic glassss wers
syntheslzed using rapid solidification technique.

AnInvestigation onformation of aluminide
coatings on Ni-based superalloy 820 substrate by
low Al-containing pack aluminization process
foliowed by Hs charscterizaion have bean
undertaken.

A 400 kV accelerator which would transact
hellum and cther gaseous lons to the UHV
Iradiation system of the 1.7 MV tandetron
accelerator together forming a dual beam faciity,
was developed indigenousty at IGCAR.

Studies conducted at TIFR Ingluded
inducing metal-insulator ransition in VO2 using
an olectrolyte gate, wide bandwidth actuation and
detection of nanowire NEME& and incidence
angls and polarization Indepandent plasmon
excitation and second harmonic generation In
Plasmonic quasi-crystals, Highly oriented films of
TiO, aligned nanorods were successiully grown
directly on FTQ. ZnTi),, a2 novel titanate was
synthesised with phase purlty and shown to be
photocatalytic under vigible light.

Cencer Ressarch

ACTREC provided public interface to
cancer research through s focus on nationally
ralavant research on common cancers,
outstanding clinlcal outcome In a large voluma
Bone Marrow Transplantation programme and by
developing and disseminating indigenous
tschnology such as Bhabhatron In collaboration
with BARC.

The Clinical Ressarch Centre programs
comtinued to show an upward trend during 2012,
particularly In terms of the patlent services
provided. Over 4400 new patlents were referred
to the Centre for investigation or trestment as a
part of various IRB approved translaional or
clinical resparch projects. A Dental Clinlc and
Pediatric OPD were set up and made fully
functional to meet patient requirements. A new
Digital Subtraction Angiography (DSA) facility
was donated to the Centre by a philanthropic
arganization.

The new investigations at the Cancer
Research Institute included study of the structure,
function and specificity of proapoptotic proteins
and thelr role In cancer; examination of Infra red
absorption, Raman and fluorescencs
spectroscopy methods; development of imaging
protocals for human cancer; early detection of
malecular changes In ovaran cancer cells; use of

— . ——
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biophysical techniques, macromolacular
crystallography, structural biology and
bloinformatics tools to visuallze cancer
susceptibliity genes and proteins; study of
molecular and cellular mechanisms goveming
stem cell regulation and their perturbation during

oncogenasis.

Assessment of the anti-metastatic activity
of drugs and other complexes and a detailed
study of the aberrant expreselon In cancer of the
Intermediate filament protelns keratin and
vimenttin made progross.

Quallty Inltiatives undertaken during the
year In order to Improve patlent care were:
analysis of incident reporting with root causs
ansalysis, patient fesdback redressal with
rasponga from the respective areas with regard to
patient suggestions and complalnts; reglstering
patlerts at ACTREC and Implementation of
refarral card facility.

INTERNATIONAL
RESEARCH
COLLABORATIONS

India is setling up the Global Centre for
Nuclear Energy Parinership which will provide a
forum for joint work with Ha international pariners
in development of proliferation resistant reactor
technologies, nuclear security iechnologies,
radlologlcal safety and radiafion technology
application.

BARC 8 & major collaborator in the
Compact Muon Solenold (CMS) heavy lon
expariment at Large Hadron Gollider (LHC) at
CERN.

Under DAE-JHR bllateral collaboration,
conceptual deslgn of sample camier for high
temperature Imadiation In Jules Horowttz Reactor

(JHR) was camied out at BARC. Advanced
research was camied out on application of
Physlcs-of-Fallure methods to prognostics and
health management of electronlc components
and R&D collaborative programme was under
taken with Center for Advanced Life Cycle
Enginearing, Lnivarsity of Maryland, USA.

International Atomic Energy Agency
awarded a project to BARC on 'Development of
an |AEA Safety Seriee on Application of
Probabllistic Assesament for Research Reactor'.

Under CEA-IGCAR cooperation on
LMFBR safety, elevan collaborative projects were
In progress. Based on design experlence and
feadback derived from construction experience
of PFBR, IGCAR recommended revisions / new
rules for the deslgn and construction code RCC-
MR (2010). AFCEN Is discussing them with
IGCAR ontherecommendations.

Under Indlan Instltution Fermlilab
Collahoration {IIFC), RRCAT fabricatad a 1.3 GHz
5cell SCRAF cavty and the pre-processing
gqualification tests for the cavily were camied out. A
Prototype power axtraction and transfer structure
components (PETS bars) wera fabriceted In India
and suppiled o CERN.

1.2 GHz five-call supsnconducting AF cavity

The participation of VECC scientists at
LHC-CERN for the quest of Quark Gluon Plasma
(QQP) had bome frults In terms of analyzing huge
amount of data collectsd from p+p and Pb+Pb
collisions. The Photon Muliiplicity Detector {(PMD)
built by VECC was a strong partner in data taking.
Dadicated efiorts on deta analyses made

Hogress.
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VECC made significant contributions both
in hardware and analysis in STAR experiment at
BNL-USA. The first Multigap Resistive Plate
Chamber (MRPC) module built at VECC was
installed in the STAR experiment aiter detailed
testing and a prototype MRPC-based TOF
system was installed to demonstrate the proof-of-
principle of using MRPC.

At TIFR, work on the upgrade of the silicon
vertex detector (SVD) for the next phase of
experiment called Belle | progressed.

SINP remained involved in experiments at
the LHC at CERN. It is also involved in the ALICE
experiment. During the year, the Large Hadron
Collider provided large amount of data. The
ALICE group in the institute constructed a part of
the forward muon spectrometer which has been
working satisfactorily during the entire period.

Joint projects of IMSc with other
international institutes included Indo-Austrian
(DST-BMWF) Joint Research Project on
Parameterized Complexity of Local Search;
CEFIPRA: Arithmetic circuits computing
polynomials with University of Paris VI; Indo-
German research grant of the Humboldt
Foundation for research on the graph
isomorphism problem; British Royal Society
project on above guarantee kernelization with
University of London.; LIA-Informel Project on
Concurrency and Automata theory with
University of Bordeaux and ENS-Cachan; INRIA -
Indo-French-Singapore project on Logic, Games
and Control theory.

ITER-Project

The Institute for Plasma Research (IPR) is
a major participant in the International
Thermonuclear Experimental Reactor (ITER)
Project coming up at Cadarache, France.

For ITER project, five more procurement
arrangements (PAs) were signed. A total credit
worth 4600 IUA was received from 10 for the in-
kind contribution and 266.835 IUA for the credited
Task Agreements. The building for ITER-India
laboratory at IPR was completed and being used
for various R&D activities.

At Center for Plasma Physics (CPP),
Guwahati, the divertor simulator experiment
progressed well. Design of the magnets for the
experiment along with the chamber was
completed.

Towards development and fabrication of
Nb3Sn based superconducting wire, a
composite extrusion billet containing 1324
Niobium elements was assembled at BARC.
Metallurgical characterisation of the product was
carried out. An innovative space saving online
fabrication facility was set up.

Reduced activation Ferritic-Martensitic
steel for Test Blanket Module for ITER was
developed at IGCAR by optimizing the content of
tungsten and tantalum for achieving superior
combination of ductile-to-brittle transition
temperature and tensile and creep properties.
Low cycle fatigue life of this steel was found to
increase with increase in both tungsten and
tantalum contents.

OTHERACTIVITIES

Research Education Linkages

DAE supports synergetic interaction
amongst the national laboratories and the
university systems mainly through grants-in-aid
to institutes of national eminence, funding of
extra-mural research, DAE-UGC Consortium for
Scientific Research and others. During the report
period, the major activities relating to Research
Education Linkages included the following.
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As a part of collaborative project with
Jadavpur University, Kolkata, fracture tests wera
conducted by BARC towards Investigation on
Master Curve an important inpat for intagrity
assessment of RPY under PTS.

2 Contraller

1 Crye-chmnber

1 O et - pesiuel
4 Suppot ampote £ Ll mivogen cylinder

& Temperainee illosor,

Experimontal Sotup for Genersiing Masinr Curve

Dhruva continued to be the only facllity for
radiolsotope production and served as a national
faciity for neutron beam research. A number of
research scholars from various academic
ingiitulions in the country ufilized the reactor
under the aegls of the UGC-DAE Consortium for
Sclentific Research.

Collaborative research and development
work was done by RRCAT with National Bureau of
Plant Genstic Resources, New Dslhl, to lssue
Import Permits and Phyto-ganitary Cartificates for
radlation procassedfood In ourcountry.

The India-based Neutring Observatory
(INO) prototype |aboratory worked continuously
over last one year at VECC. Studenta from all over
the country take pant In data taldng and data
analysis.

HUMAN RESOURCE
DEVELOPMENT AND
KNOWLEDGE
MANAGEMENT

Hemi Bhabha National instiiute

Homl Bhabha Natlonal Ingtitute (HBNI)
continuad to grow smocothly and staadily. HBNI
strengthened its linkages with premier research
and academic Instiutes In the couniry and
gbroad. Two Molls — one with Indlan Instihute of
Sclence, Bangalore and the other with University
of North Texas, Denton US were signed during the
year in this direction. Mols with Indian Institute of
Technology, Bombay and the Institute of
Chemical Technology, Mumbel were renawed. A
general agreament for academic co-operation
and eschange with Institute of fusion studies and
Departmert of Physics at the University of Texas
at Austinwas also signed during the year.

Training

BARC contlnued the academlic
programme of Orlentation Course for
Enginesring Graduates & Science Post-
Graduates (OCESS-2011) and conducted written
tests.

Advanced courses from electrical
sciences group were offered io the sligible
employees under 'QUEST-Continuing Education
Programme' scheme and sk advanced courses
ware hald under QUEST-3 and QUEST4.

The Radiation Medicine Centre (RMC) of
BARC regularly conducted two year diploma
course namely DAM for medlcal graeduates under
Homl Bhabha National Instihuite. These training
courses ware very useful In the propagation of
Nuclear Medicine throughout the country. The
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course included lectures, practicals, apprentice
programmes, demonstrations, scan review and
reading sessions and dissertations on short
projects. RMC also conducts one-year diploma
course under HBNI for science graduates.

BARC Training School AMD Campus,
Hyderabad continued its activity in second year
for Geology (12) and Geophysics (8) Trainee
Scientific Officers (TSO). AMD studentship
programme was continued and 125
M.Sc./M.Tech. students of different Universities
completed their project. BRNS projects (43 nos.)
were continued in collaboration with various
University/ Academic Institutions as R & D efforts
of AMD.

In NPCIL the human resource initiatives
were directed towards fulfilling the NPCIL's
mission and vision by attracting, motivating and
retaining right talent. These measures included
developing strategic and incremental packages
from time to time for effective Human Resource
Management and also to meet the aspirations of
the employees. During the year, 5056 man-days
of training were imparted. Training and
Development activities covered competency
development for fresh as well as experienced
manpower across hierarchy. Well developed
internal training programs, customized
management development programs with the
involvement of professional training institutes and
experts were also organized for higher levels.

The Institute of Physics contributed in a
significant way towards quality human resource
development in the form of a one year pre-
doctoral course followed by a Ph.D. program. The
Institute actively promoted interactions with
colleges, universities, academic institutions and
laboratories by means of visitor programs,
workshops, symposia and other academic
events.

Tata Memarial Hospital (TMH) registered
students for various postgraduate medical
courses. A two years short term Advance diploma
in Radio Imaging Technology is started. Training
programmes were conducted for Doctors,
Nurses and Technicians on continuing basis.
Short term observership and summer training
was provided to more than 500 Doctors, Nurses,
Technicians and graduate and postgraduate
science students.

NISER continued with its education and
research programmes in the fields of
mathematics, physical, chemical and biological
sciences.

Students selected by IMSc undergo two
years of rigorous course-work, and after
successful completion they join doctoral thesis
work. Several students visited the institute for a
semester working on shori-time research
projects. IMSc is involved in joint projects with
many national and international institutes. It
conducted several national and international
conferences, workshops and instructional
schools on regular basis. During the year, more
than 15 such events were organised.

Administrative Training Institute
continued professional development of officials
for various programmes catering to wide
spectrum. During the year, 96 programmes were
organised. About 380 programmes covering over
11000 employees have been organized till now
by ATl and a growth of about 175% was achieved.

In order to align with the National Training
Policy, strategies such as “Training for All” and
“Training at Doorstep” were used and training
programmes were arranged in many languages
at different localities like Shillong, Manuguru,
Kalpakkam, Hyderabad, Baroda, etc.

As part of employee welfare a two day
workshop on "Emotional Intelligence” and a one
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day workshop on "Security Awareness” were
organised for the family members of employees.

SPONSORED RESEARCH

Promotion of Extra-mural Research
in Nuclear Science

The Board of Research in Nuclear
Sciences (BRNS) an advisory body of the
Department of Atomic Energy provides financial
assistance to universities, academic institutions
and national laboratories for encouraging and
promoting scientific research in areas of
relevance to the mandate of DAE. . It also plays a
proactive role in tapping some of the highly
talented young scientists and technologists by
offering K.S. Krishnan Research Associateship
(KSKRA). DAE Graduate Fellowship Scheme
(DGFS) of BRNS identifies and encourages
graduate level students doing M.Tech. at IITs and
NITs to initiate them in a career to pursue scientific
research. Selected young scientists are awarded
fellowship under DGFS to work on research
projects in any one of the DAE units,
simultaneously pursuing Ph.D. degree through
HBNI. Raja Ramanna Fellowship and Homi
Bhabha Chair is also funded through BRNS. In
addition BRNS provides partial support to DAE -
Mumbai University Centre for Excellence in Basic
Sciences and Homi-Bhabha Cenire Science
Education.

During the financial year till January 2012,
about 300 new research projects were
sanctioned. In addition, three new CRPs (Co-
ordinated Research Projects) were sanctioned for
coherent collaborative research work with various
academic institutes. During the year, fourteen
new DAE-SRC fellowships and five ongoing
prospective research fellowships (PRF) were
granted. Twenty KSKRA fellows were selected, 9
M.Tech. and 36 Ph.D students were offered

fellowships under DAE Graduate Fellowship
Scheme (DGFS). Thirty-eight fellowships were
awarded under the Raja Ramanna Fellowship
Scheme (Senior Scientists Scheme) and Homi
Bhabha Chair. Financial support of about 4
Crores was extended for funding 148 seminars.

Promotion of Mathematics

The National Board for Higher
Mathematics (NBHM) has been established for
promoting excellence in higher mathematics
education and research in the country.

The year long period from December 22,
2011 - December 22 2012 was celebrated as
National Mathematics Year to mark the 125th birth
anniversary year of Ramnujan. Eminent
Mathematians across the globe delivered
"Panorama Lectures” in various institutes of the
country.

NBHM with the help of HBCSE conducted
Mathematics Olympiad activity for talented young
students at higher secondary (the plus two) level.
The Indian team consisting of six-member,
secured 2 Gold medals, 3 Silver medals and a
Honorable mention at the 53rd International
Mathematical Olympiad held at Sao Paulo,
Argentina. Suitable infrastructure, in the form of
human resources was under process for
conducting Madhava Mathematical Competition
forthe undergraduate students.

During the year, NBHM supporied 24
mathematicians to attend International Congress
of Mathematics Education held at Seoul, South
Korea to acquire latest Information in the field of
Mathematics Education.

NBHM provided grants to various
mathematical centers for promoting higher
mathematics; promoting activities in pure and
applied mathematics, under several schemes,
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including support to research projects, travel
grants for participation in workshops,
conferences, and undertaking collaborative
research, funds for organizing conferences etc.
and grants to mathematics libraries around the
country. It also distributed selected books to
various postgraduate institutions under its book
distribution scheme.

Financial support to 65 national and
international conferences; 17 Instructional
Schools and 31 research projects were provided
during the year. Travel grants to 59
mathematicians to participate in conferences
were also provided. Post Doctor Fellowships
were awarded to 36 (including the ongoing ones)
researchers.

GRANTS-IN-AID

Grants to Aided Institutions

The aided institutions of the Department
of Atomic Energy are an integral part of the
Department. There is frequent interaction
between the academicians of the aided
Institutions and the Scientists of the R&D Units.
Several joint projects were undertaken between
the Units and Aided Institutions. These
institutions are growing at a faster pace in terms of
the projects undertaken by them.

The Department has nine aided
institutions fully funded in terms of their recurring
and non-recurring expenditure. The funds (Plan &
Non-Plan) allocated to these Aided Institutions by
the Department of Atomic Energy during the
financial year 2012-13 were: Tata Institute of
Fundamental Research (TIFR), Mumbai (403.68
crores); Tata Memorial Centre (TMC), Mumbai
(248.14 cr.); Saha Institute of Nuclear Physics
(SINP), Kolkata (153.50 cr.); Institute of Physics
(IOP), Bhubaneswar (21.70 cr); Institute of
Mathematical Sciences (IMS), Chennai (31.41

cr.); Harish-Chandra Research Institute (HCRI),
Allahabad (37.21 cr); Institute for Plasma
Research (IPR), Gandhinagar (661.22 cr.); Atomic
Energy Education Society (AEES), Mumbai
(83.92 cr.); National Institute of Science
Education and Research (NISER), Bhubaneswar
(220cr.)

Grants to Cancer Hospitals

The Department of Atomic Energy (DAE)
is releasing grant to Dr. B. Barooah Cancer
Institute (BBCI), Guwahati through Third Tripartite
Agreement [which was signed between DAE and
the North-Eastern Council (NEC) and the
Government of Assam]. This hospital is a
Regional Cancer Centre (RCC) for  cancer
treatment and  control in the North-Eastern
Region (NER). The Department's total share as
per the Tripartite agreement upto the year 2012-
13 is approximately Rs.2449.35 lakh for
revitalization of the BBCI which includes the cost
of construction for expansion of the hospital as
well as the procurement of major radiation related
equipment during its Revitalization Project-lll
which has been started during the year 2004 - 05.
Department is also proposed to set up a Cancer
Hospital at Punjab.

The Department also extended financial
assistance to Cancer hospitals located in other
parts of the country. The budget provision for the
year 2012-13 for such partial financial assistance
istothe tune of Rs.165.70 crore.

An increasing need was felt to use the
expertise available in the DAE funded Tata
Memorial Hospital for creating a better network
between cancer institutions all over the country.
An Apex Committee was formed under the
Chairpersonship of Director, TMC, for this
purpose. The Apex Committee met on several
times and deliberated on indigenous
development and manufacturing of the
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equipment related to radiation oncology such as
Cobalt 60 Teletherapy, Low Energy Linear
Accelerator, High Energy Linear Accelerator,
simulator development, Brachytherapy.

The initiatives taken to achieve the above
stated objectives will lead to further gains in the
DAE's outreach in the cancer care programme.

Olympiad Programme

DAE provides financial support for
organizing Olympiad programmes and for
participation in International Olympiads in
Physics, Chemistry, Biology, Mathematics,
Astronomy & Astrophysics, and Junior Science
Olympiad.

The Indian Science Olympiad Programme
supported by DAE, Department of Science and
Technology and Ministry of Human Resources
Development continued to bag laurels for the
country.

In the International Olympiads, 32 medals
were won including 12 gold, 18 silver, and 2
bronze medals besides one honorary mention.
Over 20 new experiments in the Olympiads
project were developed. Several resource
generation camps and exposure camps were
held for school and college teachers. Academic
preparations are being made for the International
Junior Science Olympiads in 2013 to be hosted
by India.

TECHNOLOGY TRANSFER

During the year BARC transferred about
fifteen technologies to 28 private entrepreneurs
this included Nisarguna, Online domestic water
purifier, Membrane assisted defluoridation
process for safe drinking water, Preparation of
composite polyamide reverse osmosis

membrane for BWRO desalination technology,
UF membrane assisted device for removal of iron
from contaminated water for drinking purposes,
Kvp meter, Dip N Drink, Glass to metal seals
technology, Lascan Dia Gauge, Production of Dy
Doped CaSO, TLD Phosphor Powder, Process for
retaining pericarp colour and extending shelf life
of litchi, Fresh Water Generator, Micro-
propagation of Banana, Production of CaSO, : Dy
Embedded Teflon Discs and TLD Cards and
arsenic removal from drinking water-ultrafiltration
membrane assisted process.

BARC recently completed the technology
transfer for Ni-Ti-Fe shape memory alloy heat
shrinkable sleeves for LCA -TEJAS to the Foundry
and Forge Division of Hindustan Aeronautics
Limited, Bangaluru. Thirteen technology licenses
were renewed. Two patents were granted and one
patent application was filed. BARC Technology
Incubation Cells were ready for operation and
handed over to respective divisions. Expression
of interests was invited from industries for
incubation of various technologies.

Facilitation Centre for Industrial Plasma
Technology (FCIPT) at Institute for Plasma
Research executed several projects and also
signed new projects with various organisations,
autonomous bodies and private sector
companies.

COLLABORATIVE
PROGRAMMES

At BARC, four pieces of prototype fuel
tube made of high-density carbon-carbon
composite was prepared in collaboration with
National Physical Laboratory (NPL), New Delhi.
Under a MoU with IOCL, BARC developed
Pipeline Inspection Gauges (PIGs) for pipelines
of several sizes ranging from 12" to 24". The
BARC developed Environmental Radiation
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Monitor (ERM) myatem wes integratad with the
Autornutis Wiather' Sysiam (AW} desloped by
ISA0, undar a BARC-ISAD, Moll. Undar &
tiparitis Moll bstween BARC, HEACO and
BRANG, an lsotapa hydrology labaratany waa baon
gat-up mt HESCO, Detwadun o train the iocal

paapla aa In-houss fedity for spring rechame
ralated studies carmied out st BARC.

BRIT signad a Mol) with M/ lscrad Tach
Pt Lidd, Chasnnad, bl Divpaldran Agra Prooessing
Pvt. Lid Anand, Gujarm and M/a Radura
imadiedors, Nashik, Maharsshira for seiting up of
Radaticn Procassing plant.

At IM3c, the collaborathve messerch
progmmmes Included, CEAFPRA: Arthmstlic
olruks eornputing polreymias with Linkeralky of
Paris and an Indo-German reacarch grant of tha
Humipoi gt Foundistion for ressarch on the gragh
leomarphism probilam.

SOCIETALINITIATIVES

DAE hes launched "DAE Sooletal
inbathee’ for utilzation of non-power applications
NFAY) and apin-off lechnologles (Spin-offe) in
the wreas of weber, land, agriciines, food
proceaaing and urban-rural weshs ImanSgHsTSmL
Within this frams words 8 shuchured prograrsne
called AMRUTHEUTIKFORCE waa formulatad
and s baing implamentsd by BARC for sohno-
acanamic growth of the rural sactar, a8 ona of tha
many schemss for large scale deplcyment of
MPAs and Spin-afis. During the report parod
undsr DAE social inkative programma, AKRLUTI
Tach paetk waas tranoferrad o 8 partiee by BARC.

INTELLECTUAL PROPERTY
RIGHTS

DAEFR Coll worls aa s nodal egancy for

al Imelacinl Property Righte (PR} relsted
rstierg inoluding ling of patents wihin Inds and
abroad for sl the uniie Inciudng publc sactor
undprinkdngs and autonomous Ingiiutions unoler
DAE. During the calendar yaar 201 2, four regular
DAEAPR call meetngs wers held during which 13
e Imentione and 2 of the pravioualy fled
appications under Patente Cooperstion Treety
(PCT} applicatiorss ware roviewsd for the
patantabllity and national phass aniry
metpaivaly. DAE fipd 21 niew pirherdt aprplicastions:
of which 8wara In indig, 4 In UGA, 3 in Eurapaan
Unien, 21n Japan, one sach In Chine and Canada
and ano urdar PCT. Blght of the praviously Tlad
patants wers gramted to the Deaparimest of which
e warh Inforsign countriea.

Dhring the year, B0 patent applications
wana refarrad to the Departmernt by the Controlier
Genaral of Pabentt, Intslactual Propardy (IP) Indla,
to ecrpan for the appicabilty of saction 20 {1) of
Ammic Enegy Act 1882, Le, wiwthe the
application i related to or welul for atomks
snergy. and give e opinlon. Directions of the
Dapartmant wens communicabed tothe Gantrol ke
of Pataniain india

A Technology Information, Forecasting
ardd Axseserment Courroll {TIFACHBARD training
program on [PA and WTO leauas waa conductad
through DAE's Administnative Tralning Instiuts
{ATT). Lectura on PR and ks nalevanca bo DAE s
also deliverad st the Adminisrstive coleguium of
BARG.

FUBLIC SECTOR
UNDERTAKINGS

{(Financial Parformencs)

Financial performance of DAEY public
seglor undefakings nemealy, the Nuatear Power
L-arparation of india Ltd., Uramom Corporation of
tndla LAd., Indian Rere Earth |4d, and Electranics
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Corporafion of India Lid. s gwven  below
(BHAVINI &= yal to commants commensial
operations)

Nucisar Power Corporation of Indle
LEg,

The previsional net profit after tex [PAT) for
the year 2012-13 wae Fa. 1625 crore (Up to
Dacamber 81, 2012) The nat proft after tad for
prvdous FY 2011-12 wan Re. 1806 wore. The
NPCL bonda cominued & bo mied at AAA

{Higheet Safely) by CRISL and CARE.
Uranium Corporstion of indias Ltd.

The overal performance of the Company
in e of Mol signed with DAE wae nabed ae

“ary Good” for the year 2011-12. The tolal
Inosrra of v Company dhuring ths year 20111-12
waa Ra. 70728 croma o 2galnet As. 760 26 crorain
the previous year, The proiit belom o during the
e 20r] 1 - 12 v Fa 88 T crore,

Inllan Rere Esths Lid.

Fer the inancil year 2011-12, the Sak
Tumover {net off axciss duty} wan Rs. 62240
artrd and Proft Befom Tox wiys R 24584 orom.
Aa againet this, for tha Inencial year 2010-11 tha
Sale Tumover andd PET were s, 388,50 orom
and Ra. B2 44 crore raapectivaly. During the year
2011-12 REL had samed forsign ssschanps of Re.
2008 crome which b 11F% mom than tha
previcus year. The Company pald Re 34 50 crome
&4 dhvidend for the finersia year 2011-12 which
amounts © 20% of profi after =x of the cumam
year. IREL B mpacting a iolal umover of Ra.
538.00 crares for theyear 201 2-13.

Eloctronics Compomntion of india Lid.

During the fnancial year 2012-13, against

an Mol terget of Aa 18000 crore sach of
prociuction and ret soles, ECIL eobdeved &
production of Ra B84 crona and & not asles of
Ry. 277 prome upio November 2012 ae oompared
to Ae.681 crore and Re.562 crore respecthealy for
the comespondng period during 2011-12 The
company hoa sufficdent ordars on hand and s
confident of masting the tang s set for the year

INTERNATIONAL
RELATIONS

Indla contbund o conidbule to paloy
managament and programmes of the

Interratinnl Atormio Enengy Aperiry (JAEA).

The Alomic Energy Ragulaiory Board
agnad a Mol with the Mational Commisalon for

Muciear Activitiss Comirod of Romania for the
sochungeh of informsation and coaperaton n the
fiald of raguiation of nuclesr sctivitiss for pescaiul
pumposss. AEPE gha sgred an agresment with
the Smla Muclear Roguiaiony Inepectomia of
Ulraine for mmhange of tschnioa irfometion and
cooporatian on mMuckor safaty and radation

proiecion.

india offerad s mpert ssrvices In 2
rurnber of flukds unde the LAEA Tachrics
Cooparation Scheme and homied saveral LAEA
workehaops, tecnioal mestings eto. inola mads
iR budgatany contributions of USD 1 milon o
the IAEA Nuclesr Securtly Fund end USD 50,000
o the innovathe MNudsar Roactrs and Fual

Cycdes (INPRO) of LAEA,

Units 384 of Rajasthan Alomic Power
Siptiores wire rpulsansd by e O penadionsl Safely
Roviow Team of IAEA during thedr fimt-ever
mizsion to inda The Atomia Energy (Fsdation
Pracesaing of Faod and Allad Producta) Rules,
201 2 were notifiad on 30th June 2012,
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India continued to participate in
collaborative work in the European Organisation
for Nuclear Research (CERN) and the
International Thermo-nuclear Experimental
Reactor (ITER) project. In April 2012, AERB
joined the Multinational Design Evaluation
Programme as a full member.

CRISIS MANAGEMENT

The Crisis Management Group (CMG)
coordinates the Department's response to any
radiation emergency in the public domain.

With multiple safety systems and due to
inherent design features, the possibility of any
accident in a nuclear facility or during transport
which might lead to a radiation emergency in the
public domain is highly remote. However, to
handle any unforeseen situation, formal
emergency response systems were in place and
were tested regularly to ensure that there would
be no radiation hazard to the public. All these
activities are overseen by an independent
regulatory authority, which ensures that all
radiological safety issues are adequately
addressed. Further, in case such an unlikely event
does occur and leads to a radiation emergency in
the public domain, a response system is in place
to tackle such situations by mobilizing the
expertise in the Department of Atomic Energy.

The CMG also provides its expertise in
various forums in the field of disaster
management at both national and international
levels.

The Crisis Management Group during its
meetings, reviews the crisis management plans
at different facilities, discusses on issues related
toradiological incidence, ifany, in the country and
provides necessary guidance on matters related
to radiological safety in the public domain to
avoid the recurrence of such incidence.

At DAE, two emergency communications
rooms having multiple modes of communication
are manned on a round-the-clock basis
throughout the year and it is in constant contact
with various nuclear facilities in the country as well
as with the International Atomic Energy Agency
(IAEA).

The Emergency Response System of DAE
is also available to respond to any request from
public official in the event of the reported
presence or suspected presence of radioactive
material.

To ensure that the emergency plans are in
high state of readiness, major nuclear facilities
like nuclear power stations and hydrogen
sulphide based heavy water plants periodically
carry out a variety of emergency exercises. The
numbers of exercises carried out during the year
2012 were: Communication Exercises-395; Fire
Emergency Exercises-60; Plant Emergency
Exercises-47; On-Site Emergency Exercises-9
and Off-Site Emergency Exercises-3 nos.

The Off-Site Emergency Exercises were
carried out in the public domain in the vicinity of
Heavy Water Plant, Kota, Kudankulam Nuclear
Power Plant at Kudankulam and at Heavy Water
Plant, Manuguru. In addition to these exercises,
the National Disaster Management Authority
(NDMA) had arranged special training workshops
on 'Disaster Risk Reduction' at several Nuclear
Power Plant sites.

The Emergency Response System of DAE
effectively communicated the message of
international tsunami alert received on 11 April,
2012 at 1400 IST, with the 8.7 magnitude
earthquake hitting the west coast of northern
Sumatra to all our Nuclear Power Plants which
enabled them to promptly take the necessary
measures.
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BARC-SAFETY COUNCIL

BARC-Safety Council continued its
regulatory function to ensure the safety of all the
plants and facilities under its purview.

To comply with the requirement of
licensing/authorization for operation of the variety
of radiation installations in BARC, the BARC-
Safety Council Secretariat had earlier prepared
Regulatory Guidelines, which specify the
requirements to be fulfilled for reauthorization of
existing old facilities of BARC. It addresses the
requirements for new radiation installations in
BARC.

SCIENCE RESEARCH
COUNCIL

DAE-Science Research Council that
comprises eminent scientists, continued with the
peer reviews of basic research to ensure that
highest possible level of excellence is
maintained.

NATIONAL SECURITY

BARC continued implementation of the
necessary research and development as well as
manufacturing activities required for national
security.

VIGILANCE

The overall responsibility of vigilance
activities rests with the Chief Vigilance Officer
(CVO) of the Department of Atomic Energy. To
facilitate proper functioning of the vigilance
machinery and to establish effective co-
ordination amongst the organizations, a senior
officer in each Unit was designated as Vigilance

Officer for vigilance functions. In the Public
Sector Undertakings of DAE, full time CVOs were
available to co-ordinate the vigilance activities.

Vigilance functions of the Department
included timely transmission of various vigilance
returns to the Central Bureau of Investigation
(CBI), Department of Personnel and Training
(DoPT), Central Vigilance Commission (CVC),
issuance of prosecution sanctions, processing of
vigilance & disciplinary cases, monitoring of the
progress of inquiry proceedings, investigation of
complaints and others. DAE prepared a
compendium of CVC guidelines on tendering
process and circulated itto allits units.

As per directives of CVC, Vigilance
Awareness Week was observed inthe DAE and its
constituent units, from 29th October to 3rd
November 2012.

SCIENTIFIC INFORMATION
RESOURCE MANAGEMENT

The Scientific Information Resource
Division at BARC continued to provide seamless
access to information to all the DAE scientists and
engineers. During the year, BARC Newsletter,
Scientific Information Resource Bulletin, Pulse
and several internal and external reports were
brought out. A comprehensive brochure covering
all R&D activities of BARC was also brought out.

At IGCAR, a state-of-the-art live streaming
facility of the events from the auditorium was
implemented and made available across the
user's desktops. Based on the research needs of
the centre, the e-collections were augmented.
The library was equipped with CCTV base
surveillance systems

36 I
| |
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PUBLIC AWARENESS mission mode organised and participated in

various exhibitions, geminars, events,

. workshops, conductsd eseay and quiz contssts

'L'I: Department nthtomlc Energy iTEJ in different reglons of the country by means of a
poninGed: Ty promiols 1he . awarntes . abolt neoteric state-of-the-art multimadia display

peaceful usas of atomic energy In the comact system, video flims
- , presentations which were
perspestive with prime focus on bensfits to the well received by the students, faculties, scientists,

soclety In the areas of power production, government officials, policy makers, ex-

applications of radiation technologies, A i faa e e
_ : , : rging enireprensurs,
healthcare, food & agriculture, indusiry, water, leaders from Industry, NGOs, medla

i ' TEEnInGeR profeasionala, general public and other visitors.
— e Soveral public awareness lectures on atomic
E:u—'- —— energy wore also delivered.

The 24" All Indle Essay Contest on
Nuclear Sclence & Technology was organised by
DAE in October 2012 as a part of Founder's Day
Celebrations.

L J'I'- 1 o P
Dr. R K Binhg, Chalrmen, Atomis Engrgy Commission,

ot the DAE pevillon durng the
100" indian Science Congress st Kollata

To alleviate unwarranted fears,
misconceptions and address apprehensions
harboured against nuclear energy, DAE on a

= -—
e - —
—— ]
w iyt s - 1
| 1

Purticipants of the 24 DAE All Indls Exsay Contest
with the Sificiaiy of the
Publlc Awsrensse Division, DAE

During the year, NPCIL camrled out a
gamut of public outreach activitiea conveying the
facts on nuclear power In a simple transparent
and credible manner. Following the Fukushima
accident, the outreach aclivities were scaled
mankfold In a structured manner adopting a multl-
pronged approach to ellay the apprehensions
about nuclear powsr and He safety. An agtion plan
was implemertted with clear set of objectives and

Dr. Andl Hakodicer, Former Chalrman Atomie Energy FlE : ! 5 i
Commission ot the DAE pavilion during the timelines including a review and monioring
& Belencs Rrpo st Nehwu Sclonts Contre, Mumisal mechanism.
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The public autreach programme of NPCIL
comprisad of regular visits by the senior officials
to surrounding areas and enhanced Imeraction
with locals, visita of villagers, students, madia
persons and offier members of public to nuclear
power plante and organizing awareness
campalgns on nuciesr power for various target

groups.

Use of TV commercials, advertisements,
dighal cinema, radic [Ingles, single-sheat print
publications, Innovative comic books and
animated films, etc. in vermacular languages,
enhanced imeraction with press and media, &
public awareness campalgns, rallles In support of
nuclear power are a fow, among many, modulos
that were adopted to supplement the scaled up
outrsach activities.

BARC provided madla coverage to
various evenis that were organized in the
research centre. During the year, more than 30
public awarsness prognmmeas were conducted.
As a parnt of this programme, students from
varous colleges In and around Mumbal and from
other states visited BARC and imteracted with the
gcientists., "Muclear Waste Management"
exhibllon was organized during the Natlonal
Technology Day to provide a plaiform for better
imeraction amongst scientists and engineers. A
week long programme on the theme 'Clean

Enargy Dpﬂnns and Nuclear along with the
i Ef.ur B |_|| ,,_4|f1 !

t,h i
rd

mmummq:mum
Programme xt BARG

National Science Day celebrations was
organised. BARC Logo and an enhanced BARC
wabslte wers [aunched.

Tha Atomic Minerals Directorate
continued Public awarsness programme in a big
way In varlous cltles as well as In remote fieid
areas.

SOCIALWELFARE
Corporaie Soclal Responsiblily

NPCIL continued its Corporate Social
Responsibility and implemented 32 projects in
education, 17 projects In healthcare and B7
projacts In Infrastructure development during the
year 2011-12. For the year 2012-13 about 250
CSR projects were planned by NPCIL and Rs. 55
crores was allocated for CSR programma. An
addidonal Rs. 125 crore was also allocated as
additional CSR fund In the Sliver Jubllee year of
the Carporationio be used in nesd two years.

AWARDS & PRIZES

Shri K. Balaramamoorthy, former Chief
Executive, Nuclear Fusl Complex, Hyderabad,
Prof. R. Balasubramanian, Director, Instiiute of
Mathematical Sclences, Chennal; Dr. Ravl
Bhushan Grover, Principal Adviser, Department of
Atomic Energy, Mumbai and Dr. Satinder Kumar
Slkka, Homl Bhabha Chalr Professor, BARC,
Mumbal were conferrad with the DAE"s Lietime
Achievement Award for the year 2011 by Dr.
Manmohan Singh, The Prime Minister of India.

BARC bagged the “Best Establishment
Award for the 88th Reglonal Skill Competition for
Apprertices held in September 2012 for westem

region.

AMD officers wers awarded DAEs medals
and Hindi Sewvi Samman during 2011-12.
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NPCIL unite received several awards
during the year for performance In safety,
anvironmant protection and other areas. TAPS-
142, TAPS-3&4, RAPS 1832, RAPS-3&4, MAPS,
APS 182 and KGS-142 bagged National Safety
Council of India's various Safely Awards for the
year 2011. AEAB's Safety awards for the year
2011 for Industrial safaty, environment protection
and fira safety wera bagged by RAPP 788, KAPP
384 and KGS 3284 respectively. NPCIL achlsved
excallert MoU rating for the year 2011-12.

The awards received by the Professors of
Ingtltute of Mathematical Sclences during the
year were as follows: Prof. Ronojoy Adhlkarl
recelved Qoogle Research Award by Google
Incorporation, USA on January 2011, Dr. Sanoli
Gun won [CTP Associate Award for the year 2011
and Dr. Saket Saurabh was awarded with the
Award of European Ressarch Council.

Prof. Ashoke Sen of HRI was confemed
with the prestigious "The Fundamental Physics
Prize - 2012" by Milrer foundation Established by
Yuri Milrer for his confribution to siring theory
which helped to show that multiple string theorles
are all different versions of a single underlying

theory .

Heavy Water Plant, Manuguru won
"Golden Peacock Environment Managemant
Award-2012" In recognifon of sustainable and
effective Environment Management system.
HWE Hazira was selected for Natlonal Safety
Award for the year 2010 from Directorate General
Factory Advice Services and Labour Instituies,
Faridabad, Ministry of Labour & Employment.
Plant also recalved “Ceriliicats of Appraclation-
2010" awarded by Qujamt Safety Councl,
Vadodara and Directorats of Industrial Safety &
Health.

“Miniratna Category1" status was
granted to IREL on 11th October, 2011. OSCOM
Unit received the 14t prize In the safety & training
during the Ddisha metalleferious mines safety
woek 2011-12. During the Mine Safely week
organized by the Kerala Mine Safety Association,
Chavara unil recelved three 1% prizes and five 2
prizes.

Two quality circle teams from GS0 viz,
EDISON and SAKTHI participated In the Reglonal
Level mest at Hosur during the year and were
awarded the gold and siiver cup respeciively. Two
tearns — PLEISTOGENE and SUSHRUTHA were
nominated for the National meet.

mnlnm.ummuullmmmmnmnmmmhmu

DAE's Liwiiws Achbpwsignt foned 2811 deay with thelr farmily meambers bn Now Delld on Jeusary 16, 2013,






CHAPTER -1

B NUCLEAR POWER PROGRAMME B
STAGE-I

Kirdankulam Nuclear Power Project-1&2
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View of Main Plant construction area aof Atomic Power Project-384
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NUCLEAR POWER PROGRAMME STAGE-I

PRESSURISED HEAVY
WATER REACTORS
(PHWRs) & LIGHT WATER
REACTORS (LWRs)

Nuclear Power Corporation of India Ltd.
(NPCIL), a public sector undertaking of DAE and
adividend paying company with AAA credit rating
by CRISIL and CARE, is responsible for design,
construction, commissioning and operation of
nuclear power reactors. At present, it operates 20
nuclear power reactors with an installed capacity
of 4780 MWe (megawatt electrical) and additional
4800 MWe capacity under construction that
comprises two light water reactors of 1000 MWe
each in advance stage of commissioning at
Kudankulam in Tamil Nadu and four Pressurised
Heavy Water Reactor of 700 MWe each, two at
Kakrapar in Gujarat and two at Rawatbhata in
Rajasthan.

Operating Reactors

The electricity generation in the calendar
year 2012 was the highest ever at 33174 MUs,
registering about 2% increase over the last
calendar year 2011 generation (32405 MUs). In
the current financial year 2012-13, the generation
clocked, till December 31, 2012 was 24664 MUs.

The nuclear power reactors, under IAEA
safeguards and using imported fuel, recorded a
Capacity Factor (C.F.) of about 86% till December
2012. In view of improved domestic uranium
supplies, the reactors fuelled with domestic fuel
registered a C.F. of about 76%, higher than
previous year at 67%. The overall C.F. up to
December 2012 was about 80% which is 2%

- Decembaer 2012 (FY 2012-13)
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higher compared the previous year's C.F. of 78%.

The overall availability factor recorded in
the current financial year 2012-13 up to
December 2012 was 91%. TAPS-3 achieved
continuous operation of 522 days during the year
2012, Ten reactors registered continuous
operation of more than a year of which three
reactors registered this twice.

Ongoing and New Projects

At present, NPCIL has three ongoing
projects, KKNPP (2x1000MW LWRs), KAPP-3&4
(2X700 MW PHWRs), RAPP-3&4 (2X700 MW
PHWRs) comprising of six reactors at various
stages of construction and two new projects to be
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launched. Also there are addiional seven new
sites and one sxtension site at an sxisting station.

Projects under Construction

Kudankulam Nuclear Power Project-1&2
{KKNPP-1 &2, 2x1000 MW LWRs)

Located In Tirunelvell District of Tamll
Nadu, the Kudankulam project, lg being
implemerted with technical co-operation of
Russian Federation. The powsr generated from
the project (21000 MW) shall be fed to Tamil
Nadu and cther bansfliclary steias In the southem
grid.

The work at Kudankulam Site was
affected during Oct 2011 to March, 2012 due to
local protest / agitation.

Unit-1 was |n advance stage of
commissloning. The Intifal Fuel Loading (IFL) was
compisted. All the pre-operational tests which
includes the functional test of individual
equipment / system, Integrated Leak Rate Test
{ILRT) of reactor bullding contalnment, clrcular
flughing & hydro test of primary clreult, hot run of
the Nuclear Steam Supply System (NSS8) and

™

Multi Stud Tensionaer (MST) for RPV ssaling at
Kudankulam Nuclear Power Project-1

inspection of main equipments, were
successiully completsd. The unit is expected to
achleve criticallty by the end of tha financial year.

Unit-2 warles followed Lintt-1 with a gap of
7-8 months. Construction and equipment
erection works were complsted. Mechanical
piping srection works were nearing compilstion.
Electrical and Instrumentation cabling works are
In advanced stage of complstion. Commigsioning
works of systems and ecuipments are In
progreas.

Atomic Power Project-3&4 (2x700 MW
PHWR=)

Construction of firgt palr of Indigencusly
designed 700 MW PHWRs, Atomic Power Project
Unit-384 (KAPP-3&4, 2x700 MW PHWRS),
commenced with First Pour of Concrete (FPC) on
Novamber 2010. Tha main plant chdl works wera
In full awing and around 3.5 lakha CuM. (L.e. 71%
of total sstimated quantity) concrete were poured
fill end of Decamber 2012. Construction of
fuelling machine service area, slabs at El 100 M
and El 1045 M of Reactor Bullding were
complated In the current financial year after
completion of raft ol nuclear bullding-3,
construction of calandria vautt and fuelling
machine vault was nearing completion.

The Inner contalnment wall which acts as
one of the barrier against ralsase of radioactivity
was congiructed with ambedded steal liner forthe
first time in Indian PHWR. Inner containment wall
construction in reactor building-2 was compicted
up to El 108.5 M and similar works for reactor
bullding-4 progresesd. Construction of other
bulldings sisa made prograss. Turbine bullding-3
raft and turbine generator mat for both the unit
was completed and the construction work above
raft progressed well. Civil works for 220 kV
ewitchyard were complsted and subsequent
acthvitles of tower etructurs work and equipmeant
argotion were plannad. All Major EPC packages
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confraciors sie mobllizatlon was completed.
Nuclear piping, common s&vices piping and
alectrical works commencead.

Major equipments dellvered to slte
Include calandria ubes, CS plpes and flitings for
common services and plant water pump house
package, D20 tanks, MAL, AAl frames, sic.
Manufacturing of critical equipment lke end-
ahislds, calandrla, steam generators, atc. were In
progress. Both the units are expacted to be
completad bytheysar2016-17.

Aajaxsthan Atomic Powsr Projeci-7&B (2x700
MW PHWRS)

To compiete raft of Nucisar Building-7 & 8,
the civil works at Rajasthan Atomlc Power Project
Unit-7&8 were accelerated. Purchasa orders for
all major packages/equipment were placed.
Delivery of squipment to site includes calandria
tubes, end fittings, CS pipes and fittings for
COMMoN sefvices, etc. Manufacturing of critical
equipment llke end-shislds, calandra, steam
generators, etc. were in progress. Both the units
are expacted 1o be complated by the year 2016-
17.

''''

-

View of the Rajasthan Atomic Power
Project-7&B

New Projects

Kudankulam nuclear Power Pru]act-ﬂl#
{2x1000 MW LWRz)

Located In Tirunelvell district, Tamil Nadu,
the Kudankulam Unit-3&4 are an expansion of
Units-1&2, that are planned to be implemented in
technical cooperation with Russlan Faderation In
accordance to Inter Governmental Agresment

(1GA).

The project has already besn accorded
environment clearance, Coastal Regulation Zone
(CRZ) by MOEF and siting clearance by AERB.
Clearance from Tamil Nadu Pollution Gontrol
Board was under process. Application for
excavation consert was under review of AERB.
First priority design activitles achleved 73%

progresa.

Site grading and levelling, Phase-1
Infrastructure works for plam site and township
property fancing, security fencing, developmant
of master plan for township and plant sie ware
compisted. Re-tendering for main plarnt pit
excavation, consolidation grouting and
confimatory soll Investigation was In progress.
Enginesring service coniract for design of
Balance of Plant (BOP) was completad during the
year 2012. Tendering of Phase-ll Plant site
imrastructure like roads, main guard houss,
construction power supply, access control
syatem, elc, were under progress. Township
expansion also made progress.

Revized Techno Commercial Offer {TCO)
wis under procass of apcaptance. The proposal
for financlal and adminisirative sanctlon for the
project was initisted. All preparations were
targeted to launch the project by the end of year
2013.
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Jaltapur Nuclear Power Project-1&2 (2x1650
MW LWRs)

In October, 2009, the Government of India
accorded in-principle approval of Jaitapur site,
Maharashtra, to locate 6 x 1650 MW and utilize full
potential of the site. The reactors proposed to be
set up are Evolutionary Pressurised Water
Reactors (EPRs) in technical cooperation with
France in phases of 2X1650 MW EPRs.

The land was acquired at Jaitapur site.
Ernvironment and Coastal Regulation Zone (CRZ)
clearances by MoEF were obtained. Technology
independent site infrastructure development
works were in progress along with other pre-
project activities like Geo- technical investigation
etc. The construction of boundary wall towards
land side was completed. The liaison office cum
information centre were canstructed and made
operational at Ratnagiri. Various pre-project
activities like geo-technical investigation,
permanent meteorological tower, chain link
fencing, construction power supply etc., were in
progress at JNPP site. Revised Techno-
commercial offer (TCO) submitted by AREVA was
under advanced stage of negotiation.

Several public awareness activities were
undertaken to dispel apprehensions among
people from surrounding villages of the project,
local press and media and various groups
ideologically opposed to nuclear power / Jaitapur
project. The information centres were set up at
Ratnagiri and JNPP plant site to disseminate
information regarding nuclear power including
JNPP.

As a part of neighborhood development,
several welfare programmes / schemes were
initiated in the surrounding villages of Jaitapur.
These included, training the persons in various
skills to prepare them for employment, self
employment, apart from providing regular jobs to
some of the people, electrification of nearby

villages by providing solar lamps, electrification of
nearby schools, distribution of fishing nets to
fishermen of nearby villages, Distribution of three
wheeler scooters to physically challenged
persons, water supply through bore holes and
hand pumps were completed.

New Sites

After completion of Environment Impact
study, review by Expert Appraisal Commitiee
(EAC), a Public hearing at Haryana site was
completed In July 2012 at the Haryana project
site. Over 95% compensation money was
disbursed to land owner and land acquisition
process was in final stages. Consequent to this,
Geo-technical investigation work was started at
the site. First order Detalled Project Report, cost
estimates etc. were prepared.

Section 4 notifications were issued by
respective State Govt. authorities for Chutka site
in Madhya Pradesh and Mahi Banswara site in
Rajathan.

Pre-project activities at other new sites
comprising of land acquisition process, EIA
studies for hastening of the environmental
clearances, geo-technical investigations and
other studies for Site Evaluation Report (SER) for
clearance by AERB reached in various stages in
respect of Chutka in Madhya Pradesh, Kovvadain
Andhra Pradesh, Chhaya Mithi Virdi in Gujarat,
Haripur In West Bengal, Mahi Banswara in
Rajasthan, Bhimpur In MP and Kalga-5&6 In
Karnataka.,

Environmental monitoring and studies for
the three seasons were completed for NPPs at
Chutka, M. P, Mithivirdi, Gujarat and Kovvada, A.
P The draft EIA report which includes thermal
dispersion study, marine impact assessmant
study and CRZ demarcation study, for NPP at
Mithivirid Gujarat, was submitted to regulating
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agency for organisation of Public Hearing and No
Objection Certificate under Costal Zone
Regulation. Three seasons monhoring for
terresirial and Intertidal area for Blodiversity
Studles In the reglon around Jalapur NPP were
completed and for marine area the studies were
initiated to dewelop Biodiversity Consarvation
Plan.

FRONT-END

Heavy Water Production

Heavy Water Board (HWE) supplies heavy
water to all the operating pressurized heavy water
reaciors and supports the first stage of nuclear
powar programme of DAE. HWB Is working on the
extended mandate entrusted by DAE on
development, demonstration and deploymaent of
technologies for in-core and out of core material
inputs for Indian nuclear power programme,
required at the front-end as well a8 back-end of
nuclearfuel cycle.

HWB has emengad as the largest global
producer of heavy water and has developed
gimilar capabilities in various other areas, like
organo-phoaphorous solvents and B enriched
Boron.

During the yesr, the performance of the
Board was excellent with respect to heavy water
production, specliic energy consumption, on
stream factor, safsty performance, emvironment
management etc. The total percentage
production target achieved during the period was
about 108%.

HWE continuad to adopt means to raduca
the spechic anargy congumption through
process intensification and optimization. HWP
(Manuguru) exporied the surplus electrical
energy genargiad at the captive powsr plant to
the power grid and made revenue generation.

Following are the highlights of performance ofthe
Heavy Water Board:

Heavy Water Plant, Manuguru

During the period, the performance of
Heavy Water Plant, Manuguru was eccadlent and
achieved 108.9% of target production and on
stream factor was very close 1o 1. Throughout the
perled, sysiemn gas purlty was consletently
maintained at around 99.3 % and average system
gas pressure at 18.2-19.3 kg/cm'g.

Az n result of the smooth operation of
Audllary Steam Turbo Generator {TG-4) and
Installation & commissioning of VFDs In Captive
Power Plant and in main plant, lowsast ever
specific energy consumption of 20.68 GJ/kg was
achieved and surplus power was generated and
exporied. For environment managemant, the

| '\:-;-l--u-.n.
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Electrowinning cell for Elsmental Boran Plant At
HWP (Manuguru)
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plant installed and commissioned Dry Fly Ash
Collection/Segregation and Storage for supply of
fly ash to cement industries.

Boron Enrichment Plant for production of
Enriched Boric Acid (EBP) and Elemental Boron
Plant were operated on sustained basis, A plant
for converting the enriched KBF4 into elemental
boron based on molten salt electrolysis process
was alsoset up.

The plant completed 3 million man hours
of continuous working without any reportable
disabling injury, consecutively for the 5" time. The
plant also won “Golden Peacock Environment
Management Award-2012" in recognition of
sustainable and effective Environment

Management system.,
Heavy Water Plant, Kota

The Plant at Kota (Rajasthan) achieved 114.6% a
highest ever annual production of with on-stream
factor of 0.97.

Heavy Water Plant (Kota) completed more
than 25 years of operation with H.S. All H,S
storage tanks were thoroughly inspected, hydro
tested and kept ready for storage of H2S during
the shut-down. The effluent from exchange unit
was cooled through mist cooling system. The
cooled effluent was utilized as make up for
cooling tower which resulted in water
conservation and led to significant reduction in
the water charges.

Auxiliary Turbo-generator was installed at
HWP (Kota) to generate 2 MW power by
recovering energy fromthrottling of steam.

A Technology Demonstration Plant for
Heavy Water Clean-up (HEWAC) was set up at
HWF, to reduce the internal dose to occupational
woarkers as well as to enable recycle of heavy

water from decommissioned PHWR to other
PHWR. Commissioning of all the utilities and
testing of the cryogenic circuit of HEWAC and
commissioning of the cryogenic loop was in
progress. Both N, & H, compressors were in
operation. Lowest temperature of 42.8 K was
achieved with sustained vacuum in the cold box
system and further cooling down of H, & D, circuit
with H* gas up to 20 Kwas planned.

Towards forward integration of HEWAC,
installation of Hydrogen Oxidation Unit was
completed and pre-commissioning activities
Were in progress.

Heavy Water Plant, Hazira

The performance of Hazira plant was
satisfactory. It achieved 105.8% of the targeted
production in spite of operating most of the time
with only one ammonia plant resulting in low feed
gas supply as well as lower deuterium
concentration. Plant operated with on-stream
factorwasverycloseto 1.

Heavy Water Plant, Thal

Heavy Water Plant, Thal performed very
well and plant achieved 108.7% of targeted
production due to sustained operation. The on-
stream factor was very close to 1. Feed gas flow
and its deuterium concentration remained low in
August due to gas supply which remained
connected with only one ammonia plant.

Revamping of 3 cells of cooling tower
taken up under capital scheme was safely
completed. VFD was installed for ammonia reflux
pump and 11 kWe power saving was achieved.
Energy meters and CTs/PTs of requisite class
specified by MSEB were procured and their
installation was nearing completion for
implementation.
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Heavy Water Plant, Baroda

As directed by Atomic Energy
Commission, actions were taken for stoppags of
heavy watsr production at HWP Baroda. Tha Trl
Butyla Phosphate Plant and the Potassium Metal
Plantremained in operation.

Towards development activity on
altamate uses of heavy water, deuteratad NMR
soivents were belng synthesized at laboratory
scale using comventional as well as innovative

Trl Butyle Phosphate Plant, Baroda

The plant producad 2 kg of acetoniirle-d,
and deuterated sulphuric acid (D,SQ,).
Deuterium synthesla methoda for benzene-d, and
dichloro methane-d, (CD.,Cl,) were also
developed.

Performance evaluation of the wet proof
catalyst, developed and produced In
collaboration with RRCAT, Indore for H-H,O
exchange process was camied out in chemical
Laboratory of HWP (Baroda).

Heavy Water Plant, Titicorin

Synthesis routes of tri-iso-amyl
phosphate (TIAF), ethyl| hexyl ester of athyl haxyl
phosphonie acld (D2EHPA-Il) and dl-hexy
octanamide (DHOA) solvents were developed at
laboratory scale by BARC and IGCAR and the
synmthesis processes at bench scale were
succsessefully established by HWB.

A Vorsaille Solvent Synthesls Pllot Plamt
(VSSP) was commissioned in March 2012 at
HWE, Tuticorin. Ten campaigns of TIAP synthesis
and six campaigns of D2EHPA-|| were completed.
Fine tuning of synthesls process parameters were
In progreas. Samplesof DHOA & TIAP wore sent
to BARC and NFC, Hyderabad for solvent
extraction studies and D2EHPA-l were sent to
IRE, Cochin for product evaluation.

Indigenously designed and fabricated
380 NB ceniriiugal extractor was Installed and
commisgioned at HWE Tuticorin, ks hydraulic
performance evaluation was successiully
completed with varlous grades of phosphoric
acld and organlc schlvant mbxure of D2EHPA+
TBP InHNP

Solvertt exdraction test facility operation
was continued for collecting data on RM recovery
from wet phosphorc acld recelved from M/s
Green Star Ferlilizers, Cycle-1 operation has
been completed and cycle — Il operation is in
Progross.

“"0 Enrichment Pilot Plant”, designed
and fabricated indigenously, was successfully
Installed and commizsloned at HWPF Tuticordn. it
was oparated with off-grada heavy weter using
DX pacldng for collection of englneering data for
designing the fulHiedged commercial plant,
coming up at HWE Manuguru.
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Heavy Water Plant, Talcher

At HWB Talcher, the production facility for
D2EHPA and TBP were operated continuously to
meet the target production. In TBP facility,
reduction of effluent generation was achieved by
a new step of reusing reject water from Butanol
Distillation Unit for preparation of alkali solution.

Boron enrichment facility was operated
continuously and achieved "B enrichment
beyond 95% and "B enrichment beyond 99.5%.
More than 110% of design recovery and feed
processing rate of more than 65% "B was
established and targeted production was
surpassed. Chemical conversion of enriched BF,-
Ether complex to KBF, was carried out in the KBF,
conversion unit and the product was sent to HWPR
Manuguru for producing elemental Boron

Technology Demonstration Plant

Technology Demonstration Plant (TDP),
Mumbai for recovery of Rare Material (RM) from
phosphoric acid has successfully achieved the
intended deliverables. The plant was under
normal operation In integration with phosphoric
acid plant of RCF. Two consignments of the final
product generated in TDP were dispatched to
IREL for further processing/purification.

Mixer seitler for solvent extraction
purpose was used as a contacting device in
Solvent Extraction Plant. Alternative contacting
device for solvent extraction were set up in TDP
for performance analysis and one such device, an
Asymmetrical Rotating Disc Contactor (ARDC)
was commissioned and was under performance
evaluation. A centrifugal extractor, another type of
contacting device was also setup in the facility.

A sample Electrolytic Reduction Cell
Assembly (ERCA) was installed for performance
evaluation in the premises for reduction of AM in

phosphoric acid for better exiraction. Cold
commissioning of the equipment was under
progres.

Heavy Water Upgrading & Hydrogen Isotope
Separation

Operation of heavy water upgrading plant
and processing of downgraded heavy water
received from DHRUVA to nuclear grade was
continued. Low IP heavy water, accumulated over
more than 2 decades was processed to recover
valuable nuclear grade product along with
disposable IP reject less than 2%.

Parametric study was carried out to
optimize the operating temperature and gas flow
rates for absorption and stripping columns of
hydrogen isotope exchange from liquid lead-

lithium loop by purge gas at high temperature
following design of packed exiractor column.

Hydrodynamic study of the single fiuid
fiow through corrugated structured packing was
done to simulate the flow behavior inside the
packed columns. To achieve compact design,
thermal hydraulic study of sphere packed pipe
heater was conducted for gaseous heating with
different heating conditions. Design, modeling
and parametric optimization of ambient adsorber
for moisture separation, cryogenic adsorber and

permeator for hydrogen Isotope recovery from
helium purge gas was successfully carried out.

MINERAL EXPLORATION

During the annual programme of work
2011-12 (November 2011 to October 2012), The
Atomic Minerals Directorate for Exploration and
Research (AMD) established a total of 14,263t of
uranium oxide. During the Xith Plan the Uranium
Oxide reserves established were 67,742 t. AMD
continued uranium investigations in the thrust
areas for uranium mineralisation.
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Substantial inputs of airbome and ground
geophysical surveys and drilling helped in
identification of the new areas / blocks and
delinsation of ora bodlss. Exploratory mining was
elso continuad for detalled assassmeant of the ore
body at Gogl, GQuibarga district, Kamataka.

In addition, pegmatite belts of
Chhattisgarh and QOdisha for the rare metals and
sand bodies of coastal stretches and lake
sadiments of Tamil Nadu were targeted for
augmsntation of rare matals and heavy mineral
regsources of the country.

Significart highlights of the achievermnents
of the mineral sploration programme are
summarized below:

Uranium Investigations

Reconnalssance (4708 sg km) and
datalled (182 sq km) surveys helpad In locating
new uranium anomalles/extension of known
occurrencas in the following geological environs:

Dharampurl Shear Zone, Tamll Nadu: Uranium
mineralisation associated with quariz barite veins
and altsred epldota homblende gnelsses were
located near Kalarapatii/Ponmalal/Almarakottal,
Vellore district.

Ajabgarh Group, Rajasthan: Uranium
mineralisations associated with brecciated calc
Bliicate near Sirsorl KI Dhanl, alblized quartz
biotite schist et Kalakots, pink siblite near
Kalakhera, Slkar district were located.

Surguja Crysialline, Chhattiagarh: Granite
samples of Chattanpani were analysed, U,0, and
ThQ, located In Surgula distict and discrete
graing of uraninite have been identified in this
granits.

Unmnfity contact batween basant
granite and Srisallam Formation at Chitrial,
Nakyonda district, AP

Drilling at Rasimalai Hill, Yellors Disfrict,
Tamll Nadu
Mahboobnagar Granfte, Andhra Predesh:
Uraniferous anomalles were located In granfie
and overlying sandstone/grit at Akkewaram,
Mahboobnagar district.

- 1
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Talehir Gondwana, Madhya Pradesh: Uranium
minerallsation hosted In sheared brecclated
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ferrupirissd arenits of Talchir Fomation, cioss to
bosenunl granie wee locaitied weat of Koba
vilage, Bahil dietrict

Nimar Sandatons, Medivya Predesh: Umnlum
minsrallsetion assoolsted with osloarscus
farmuginisad sandatons was located et Bhinpura-
Mopm, Dher dibict end Salkhers, Alrejpur
diatrict

Bembalpur Granitolds, Odishe: Uranlum
minamlsation wan located I quartzo- foldapathic
caianizsle (o the axd of Malgldesman, Bargarh
district

Anes, Oclisha,

L iia Wit alirobinn hairi ¢ a8
INGluion in pamst, Enhm TEamil Nachu,

e |

H-H'qr Mmaml Lngruing n U-::hq:n
Kermateie

Geoachemlcal Surveys

Qeochamical sursys woarn camled o
over 2,640 aq km In diferamt parts of the courntry.
Uranum valses of 268-2X7pob In Lafl Ka Doy
and 12-615ppb In Arva FRann, Jalore dsirict,
Rujssthan wers mecorded In webie samples.
Liranium valuea 1-140 ppb waa recordad Inwiatar
sampies Jharsuguda district, Odlsha and Ralgarh
district, Chhatdsgarh.

Ground Oeophysical surveys
Ground guaphywical- regionel and

detalad aurvens have baan carled out in differant
geoiogiosl domains. High changaablly snd Iow
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malathity one comobarating the halbome
geopiwaical anomalies have bean asiabiizhed In
Hinpur and Indana, Chattorpir diatict, Madhwae
Pradsah. High chargsabilty and low to modamnls
risglsdhvdty ohoshbrs cvir & silke-bgth of 3.2km
are rocorded In Chandur-Keirhetl area In
Bwlgaum disriol, Kamaiala. A NE-SAW magnsiic
high zona s delincatod paralisl i presamt coastin

sxcinsion arma of Brahmegid deposk, Purn district,
Odiahn,

Alrborme survwy andd Ramots Semaing

Hadlsome geepiysoal suny somprsing
of slacromagnetic, magnatic and madiomeatric
sysioms were oamied out In Cuddapah basin
Andhra Pradeah and Aravelll Fold Bell, Rejaathan,
thwouph MGR In South Purula Shear foms &
Singhbhum Shear Zone In Jhwrkhond and Weot
Banpal respectvely and Singhom sub-basin In
Chiwitiogach. A totgl of 3BE20 lne lon wag
covarad.

Cetalied hho-atruchral mapping using
high-resoiution sxindbe deate wes carmed out In
thees geological demaing viz contaet zone of
Mahakoshal and Vindhyan, Sindrath-Punagarh
basin of South Dali Fold Belt and pars of
Cuddepah basinto prepars bass-gasiogical map
and supplament the Insgraied evalusfion of
holliborma geophnyeical and ground-axploration
dete-sels,

The Intarpretation of magnetic,
slactramegretic and mdlamatric dete gensrated
by hellboma geopmysical surveys over Kalsdgl
bagin durlng 2009-10 ared 2010-11 wg
compisted and the imtagrated thametic maps
wary finpisad. Rty four anemales of hellbome
mdomatric data wera ground checked and

Islampur Gudda enomaly of Kaledgl basin In
fuartz ananke wers anahasd Lpte 0.039% LLO,

Hallbome Survey operatione at Chirwa,
Udalpur Diatrict, Rajeathan.

A total of 188140 m wes canled out
during 2011-12 fleld sesson i sstabish
addtonal urenium meeourcea In the lnown
gooumencas and aub- murlscs cortinuly of
minanlatian in thae new promising areas.
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Expripration Inthe sstenglon /new sreas

Significant mineralesd Infercepin /! bands
weplorgd during the fleld sseson:

. Extenslons of comelatable urankim
minsralizatlon, assaclated with Yempalle
dolostones wae mercepisd both In hAangeal 2nd
Tootwall &1 Turmalapala Blockd, Tummakpale
Block-1l, Kanampalle, Rachakuntapalle,
Mohnutalapulle, Velamardpsle-Qldankipalls
and Madyalebodu blocks In Kadapa distict,
Andive Padesh

# Uranium minemissiion wsa imsmoepted
o B the urconformily belemss Sl
quartzite and basemont granite In Melgonds
diiriot, Andhrm Pradesh

. Comsistebie urenium minemisation was
Indsrcaptod cloos to the uncanformity betwean
Banganapaile quartie and besament grantis
andl within tha Banganapalle quarizias In Gartur
district, Andhra Pradash

" Cormalatabla uranium  minenalication
raiaied to aibitits xons wems merceptad In Rohi
Cantral block & Noth block, Ghaisgwar-
Khandala, Hume K dhanl, Nersingpud and

Rt ratfigash in Sl distriot, Feyasthan

= Comalaizbls uranium mineralkzalion wes
intsrceptod In Lowsr Mohodsk sandadane at
Wahiout and Urmthonglart deposaks in Yeast Khaal

Hils distried, Meghalaya

. Cormiatable uranium minsmaliz=tion
aonclatod to limesions, acecty almiler ta Gogl
uranium deposk, Intercepisd In boreholes of
Karchankany i Yadgr disinict, Kerrkebes

. Correlatabls uranium minsralisstion
aapoclated with brecelated granke, proy grantic

and granite- gneleses wers imercapted innumber
of borshokss ot Do, which o located Dotwean

Dumhuth and Jojesal ursnkom  depostta In
Burguje dismrict, Chhatiagarh

* Comalataibda uranium minerallsation
itercapted In borsholse associsted with Bortalan
aandeiong of Kharagadh Group and ako in

————y . "
added |n Geachronalogy

X

- --
Specimmater  [TIMS)

Molsture proof GAM and Shielded Probe
developad by Itrumentaticn Group
AMD, Hydaraad
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Pitepani metabasics (Dongargarh Group) near
the unconformity in Durg district, Chhattisgarh

. Correlatable uranium mineralisation
intercepted In two of boreholes of Narwapahar
deeper series associated with quartz-chlorite-
sericite schist at Narwapahar in East Singhbhum
district, Jharkhand

. Correlatable uranium mineralisation
associated quartz-chlorite-sericite schist
Intercepted In number of boreholes at
Banadungrl-Singridungrl In East Singhbhum
district, Jharkhand

. Correlatable uranium mineralisation
associated with zones of secondary silicification
and magnetite-apatite vein lets intercepted in
number of boreholes in Seraikella-Kharswan
district, Jharkhand

Exploratory Mining

Exploratory mining at Gogi, Gulbarga district,
Karnataka

During current field season, 13.00m shaft
sinking was developed and cumulative progress
of225.00m in shaft sinking has been achieved.

Total Uranlum Resources

The country's uranium resources were
updated to 1, 86,653t of U,0,as on31.10.2012.

Rare metal and rare earths
investigations

Reconnaissance (1105 sq km) and
detailed (11.5 sq km) surveys resulted in location
of new occurrences of columbite-tantalite and
beryl bearing pegmatites at Karnataka, Odisha,
Chhattisgarh and Rajasthan.

Additional reserves of 6787 kg of
columbite-tantalite are estimated in pegmatites of
Allapatna-Marlagalla, Mandya district, Karnataka,
Arehalli, Hasan district, Karnataka; Bodenar,
Bastar district, Chhattisgarh; Dummapara, Bastar
district, Chhattisgarh; Latmetta, Dantewara
district, Chhattisgarh; Kirmira, Jharsuguda
district, Odisha; Jangapara, Jharsuguda district,
Odisha and Richmaliya, Ajmer district, Rajasthan.

A total of 2630 kg of columbite-tantalite
and recovery of 3305 kg of beryl as by-product
was produced from the field units of Pandikimal
and Jangapara, Jharsuguda district, Odisha;
Bodenar in Bastar district, Chhattisgarh and
Richmaliya, Ajmer district, Rajasthan.

Beach Sand and Offshore
Investigations

For identifying the additional beach sand
heavy mineral resources, surveys
(Reconnaissance- 200 sq km & detailed-12.2 sq
km) and exploration (drilling, sampling and
evaluation) were continued along the coastal
tracts of Andhra Pradesh, West Bengal, Odisha,
Karnataka and Tamil Nadu.

Exploration

1387 boreholes with a cumulative depth of
10587m were drilled in a grid pattern and 7116
individual and 67 bulk samples were generated.
Composite samples were processed for
separation of monazite and zircon.

A total of 2786 individual samples and 39
composite samples were analyzed for slime, shell
and total heavy mineral contents. Grain counting
was carried out on 23 composite samples
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The following potertial heavy mineral zones have
been delineated:

’ Manamealkudl and Thondl area (10-15%
THM), Ramnathpuram dizirct, Tamll Nadu:;

. NW extension of Brahmagin mineral sanl
deposit (upto 10% THM), Puri district, Odisha;

v Depal-Kanthl tract (0.12-13% THM),
Midnapore district, West Bengal;

. Kaup-Udupi-Koni-Kondapura tract (3-8%
THM), Udupi district, Kamataka,

v Along barm zone at Kesavadesupalam
coast (10-30% THM), QGodavar district and
Rayadonuvu-Swamamukhl rdver mouth (5-15%
THM), Nellore district, Andhra Pradesh.

Detalled Reports

Fourtaen technical reports on beach sand
heavy mineral deposhts were finallzad and 151
technical reports were archived in 'SANDBASE-a
database developed by AMD.

Mining & Mineral Processing

In Indla, mining and processing of
urenium ore Is done by the Uranium Corporation
of India Lid. (UCIL). This corporation operates In
Jharkhand state with six mines at Jaduguda,
Bhatin, Narwapahar, Turamdih, Bagjata and
Banduhurang, and two processing plants at
Jaduguda and Turamdlh. At Mohuldlh, also In
Jharkhand, a new mine ks under construction. A
new mins and a processing plant are also under
construction at Tummalapalle (Andhra Pradesh).

The overall performance of the company
during the yaar 201 1-12 was recognized as Very
Good. The construction of Tummalapalle mina
and plant In Andhra Pradash achleved significant

Yellow cake from Tummalapalle Processing Plant

success, The mine started production of 2000 tpd
pre and adequate stockplle was creaied. The
plant which s basad on Indigenously developed
alkali lsaching (under pressure) tchnology
made substantial progress. The product
packaging was started on Jan 2013. Successful
commissioning of this plant Is expected to pave
way for utllization of vast uranlum resources
alrsady Identified around Tummalapalle.

Mohuldih underground mine in
Jharkhand recorded uranlum ore production.
The mine Is expectsd to ba commissionad In
March 2013 and shall feed the plant at Turamdih
which ls under expansion.

UCIL successiully presented the cass for
expansion of mine and plam at Turamdlh before
MoEF (Minlstry of Environment & Forest) and final
emvironmental clearance le expectad to be
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obiainsd soon. Significant progress was also
basn meda towards tha complation of the above
expansion projects. UCIL alao presented the case
for Terms of Reference (TOR) extension of
Narwapahar Mine Project & Tummalapalle

Expansion Project.

UCIL achleved treatment and recycling of
all mine after modifications In layout through In-
house research. Judicious ulilization of recycled
water through meticulous monitoring of chioride
plcik-up resultsd In 505 fall In process water
consumption per ton of ore processed In
Turamdlh. Energy consumption In Turamdih
Process Plant reduced from 4537 kwH to
37.38kwiH per ton of ore processed.

Nuciear Fuel Fabrication

MNuclear Fuel Complex Is engaged In the
prodiuction of natural uranium oxide fusl bundies
for PHWRs, enrichad uranium fusl assemblles for
BWHSs, reactor core structurals, reachvity control
mechanisms and special materials like tamtalum,
nioblum ete.

In addition, NFC producas all the core
sub-agsemblies and other crilical components
like fuel cladding tubes, Hexagonal wrapper
tubes eic., made out of special stalnless steals/
D9 metarlals for fast breeder reactors. NFC also
caters to the demand of high guality stalnlass
steal tubes/ pipes and titanium half alloy products
for critical and strategic application

PHWR Fusl

The raquirement of fuel bundies for all the
PHWRs under operation was timsly met. All the
indigenous raw material in the form of MDU/MTUP
suppliad by UCIL wera convertad Into 18 elamant
and 37 element fusl bundies to meet the
requirement of the reactors that are out of IAEA

safeguards,

Automatic Boat Charging System for pellets
for final compaction press

Safeguarded fuel plants continued
processing of sgieguarded uranium raw material
and maintained sufficlent stock of fuel bundies at
safeguarded PHWR sltes. As a part of
modemlsation effort, SCADA system with central
cortrol was fully operational in Uranium Oxide
Plant.

Modifications in Fusis Plants

. Automatic hoat charging from press was
conceived, developed and commissioned. This
eliminates manual boat charging operation.

. Modification wes carrled out In granules
contalner and granules blending for mechaniaed
feeding into final compaction press.

. Modification was carried out in pick and
place system of final compaction press for
reducing pellst chipping and breakdown of
presses thus Improving productivity and
racovery.

. Development was carried out In dle sets
for reducing grinding allowance In pellst
productionio enhancea recovery.

. Development was carried out in
processing paramaters for safe handling of HTUR
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Re-enginsering of INVAP grinder was carried out
to suit to the PHWR fusl pallet requirement. The
unit is in continuous operation.

An automated visual Inspection system
was developed at BARC for quality assessment of
UGO2 fuel pellets during fabrication for detecting
visible flaws like pits, chip offs, cracks, efc.
Severity of defects was evaluated by quamifying
geomeirical parameters.

U-metal and alloys of varlous grades In
bulk ingot and powder form was produced for
Indian ressarch reactors. Development of
laboratory scale facility for preparing Th-U and
ThZr alloys from In house staring meterlals,
development of facliity for production of LEU
Ingot for making U-Zr alloy for use In FBR and
supply of LEU metal powder of desired grade for
= —= - i T =

Energy Efficient Paddle Drier Unit
os T

] \ £ 1

Caroussl type resin-in-pulp set up for separation &
purification of uranium bearing leach slurry

new APSARA core weare some of the important
achisvemnents.

Optimum process parameters for
production of U-metal Ingot from UF, were
established following a dry routs. In order to
enhance uranium production, a novsl energy
efficlant paddie drler was commissionad for
drying ammanium dl-uranate powder In tonnage
scale.

Tha hot deformation behaviour of natural
uranium was studled to Idently the optimum hot
working conditions.

Laboratory-scale studies were caried out
to recover dissolved uranium values from an
alkaline leach slumry of a medium-grade uranium
ora from Gogl (Karmnataka) using the resin-In-pulp
(RIP} process. A systematic effort was directed to
aexplore the possiblity of recovering uranium
values from uraniferous black shales of Mussorie
Syncline of Uttarakhand.

Zreonlum activities

As a enorgy conservatlon measure,
double drum type steamn heated dryer for
continuous drying of zirconium hydroxide wet
cake and low temperature rotary calcination
fumace were commissloned which will be
operated In placa of old high temperature drying
ovens on batch mode.

Commissioning of new chlorination
facilty with PLC based process monitoring &
control systern wes completed and primary
ventllation with 2 stage scrubbing for producton
of 1500 MT per annum of drconlum tetra chloride

was improved.

Installation & commissioning of a new
rotary Incineration furnace of 30MT per month
Ingineration capacity of pyrophoric waste was
also completed.
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Process modification was done through
optimisation of meting time and temperature in
vacuum distillation oparation which resultad into
15% saving In energy consumption.

Zircaloy fabrication

3780 T Bxtrusion Press at NFC was used
for meeting the entire requirements of Indian
PHWRs & BWRs and other strateglc materals
wars alao procesaed for ssveral applications.

Extrusion of inconal-718 and inconel-880
super alloy tubes for high temperature
applications and Al-8Mg alloy for indigenization
of componants of BrahMos was carred out.

520 mm & Arc Melted and Machined Ingots

w K

Al- profils tube eadrusion for production of
aluminium fin tbes in symmelic profile and
asymmetric profiles were carmied out for DHRUVA
clad tubses In 830 ton veriical axtrusion press
using a direct die instead of conventlonal mathod
of porthole die.

The calandria tubes required for RAPP
788 were manufactured and supplisd during the

VEar,

Modiflad process route for fabrication of Radlial Forged Ingots
Zr-2.5Nb pressure tubes based on double radial
forging, exdrusion and single pags pilgaring route
was demonstrated. The tubes were characterized
and they met the desired metallurgical and
machanical propserties. Based on the result,
manufacturing of preasure tubas for KAPP 3 was
takenup.

High temperature test loop for thermal
hydraullcs experdments operating above 11000C
was succassfully fabriceted and supplied to
BARC for CHTR project. The loop design conslsts
of mainly tubular and sheet compenents of Ni-
12r-0.1C alloy. The high strength alioy was melted
and extruded ard cold pilgered 1o suitable sizes
of tubsee for test loop fabrication. Exiruslons were
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also carried out to produce other critical
components. Further fabrication was carried out
through electron beam welding and other
precision welding techniques and necessary QC
checks were done.

The clad for AHWR-LEU fuel is zircaloy-2.
To increase the burn up, it was decided to
introduce double clad tube with low tin zircaloy as
inner tube and zircaloy-2 as the out clad tube. The
tubes were produced by shrink fitting the mother
blank tubes in each other, degassing the shrink
fitted blank tube and welding the two liners at the
faces by EB, co-exirusion and multiple co-

pilgering.
Commerclal activitles

i) UNS 8800 grade Steam Generator
tubes for 700 MW PHWRs

First charge of 2489 nos. QA cleared
tubes for SG-| were produced and dispatched to
L&T. These are U-Bend and glass bead shot
peened tubes in 72 radii from 91mm CLR to
1014mm CLR, meeting stringent specification
requirements of UT, ET, visual and dimensions
meeting special packing requirements identical
with steam generator configuration. Second set
of tubes were also produced and were being
despaiched.

i) Process development for Production of
inconel-617 and UNS 30432 grade tube

Process route for the production of
inconel-617 and SS 304 HCu grade tubes for
advanced ultra super critical thermal power plant
application was established and tubes were
produced meeting all critical quality
requirements.

Projects
NFC-Kota:

. M/s EIL was appointed as consultants for
carrying out detailed engineering and
construction supervision.

. Public hearing was conducted and final
ElA report submitted to MoEF for environmental
clearance.

. Site evaluation report was submitted to
AERB for obtaining siting consent

. Preparation of DBRs for submission to
AERB was in progress.

NFC-5: For supply of 1250 tpy of fuel for initial and
reload requirement of 10 x 700 Mwe
PHWRs being planned by NPCIL at Haryana,
Madhya Pradesh and other places, yet to
be notified.

- Site selection committee was formed for
evaluation ofthe proposed sites.

. Letters wera written to AR MP and
Rajasthan governments for providing suitable
land.

. Preliminary visit was made to the
proposed sites in AP

. Rajasthan and MP Governments were
being followed up for response.

Zirconium Complex

Zirconium Complex (ZC), Pazhayakayal,
Tuticorin, Tamil Nadu was set up to produce 250
tonne per annum of nuclear reactor grade
zirconium sponge. Plant was commissioned in
November 2009 and production activities for both
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Zirconlum oxide and zZirconlum sponge were
started on regular basis and mesiing the

productiontarget for past 2 years.

. Conatruction of quarters plannad to
accommodate staff of Zrconlum Complex and
CISF personnel and other amenities like medical
centre, shopping complex etc. were in advanced

stage of completion,

. Desalination Plant wih two streams each
of capacity 30 m"/h of product water was est up at
Zirconlum Complax. Civil construction works for
plant bulldings and RCC water storage tanks
were In pragress. Purchase orders were released
for major equipment by vendor and part supply of
equipmert / materials was received. Work was in
progress for sea water Intakes system to supply
tead water (saa water) 1o the Dasallnation Plant.

Nioblum Thermit Production Facility

Various activitles wers In progress for
astablishing Nloblum Themnit Production Faclity
(NTPF) for Indigenous production of special
grade niobiurm which will be used in manufacture
of different componenis in INSAT programmes of
VB85 (Dept. of Spacs). Works contracts awarded
for civil, slecirical & other works and procurement
of related equipment were In progressa.

BACKEND

Fuel Reprocsssing & Wasts Management

Plutonlum Plant, Trombay was
operational for recovery and purification of
plutonium and uranium from spert fusis from
ressarch reactor. The nuclear material recoversd
in the plant was used for varlous programmas of

the Depariment.

At BARC, several ligands wers evaluated
for actinide paritioning studies. Uranium

extraction studles were also camrled out for the
evaluation of dihexyl octanamide (DHOA).
Plutonium was recoversd from analytical
laboratory waste using hollow flore supported
llquid membrane (HFSLM) technique.

Thermal denitration of magnesium nitrate
was taken up as a stimulant to uranyl nitrate. Jst
grinding eystem as a particle skze conirol tool for
agglomerating nitrates was Installed and testad.
Smooth and steady operation was establlshed
with 10 LPH and 15 LPH feed of magnesium
nitrate solution.

Hallow flbre membwrane faclity In glove box
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Corveralon of 85 % of magnasium nifrate
wae achievad by opimizdng pammeters le
flukdbsution veloolly, bed height, sir-pdd il In
tha spray noxde, |ef grinding s pressure and
fiow rate. The eficacy of operstion under vacuum
wan sl satabished. Other sallent featurs was
oxtisfackry periormance of Indigenous esprsy
rizzie faovicated, prsumstic transher mprbem for
tha Iiing of silca sead partides and vacuum
wysiem for vaouurn operation of the reactor and

aft-pes pymtem.

Praliminery aafely raviow of foundation /
raft of pre-conceniretion saction & procesan bay
squipmsniz of Ly Mirgis Chrmaprslon Faollly
(UNCF) &t Kainaidoeam ware carmad out.

Symhoala of d terdary bunyl DCH18
Crown 8§ (DTBDCH18CE), » precursor to

DTBEDGH 808 was caried out in lab siale ard &
process fiow aheot waa genorstad. The cnuda
campeurtd was fommed with B0 % viski and 55 %
plrkty. Procesa davelopment for purfcation of
thie crude arxd e conversion to the fimal product
by catalyte pdroganation waa in prograoe. Lab
scala pynthasls of grafied di-Banzo16 crowni on
atcarty retin was ourind out and & proces flow
sheat was desralopad.

Au rano catalyst woa syrthestrod Ualng
tecimiques Ike micro emulsion (ME}, sobvo-
thermal (8T) and micro wave (W) end
charactertzed

Varous shvles caried out Incided
process of drop formadon ot asingie hols [In aleve
and nozze plates for quilsecant continuas pheos
uaing numaerical simulstions; Efects of varioum
geormuiro and physiol propardiss on the drop
formation process; Effecta of flow direction,
physical preperfes and pors sle on the
phenomana of aimutanacus adraction and
shripping and numarical simuistions ware carmied
aut 15 sludy mame tarefer in & single pore for
supportad Bguid mambrana.

Single-phass CFD aimulstione of pulbad
ove plates columne wens camisd out for pressurs
drop and pukse wrpdihed e for difersnt hols sl
and plats spacing and validation.

Basad on hollow Ther daparsion liquid
membrane (HFDLM) process In recimulation

HFCAM axperimantal set up
with Haollow Fre module

Crop formation &t & single hods, 4 spapehot from
numearical almulation



oy, numiber and eize scals up of alcw fbwr
cominchor unk for recceyery of LI from U mifinats In
slng ba pives mecks wis Eakapn up.

Power Reaolr Fusl Asprooessing Flant
{PREFRE) o2 Tarapur continued to camy ol
aged Pu purificad on work

i

Power Reackor Fus| Reprocessing Flant
(PAEFREH), Tarapur

PREFREl wis continuously aperating
succsseiuly and it achisved ai time record In
capacdty uiimlion. The plant complated the full
yoar of cperation with outstanding performancse
both In tems of prsdution and process
paramaters. Epant Fuel Storage Facllty (EFEF),
Ternpur continued & be wiksd for starags of
spent fupd fom Indlan PHWH and special
pemizsion for snhancement of capacily wes

Kalpaldaoim Raprocssting Plant (KARP) &
Spent Foel Glorage Facdiy (BFSF) wes In
operation and [t sohlnsd &l ime meoord in
capachy utlization. Tha plant oparated
sucnessiuly with cubstanding parformanoe both
in tama of production and process paramsters.
imtroduction of modified process had educed the
recyde volume and Incrases In thraugh pit.
SFSF oparsted with asfe stomge of spert fusi
from MAPS with high oepactiy ullEption

Spert Fual Storage Facliity

The project PAA Is designes to Inorsess
the capacity ot FHWR fusl mprocoasing ot
Kalpakkamn. Incell and ouiced ploing work

progresacd wod alang with Inter connacthity
checking. Alr condlioning, ventlsion and
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exhaust (ACVE) and steam generation systern
wera near completion stage. Pre-project
activities for setting Integrated Nuclear Recycle.

Plant (INRF} was In progress. The siting
and dose apportionment clearance was obtalned
from regulatory authority. Environment clearancea
was also been obtained from Ministry of
Environmemnt & Forest (MoEF). Construction of
Additional Spent Fuel Storage Facllity (ASFSF)
worla had made progress.

Distributed Conirol Systern for Integrated
Project of Nuclear Recycle Board was developed
bassd on in-house devseloped Trombay
Programmabla Logic Controller-32 (TPLC-32).

Control system for the Integrated plant
was configurad in a distributed architaciure with
control algorithms for each process biock

implemented in dual redundant TPLC-32 based
programmabls controllers. Prior to building the
actual system, a prototyps was selup at Reactor
Control Divislon to astablish the capabliity of the
control system

¥Wasto Managoment

Waste Managemert plant in Tarapur
(TWMF) continued to provide service in
management and safe disposal of redioactive
wasgte material In solld and liquld form obtalned
from BARC and Nuclsar Power Corporation indla
Limited (NPCIL) unit at Tarapur. The discharge of
activity to the ervironment was kept well below
the prescribed limits sst by the regulatory bodies.

During the year about 54000 m® of liquid
waste and B40 m® of solld weste was collected
and disposed safaly within stipulated discharge
limhs after adequate treatment at Centrallsed
Waste Managemert Facilily.

Additional Waste Tank Farm (AWTF) was
In raguiar use for safe storege of High Level Liquid
Waste (HLLW), Intermed|ate Liquid Waste (ILW) &
Organlc Lquid Waste (OLW) generatad from
regular operations of PREFRE. Liquid radioactive
waste streams were treated by various chemical
proceseing setter and dilution methods befora

discharging In to sea,

Solld radicactive waste malerals were
conditioned and properly disposed in different
sngineering barriers. The discharges / disposal
were wall within authorlsation limits.

Qaseous digcharge of active particles was
praperly treatad by filkering with High Efficiency
PArticulate air filter (HEPA) to reduce the
discharge to bare minimum.

New technique for disposal of salf powar
nautron detectors (cobalf) after s useful Iife In
reactor was developed.



NUCLEAR POWER PROGRAMME STAQE-I

Facility for processing of thorium
lean raffinate waste a) Shlelded Pre-fitter

[

b) Shislded lon Exchange Column

Advanced wvitrification facility &t Tarapur
was hot commissioned and started operating
yiiriiying HLW Into glase mairkx, on a routine
basls. The plant continued to recelve fresh HLW of
specific activity of 85-100 Cl/1 and thorlum lean
raffinate (TLR)} waste generated during
processing of thorex process maffinate from
Plutonlum plant, TrombayAbout 182 m’ of
tharlum-lean raffinate wasts, having average beta
gamma radioactivity of 26 mGCi/l were sent to
Wasts Immaobilization Plant, Trombay for further
pracassing/management. About & m’ of aulphate
bearing HLW wag vitrifles safely during the report
period.

Studies for the development of a chemical
precipltation method for separation of *Sr from
HLW was completed. Studies on the destruction

of cellulosic waste using slectrochemical method
#t laboratory scale were carried out.

lon Exchange System was set up at Pump
House, WIP Trombay to serve as a dadicated
treatment facility for reatment of historical ILW.
This systern was designed for separation of
essium and strorium from LW stored in Waste
Tank Farm (WTF), of PR ILW |e generated during
decladding and reprocessing of spent fuel at PR
This ILW was characterized by the presence of
"'Cs as the major radionudlide, amounting 1o 88-
B84 % of the total radionuclides.

A faclity based on neutrallzation of acldic
TLR waste followed by ion-exchange was
commissioned for treatment of this thorium lean
raffinate waste. The facility was hot
commissioned and put Into opseretion after sefaty
clearancas.

Spent radiation sources received from all
over the couniry from various users are being
conditioned and disposed off safely at Trombay
end Kalpakkam.

Facility for treatment of ILW
a} Salf-shiskled ion exchange columns.
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b} lon exchange feed pump wih
assaciated valving

Dismarttling and removal of highly active
Joule Meiter — AVS-1 and associgted system was
carried out. Vitrified glass was stored in canisters
and overpacks and under survelllance In =solid
storage survelllance facliity (SS5F).

The Industdal scale test facllty for
partitioning of high level waste has been setup at
BARC, Tarapur and commissioned. Cold
commissioning trials resulied in near total
separation of trivalent lanthanides, usad ae
Inactive sumogates for the procass. Group
gseparation of actinides from the co-extracted
larthanides was successhully simulated using in-
on TALSPEAK process with neodymium as
marker.

The spant sohent managemant facllity
Integratad to the partitioning faclity has also been
cold commissioned with respect to the alkallne
hydrolysis process for treating spermt PUREX
salvent.

= el 1 B
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Block diagram of integrated spent scivent
management facility.

A poly vinyl alcohol based viscous gel
formulation has been developed in house for
dacontamination of loose as well as weakly fixed
contamination from metallic surfaces. An
engineering test faclity Is under fabrication to
demonstrats this tachnology.
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An adwmncad oxidation technigus
employing ozona hee been dovdoped for
remavil of "™Au fom alkalne waste aa volatils
Rul), spaciss, An Inorganic sorbant has besn
ldeniified for affectve trapping of volatie Ru
gpecies from orone smvironment The procoes
haa bean tosbed wih acius memedisie ol
high saitiosded, iainsweste of lab. scals.

An Ag* madiated elactrochamical
precess has besn developed for oxddotive
destroction of aipha cantaminsted tesus papens
In nitlc ecld madium £ Iaborstory scale
supoessiuly tenind with achus) waste arising In
AMD facilties. A pliat scale sxporimonts for
recovry of ssle material from celulosic wasts
and ke managemant ana an the way.

Neow sami automatic melt dansiication
systam for mait dansificaiion of phasiic waniss
wd proounsd, installed and coemmdsploned. Cieo-
technical Investigations for Alpha Yaste Storage
Facilty, New Above-pround Tanks in Dyle and
Vantiation Bulidinga wera completed. Chvll worlkk

wes In progress for the now Diution Yater
Syatam at PFEA pramioes.

Project WIRL3A, Kalpuklam b dealgned o
traat varous ypa of wasts &t high, imemmediate,

low lpvsls wred orgunio wisia ganeoisd by KAHR
P3A & Deamonetradon Fast Raactor Fuel
Reprocsssing Plant (DFRP). Verious sysbems of
the project were In the advanced stages of
commiseioning and cold commissioning frisle
wern inittated

Ths Heavy Waler Board b soosouting a
projact for NRB for comeansion of uranium nirste
ta uranium mdde and for carmying out denfirstion.
The oMl conatruction of project wias undar

Progress.

M58 basad Mul-Channal Scalar for Non-
Dwatrucinog Aamry of wassts dnume was deviloped
by BARC a3 pant of nucissr Inatrumentation for

Cerralizad Waste Management Facllity

LS8 basad Mulichannal scalar daveloped by BARC

non-desiructive asesy of drume containing
nucisar washs, The drums wers meunied on PLE
cantrefed drum manipulaior assembly. The Ma-|
deteciore mountad on a nearcy stand detected
tha gamma radlatien from  the radoactive waste
from withinthe drum.



SAFETY PERFORMANCE
OF REACTORS

To boluinr the safely bn Inclan nucleer
power planis, |1AEA Opamtonsal Safoty Rewiow
Team [OSART) cared oul a It ever salwly
raview of RAPS-384 X220 MW, FHWHAR) =t
Revmtibhmate, RAajesthan, The purposs of IAEA
OSART reviow wai 1o assist mambear ataise In
srhancing the opermtional safely of indvidual
nuclaar powar plants and t promote the
cominuowus developmeant of operziionnl salsly
within ol membar siatsa by the desmination of
imformestion on good pracices.

&

Impressions

“Cpen communication, enthusiosm, metiwton
end serse of swnership wers cbaerwed ot all
lgweti during the OSART Mizsien Thass
griributes have cultiveted an anvirominen? of
strong safety culture at RAPS-344."
T, (F

Mark Hoarney Mroainy iper
Doputy Tasm Leacer Tarer £ eactnr

CIEAHT Mimain-207 1 KAFS-J&d

LAEA QIARAT revierar findlings, ahared by
the team lsader In an interdaw o BBC, brought
ot thed RAPS 364 were ore of the bist and safeat
in the world Reacior Promsurs Vesssl (FPY)
inspaciion i TAPS-1 wan carrisd out for B9
haalthiness confirmation and it mat Imemational
siandard,

HEALTH, SAFETY AND
ENVIRONMENT

NPGIL rsoorded sbiost 370 resclar yesrs
of safe operation of roactors by the month of
Dacsmiber PQ12. The Review of safwly of
opaeming satlona was canied out on & ragular
basls. The Indhicunal srgd oollecthve oonupedional
epoaures of radation workens at various NPPs
wom maintalined within the budpst approved by
Atomic Enargy Regulatory Beard by following tha
principle of ALARA (As Low as Rsasonably
Achlevabhla) and melntalning the highost
piendards of safely within the Nucisar Power
Plaris (MPPy). The radicacihve sifenia from
MNFFa t0 ths amAronment wears mantsined very
kv In cxmpuriacn i the limis epealfied by AEREL.
Tha Evironmential Managomant Systomn (EME;
and COooupational Health and ZSafety

Muragaement Syatam (OHEMS) wara malnialnad
ut il the stations,

Al the Heayy Water Planis were cortifed
for 180 Quallty Managemsnt syatem,
Emvironmental Managemeant Sywism and DSHA

Syl The overall safely stondseds of Huaavy
Vainr Plants wers far beitsr than almiisr chamical

inchusiriga Inthe pouniry.

At BARC, Redgtion Delector System
(RDE} for pollce vahickss was doveloped i Inetal

3
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Baia Gamma Hand and Foot
Contarriénation Mordior

owvar 80 Mumbal police petroling vehicles, Two

days braining programms wes comcludted far
sanior police officials abowut beslc sapectk of
ruclsyr recition, prveniion snd meponse o
mdological amargenclea i public domaln
arising oud of unsuthorbesd uss of radiomotive
matarialn,

Momogram sofisan along with hand held
ool was dewiopad = BARC for delsnca
appdcatiana retatad 10 nUC oar cloaATar o DO,

Lange numicer of defonce and securtly apencies
inclurding DAE secunty officlale ware alnad on

responding to nucisarmdological Inciderts and
emapgencies. Aarlal sury Sxercloss wers
conducted ae part of training to Indien Alr Forcs
parscring and offican for IMpact secdsamornt
and reapanss to nuclear Ssaiere.

Two additional DAE-Emergancy
Rasponue Canires (DAE-ERC2) ware
commissioned to augment the Mational leval
Radiclogieal Emwrgerncy Prapersdress, om
sach at OSCOM, Chatarpur and IRE,
Murunvedpkyriohl. With this g bk of 22 DAE-ERCH
wana established,

e

Lurgauuumlt_l-ﬂ'ﬂgulhwmw
coliniing eystem

Large aran mulli-wire gos flow
preportional counting sywiem wes esinbishad ae
& primary sierdard for calibraton of lerge wea
sowrcen. For callbration of comamination
monitors, ks ame sowrces of Sr7Y" of diferent
dimenalons wers praparod, callbmtad and
supplied. Ardicactivity standerds wers
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satablished for ™Lu and “F which wil ba
disssminai=d to hospials and nuciesr madicine
asntras, whera these are used as
mdopharmaca ticais,

Devalapmart of hand and foot mantior
using larges arsa thin piastic scintiiator and High
cncantration bitlum in e maniey for apecl
monttoring applications wsm complatad.

Hydrogeacnemlical atudias and
spociation analyses were camed out In
conmection with the mantoring of unenim In
drinking water eocurces in Punjsb. The uranium
spedlatian in grourd witdie was nabetiguded keran
aqullibrium meadel undar various radox
ceritions and complscant conosniration

Rapid and rellabls mdiochemical
Mt ware dismlopad for the separation of Pu,
A and U from urine mairbe using so bl sxdraction
chremuisgraphio regims for ths guiikc sstimation
of excration ratos and halp In taidng apprapriata
protecion Messurss,

A profohyps automsted mdochemical
Arvi b spyshien pontalning radiiphs ookarrs wae
developed by BARG for the soparation of Pu/Am
from wrine and feosl samples. A chalr Lype

Thyrald monitoring aystem, capable of utiizing
muttipls deteciomn such se HPGa, thick and thin
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Mai(TT) wea developad and commisaloned. The
system was used to mmasurs internal
portination dus i botopes of redialedire (™),

¥, ™1 an asingle platform.

Nor-ineer kit pquars regreion based
irvarsa moedaling technigue was doveloped to
seimain e relnares of diferent radionuclides
into Paciic ocaan which had resuited dua to the
dischargs of highty madioactvs liquid sMuent from
affecied Doaschi Nuchss Powsr Station ([DNPS) et
Fukuahima In Jdapan. The measured
ponstriratl orrs ofthass mollorasolides In seswatar
mamplea collected from two sampling polnte naar
Fulkushima ware used for the sslimedion,

iImemne modaling was camed out to
pilimain e redeane of diferet radlorudides
into the smoaphera which had resulted dua to
tha nuolsar anoldert at the Dalohl Nuclear Powar
Stadion at Fulnehimna in Japan. The relsass of ™
and ™Cs wore astimated e a function of ime by
comparing the computad concanirations of thees
ruclideg in the gt and thir depoaied aeiviion
per unk releass rete wih the obsenationn. The
sz wery In good agresment with thosa
published by NISA, TEPCO and IREM.

Thas concantratlons af U-238 In
groundwetsr sn a funciion of distence from 8

hyposthetionl mire dus b lsaohing wers patimsisd
Laing & decay chain transportmodal.

Abagin 350 Environmental Radlatian
Monkors (ERMe) woere marnuischured, callbmebed
ard field teated and ercund 160 ERMa ware
installad under tha countrywide “Indian
Emvimnmantsl Radistion Monfioring  Nebwork
{(IEAMON]}". Thesa ERMa usas multipls datacion
and haves provisilons for redundant
communkations. As a pant of creating a danes
network of radision monitom In metmopoiian
olthes, 50 unisn of IERMON mysisres wers Inatallad
at police sixtions in Mumibbal. To heve redundancy
n avaBabily of IERMON data, geogmphicaly
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Photograph of IERMON syshem installed at alte

distributed IEAMON Deta Cenres st two
locations of the country wern eatablohed.

Erviranmental Radistion Moniar (ERM)
syeiam doveloped by BARGC was Integratad with
the Autamalio Weather System (AWS] deveioped
by 16RO, 1 have a ealtime radation monkaring
wyxinm along with metscroiogical paramsters. 10
auch hybrid ERM-AWS atations ware
manuischred snd instalistion of 5 unils wan
cxrnphsted undera BARC-ISRO, Mol

Aediviopical sofety sunmillance was
prowided for the Thorim Retriaval Lranium
Recovery and Restorags (THRUST) protect of
IREL &t Udyngamandal fr reconery of uranium
from therum concenirate and other mahoriak,
Aorarags anmsal deses (o worloers In these plants
wore 4.58 m&v at Udyogamandal, 0.42 mSv at
Chavam and 575 miv =t Manewalakurich,

reanactialy.

Avisrage dooe Lo thorlum plant workan gt
OBCOM wes 1.08 mBy and all SSposUre Wora
below 20 m3v. Environmemial survllance was
camiad ot arcund ol thorlum proceasing plants
and the concentration of all concerned
raionucides N emiranmenial sample wike

instalistion of BEAM-AWS syetsm

found o ba well within the respectiva Emits.
Pamonnal monitoring sandeaa to abaut BS D00
occupationsl mdation workere wers provided by
soodibed lsboratardes and NPCIL laloratades
Parsconnal monitoritg support was alea providad
v mdiciogioal smSIpENTY MESPONSE  CHTIME
{ERCa) In the country.

Temrds harmonizabion of pemannsl
monftoring sendces, an mtegmeted softwers
paied TLD Badge Manspemasnt (TLDEM) system
waa dovalopad st BARC. Tha saftware parforma
all the pocedures of personnasl monioring e
uauel desimuatric caladations, rapert generation
stc. The software siso snaiyzes and |dentifies tha
bacigee with sboomal giow mne, pafams
pattarn check and malnalm the control
bapipound dais, eiv. This scoftware sfter

rigerous flad taate s wspactad to b Incorporatad
in the sntirs PRS syetam Inthe country soon.

|'|'.i ‘
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Annunl Average individual Efective Doss o Occupationm] Warkers
of UCIL, NFC and IREL Piants In India
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U Mining mnd MESng Facitise of UCL

Integrated software— Glow curve chaeck window

An Online Radon Monloring Network
(ORMoN)} was sstablished at Underground
Uranium Mine, UCIL, Turamdih. The network
consists of 10 number of in-house developed
radon (*“An) monitors along with poliutant gas
sensorg, Installed at 10 salected locations In the
mine. Online data communication is being
carried out, from individual monitors to a control
room situated at the surface level, through a five
thousand meter long cable established Inslde the
mins.

//f’

The Processing Feclilies of IREL

An Induetrial PC, loaded with custom
designad softwars was placed In the control reom
for online data visuallzation and data logging into
an excel file. Parameters that were continuously
monitored Included ™Rn, CO,, CO, NO,, 80,
Temp and RH (3%).

In vitro experimenis were camied out to
establish the premature chromosoms
condansation (PCC) assay and reaponae cunvas
were evaluated to estimate the coefficlents for
dose calculations. Standard Operating
Procedurs (&0P) for the assay was developed
and validated for accidertal high-dose radiation
blodosimatry.

Shx Gamma Low sensors and four Gamma

High sensors were supplied as spares by BARC
to PRP Kalpaklam.

RESEARCH & DEVELOPMENT

Technology Devslopment (TD) activities
in NPCIL were focused on: setting up a Research
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Contalnment Spray Systam [C5S5) full header test

and Dovelopment facilities for camrying out
performence testing and verifficstion of new
designs of systems and components for nuclear
power plants, environmerdal gualification of
components and validation of safely study codes;
Indigenization of hitherto imported squipment,
components and materiels; devsioping /
deploying remote tools for Inspeciion, repalr and
refurblshment of reactor core components and
primary system equipment; developmant
fdeployment of latest available technology for
construction ime minimization of new projects.

The above acthities were almed at
achieving cortinual anhancement of nuclear and
radiation safety, reliable opseration and reduction
In operational coets of nucisar power plamts,
indigenization, construction time reduction and
development of new reactor systems.

Major achievemenis and ongoing
activitles during tha financial year-2012-13 wers:

Gualification/validation of design through
Containment spray systermn (CS3) full header test
for 700MWe PHWRHs was completed. Integrated
Test Fagility Tarapur {ITFT) was in advanced stage

: P -

- - Jj -' \. .
Successiully developed indigencus Electrical
Penetration Asgsemblles (EPAs) for 700MW Project

of eraction. Several tasts on 2% H2 Injection with
indigenous Passive Catalytic Recombiner Device
{PCRDs} developed by BARC were camied out in
Hydrogen Recombiner Test Fadlity (HRTF).
COrdears were placed for differant modules of 700
Mwe Fuelling Machine Test Facllity (FMTF).
Some of the FMTF equipment was delivered/ in
advanced stage of manufacturing. Significant
Emvironmental Qualification (EQ) tesis were
carmied out utlllzing the Loss of Coolant Accldent
(LOCA) chambaer facllity.

Several types of Modular Electrical
Pensiration Asseamblies (EPAR) with greater leak-
ightness wera successiully developed and wera
undergoing quallfication tests. Onder was placed
for development of steam generator forgings.
Indigenous vendor capability evaluagtion for
development of critical components of primary
coolant pumps (PCGPs) with adequate quallty
assurance was carred out and prima facle
feasiblity was established. Design of a-pich
platinum clad inconel Self Powersd Neutron
Detectors (SPNDs) were completed and their
fabrication reached advanced stage. Dseslgn of
cobalt ahsorber rods assembly completed and
proto-type manufacturing was Intiated at Nuclsar
Fuel Complex (NFC). Some fusl handling
componemnis like aluminium bronze bar, round
way bearing and control and Instrumentation
devices/equipmesnt wars under fabrication and at
various stages of development.

BARCIS {BARC Channsl Inspection
Sysitem) campaigne wers carrisd out in several
220 MWe reactors of the country. Steam
genorators {SQ) lancing were camled out by
remote tools which helped in achieving longer
trouble free life of SGs. TAPS-182 Reactor
Pressure Vesssl (APV) weld inspection was
successiully carrlad out by Uliresonic Testing.

Several initiatives to reduce the
construction time of on-gaing 700 MWe Projects
were conceptualized and developed. These
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Include, design of Praformed Ring Liner (PRL)
handling arrangament for 700 MWe PHWRs; auto
welding performance was svaluated towards e
adoption by piping cortractors in the projects;
saveral other approaches in this regard made
progress.

R&D relating to PHWR

BARC provided R&D support for ageing
menagement of exsting PHWRs. Some of the
developments for coolant channels carred out
Included Fuslling machine operated Remole
Inner Diameder Measuramerrt toal {FRIDM) which
measured inside diameter of the operating
pressure fubes of 220 MWe PHWRHs;, Wet
scraping tool|l (WEST-III) for 220 MWe PHWR;
Replica tools for 540 MWa and 220 MWe PHWRs
and sag measuremant tool for pressure tubes of
PHWRa.

As a part of cortainment safety studies of
PHWHs, experimental and analylical studies
concerning various aspects of hydrogen
management were carrled out. The Hydrogen
Recombiner Test Fagllity (HRTF) developed at
BARC was commissloned at Tarapur In
collaboration with NPCIL and expedmants for
performance evaluation of the device were
pursued. Three important parameters namety the
hydrogen concentration, inlet and outlet
temperatures of the recombiner along with the
maximum temperature developed In the catalyst
plate wera monhored.

A patent has bean awandad to BARC by
Canadian Imellectual Property Dffice (CIPD) and
Korean Intellectual Property Offica (KIPO) for the
innovative 'Emergency Leakage Amesting Device
for a Collared Ended Pipa'. The device was
deployed at all PHWR gites of NPCIL In the
country.

A vibratlon test was camrled out at R&D
Coentre Tarapur to study the possible fretting

Leakage Arresting Device developed by BARC

damage on feader pipes due to differential creep
in coolant chammels.

Asgesemem of progressive degradation
of fractura toughness of 2r-2.5Nb pressura tubs
material dus to reactor service was Implemented
through a structured presaure tube survelllance
programme for assurance of leak before break
criterion to ensure safe operation of PHWR'. The
pressure tube removed from a channel of KAPS-2
after around 8 years of operation was Investigated
for the degradation of fracture toughness and K
was found to be within expected values and thus
ensuring the safety of the reactor. The fracture
toughness was evaluatad by remote preparation
of test specimens and tests in hot cells wers
camied out.
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R&D relating to LWR

Tha longitudinal and circumferantial
walda of Reactor Preasure Veassl (RPV) of TAFS-
1 wers sxamined by ultrasonlic testing (UT) using
BARC developed Weld Inspection Manipulator
(WIM).

Structural Integrity assessmant of RAPY
was parformed for the obaerved flaws as well ag
for the postulated flaws In uninspected areas and
edstence of adequate factor of safety was
demonsirated. The inspection data from all the
soneors was logged and analysed for arriving at
the langth and depth of the Indlcatons and
characterizing them as volumetric or planar type
of defects. The probe holder developed for the
purpose is shown inthe figure.

Source term evaluaton of Fukushima
reactor Unit-1 has been carried out for 24 hours
simulating Inttial Isolation Condenser (ICicooling
for one hour, Reactor Pressure Vessal(RAPY)
imentory loas through steam relief valves, fuel
uncovery, fuel melting, RPY failure, relocation to
lower plenum, containment thermal hydraullc
bahaviour and molten corlum concrete
Interaction following the prolonged Station Black

Bail

Parking Seat

Wheel
Magnet

Detaching :
Cylinder _l Lk

Main Body

Cross Travel

Prohe Holder
Assembly

Contacting Rear ~ N <
Cylinder Tray ‘F“
Front Tray =

Weki Inspection Manipulator

Implementation of WIM in TAPS-1 RPY

Quts (SBO) condition. Event timings for vessel
failure and core meling are comparable with
predictions of Japaness safsty authority.

In response to Fukushima avent,
enveloping extended station blackout scenarlo
was analysed for TAPS-BWR simulating
emergency condsnesr, different core and
structural components, reactor coolant loop and
powar distributions. Pradictions for Important
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. Nosmal beam

Probe Holder Assambly

Semi Portable Whole Body Counter
parameters was made for about 4 days simulating

various severe accidemt phenomena like core
heat up, core uncovery, omaddation, material

irteraction, material relocation, molen pool
formation, hydrogen generation and fission
product releass.

Detalled calculatlons have besn
performed to obtaln the decay heat,
concentrations and radioactivity of important
actinides and fission products for Fulkushima-l
cors immediately at shutdown and also as a
function of the cooling period.

In post Fukushima scenario, sea water
was injected in the core to quench the heat.
Possibility of re-criticality in case of sea-water
injection was studied. Calculations were carried
out based on tha fresh core of TAPS dasign
assuming that shutdown system la not avallable.

Proton induced gamma emission (PIGE)
was used for the chemical quality control of
structure rods mads of Zr-1% Nb to ascertaln the
absence of boron. 4 MeV proton beam from
Folded Tandem lon Accelerator (FOTIA) was
used with beam currentof 50 nA.

A new test method for measurement of
KIH by load shedding technique coupled with
Direct Currant Potantlal Drop and Crack Opsning
Displacement to monitor crack growth with ime
has been standardised. K, for Zrcaloy clad for
PWR was determined and for PHWH cladding the
detarmination was under prograss.

Handling cum shielding assembly with "B
linad gamma compensated lonlzation chambers
was developed to monltor neutron flux In
Imarmediate power range of reactor operation.
Detectars are located inside the shisld tank in
identical S8 hanger assemblies. Each hanger
assambly consists of detector subassambly, leaf
gpring subassembly, shlelding plug-ll
subassembly, flexlble node subassembly,
shislding plug-l subassembly, top cover
subassembly, outer houging sub assembly and
heigit adjustment subassambly.
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Hanger Assembly

The hanger assambly has been qualifiled
for shock and vibratlon tests and exposure 1o
gteam at 10 kg/em® pressure and 180° C
temperature.

Four beta gaseous activity monltors
cangigting of detection unit, intermediate unit and
signal interface unit have been developed and
supplied for use in LWH. Semi portable whole
body counter for LWR has been developed for
quick measurement of radioacthvity within the
thyrold, lungs and body of the victims of
radiclogical accident.






CHAPTER -2
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Inslde view of PFBR reactor vesssl with lpaded Sub-assamblies



Top view of PFBER reactor vault with rotatable plugs In posiiion



HUCLEAR POWER PROGRAMME STAGE-II

FAST REACTORS

The second dtuge of the NUcksr povwar
generation programme B geamsd fowards setting
ug of fagd breeder reaciory. Theoe reaciors
producs mors fusl than what they consuma. Tha
OAE omparisslions thel ae Inohesd I the
Implomamation of the Fast Reactor Programme
ars the Indir Gendhl Carire for Atomic: Assearch
{GCAR), Bhartiva Nabhiidya Vidyut Migam Lid
{Bhavinl) and Bhabha Atomic Ressarch Cerra

{BARD).

IGCAR ln sogugsd In the dedgn and
development of lkguld sodium cooled fast breedar
maviors, with assooladed fusl oyole tschnologies.
Thia programme & supported by & Strong
research and development srxdeevour of KIGAR
In declplines such e meactar angireering,
chamisiny,. melalugy, maedal scsnce safely
rproceasng and narumentaiion.

BHAVINI, & puidn seolor company of
DAE, was Incorpomatad on 22 Octobar, 2003 ot
Chennal, Tamil Nedu, a5 a Spacial Puposs

Agancy, for Implemanting India'a first promitype
50x] MWe Faet Bresdar Reacior project.

BARC contricutes towsrds the research
and divelopment of fusls lor fasl reeoions,
tachnciogy Tor reproceaaing of fusia, waste
management and health and safely of the work
force.

PROTOTYPE FAST BREEDER
REACTOR

Protoiype Fast Breeder Reacior (PFBR) s
@ pool typa rescior uging mooed cadde of uranium
and plutonlum as fual and sodum as coolart

Nuchsar ksinnd Connactad Bulldings (NICE) of PFER

Canatruction and commisaloning of tha projactla
Impiemesntad by BHAVINI [Bhamtya Nabhikhya
Vidyut Migen Limiad), PFBR @ localsd 500m
south of the dsiing Madme Atomic Powsr
Stutian.

Thw Reacior Yault (FV) ks the ool ohdl
struchrs In PFBR which housea all the reactar
aseembly components. The amection of major

nucksr stoam aupply system equipmorts wWao
completed arvd the mactor roof was closad with

rocd glao. The ersclion of Large ard emall
romiabla plug on reof siab wes Ao compiatad.

The Insardon of egquipmeant Into raactor
oare from op of oot sieb was commenned. All
four noa. of decay heat wichangera, one hat pool
lowval detector housing and one cold pool level
duleeiry housing wes seacked in the roof dab

panairtions.

Erection of owtor shielding wih boron
carbide, dummy fusl as well as blankst
suhaseatmhles on the grid plats wes complatad.
Eraction of the primary ramp and primary titing
mechaniam that forma a part of Inclned fus
ransfer machine used for fusl tranafer, which
wirs ratahed at die after succomiul comgistion
of msting Ineodium from KGCAR wiss complated.
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The chMl structural worke of steam
generator building 1&2 was completed and all the
eigit steam generators were erocted. The
secondary sodium pump outer shell and shaft
WaE erected.

The entlre clvil structural works of
electrical building 142 was completed and ten
8.8kV switchgear boards ware charged and four
diesal generator seis wers commissioned.

The construction of fuel bulkding and
eraction of major fuel handling components was
compisied and pre-commissioning works are
undsr progress for the erected systems.

The balance of plart houses tha turbine
building, raw-water & fire-water pump housse, De-
Mineralization plant {DM plant), suxiliary boiler
plant, sifluent treatment plant and opsn resarvoir.

The chl constructlon work of turbine
building was compisted. Erection of turbine
equipments was nearing completion and erection
ot all awdliary equipments was also completad.
Melor equipments like ganerator stator & rotor,
Ive steam re-heater, steam water separator lower
& upper drum, high and low pressure turbines
modules elc. were erected. Condenser tube
ingertion and expansion of Auxiliary Boiler plant
was completed.

Raw water reservolr was commissionad
and filling of water in reservoir was completed.
Further raw water was transfemed from reservoir
to DM plant through pump houss and both the
gtreams of DM plant were commiesioned
succeasfully. Pre-commissloning works for other
awndllary service system was under praogress.

Main control room, back-up control room
and handiing control room panels were eractad In
control bullding.

The construction of 220KV indoor
switchyard {GIS) building was completed and
commissloned. Entire 13 bays of switchyard and
assoclated station transformar (ST), generator
transformer (GT) and SCADA supervisory
protection systern was fully commissioned
through MAPS tie line. Thres 230kV double circuit
line from BHAVINI swilchyard to arani, sirucheri
and Kanchespuram were aenerglzed. Four
4500kVA emargency dlesel generators ware
commissioned successhully.

Pre-commissioning of various
convantlonal system egulpments llke
compragsors and alr recelvers for compressed alr
generation system, air handling units and chillers
for air conditioning and ventilation systern was
under progress.

The project has achlevad an overall
physlcal progress of over 81%.

RESEARCH & DEVELOPMENT
FOR FASTREACTORS

Fast Breeder Test Reactor (FBTR)

The reactor was operated up to a
maximum powsr leval of 20.3 MW with the Turbo
Ganerator (TQ) synchronized to the grid
generating a maximum power of 3.5 MWe.
Duration of high power oparation of the reactor
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was about BBD hours and TG operation was 700
hours. The total thermal energy developed during
the period was 16843 Mwh

In the nineteenth Imadiation campalgn,
low powar physlecs expariments were camrled out
and powerwas ralsed to target power of 20.3 MWt
and the Turbo Generator (TG) was connacted to
grid. The campaign was complsted when the MK
Il fusl subassembly attained the target bumup of
100 GWd/t which was transfarred to periphary.

In-service inspection of critical weld joints
of one of the secondary sodium systems was
camied out and the loop was normalized. The
Industrial version ol Kalman reactivity meter,
developed by BARC for PFBR, waa tested. The
Switchover Loglc Circult (SOLC) In the Central
Dala Processing System was replaced and
functional testing was complsted.

Twentleth Iradiation campalgn was
commenced. The Industrial version of High
Tomperature Fission Counter (0.1 cps) bsing
developsd by BARC for in-core neufron fiux
measuremant in PFBR was tested at varlous
power levels up to a maxdmum powsr of 10MWE

Review of ‘Periodic Safety Review'
document was completed and periodic safsty
report was submitted to AERB for relicensing of
FBTR.

Post Irradiation Examination (PIE) was
camied out on PFBR MOX test fuel subassembly
irradiated in FETA to a bumup of 112 GWdA.

R&D reiating to PFBR

Inclinad Fuel Transfer Machine (IFTM) of
PFER exchanges core sub-assemblies between
reactor vessel and fuel building during fuel
handling operation In reector shutdown
condltion. IFTM was designed by BARC to meat
stringent requirements that are demanded by

Facillty for testing componentsat IGCAR

argon/sodium environment, high operating
temparature, seallng, shlelding, allgnment at fusi
handling temperature etc. Integrated |IFTM
assembly was manufachured, assembled and
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leak testing of assembly was successfully
compisted. The sequence of fuel handiing
operation was alzo successfully tested.

High Temperature Boron-10 Coated
Proportional Counters which can work upto
250°C, were developed at BARC for PFBR. An
eight channel ultrasonic imaging system for
under-sodium viewing of fusl sub-assemblies of
PFER was daveloped to view the fuel assemblies
af the Fast Breeder Reactor and check for
defacts.

Absorber Rod Drive Mechanisms and the
portions of inclined fuel transfer machine (IFTM)
were tested and gqualified In alr & sodium.
Performance tests on Tranafer Arm and
Imegrated testing of IFTM In alr were completed.
Testing of the secondary sodium pump was
complsted, while that for the primary sodium
pump, the same was continued. Seismic
quelification tests on varlous componenis and
ayatermns were completed.

Sodlum plping, KGCAR

Many advanced thermal hydraulics and
struciural mechanics analyses were compisted
towards the Issues thet have arlsen post
Fukushima. Commissioning sequence and
procedurs were finalized and commissioning of
the system was commenced.

Erection of Turbine IP rotor

The Irradiation performance of D9
cladding and wrappar of PFBR MOX test
assembly irradiated in FETR was assossed
through swelling and mechanical property
measurements carrisd outinthe hot calls.

Post Fukushima analysls activities
Included assassment of safety margins of reactor
components and safety of civil structures under
saver aarthquakes beyond limits, flood levels
highsr than 2004 Teunami levels including issues
of ficoding of power Island, sequential leakage of
main and sefety vessels, simultaneous double
ended gullletine rupture of two primary pipes,
multiple failure of Safely Grade Decay Heat
Removal heat exchangers (SGDHRs), hydrogen
generation nesd for hydrogen recombiners.

Thermal analysis of spent fuel storage bay
under a prolonged statlon blackout condiion was
carried out for two different decay power load
conditions ofthe water storage pool.

Mutual Inductance basad level probes for
gontinuous measurement of sodium level at
discrete locatlons, manufacturad by Indlan
Industries were calibrated at different
temperatures ranging from 453 to 823K, before
deployment In the reactor, About 58 probes were
callbrated and delivered to BHAVINI for
Installaion towards monltoring the level of
sodiumin the reector vessel of PFBR.
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ARD for Fubere FERS

Al IGCAR, an Integraied top ehiskd test
faclilty was suopessfully constructed &
commissionad o valldats the thermal design of
the o shiakd. Experimental shudies wena camisd
oLl with the facEty simulating norma operation of
the reactor os well az sl handing cond®on,

High tamp deteolom for ndil

High banm debaciors for usa aiar
Top ublekd tot Facity, IGGAR

T realtza tha Ul potermial of Indiganous
nuclear resoutes thmugh FBRs, Depariment
has plans ta bulld ane twin Lnk sach of 560 WWea
capacity mtde fuelad fast broeder reaciomn
(CFER) in the vicinity of PFBA st of Kolpcdoam
arvd also to inireduce meialic FOA ot ths sarfest.
RAD authitey on huel deablopmént Inshsding
fhrication and imdiation aspects were camed
oid on priodity: IGCAA Is planning to consinet a
120 Mo Metalle Fual Test Reactor (MFTH) o
PRER Cortinuoun Lewel Probe with pociot Kalpakikam to get complete powsr plant

: axporianca Inciuding asaoc!ated closed fud oychs
(pyro-proceasaing) and manufacturing
techinplogbee.

The design mofowtions inimdunsd in
the reactor assombly of CFER wers confimmad
with respact to thermal ydreulles design aspects
through mult-dimenslonal thamal  nedraudic
shudien.

Baffls platsa configuration was

Inoorpanided kuside the spheriosl haader of the
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primary sodlum pump to reduce the prassure
loss significantly. Higher safety marging in
meating the design safety limits for the core
safety, with four primary pipes psr pump
compared to two plpes per pump were

Thermmal hydraulics design confirmation of CFBR

>

Large diameter besring for top ahield

Thick plats welding for rotaiable plug

R&D on manufacturing development
technology was essentially called for certain key
components that govern the economy, for wihich
major conceptual changes wera Incorporated
and many major and medium Indlan Industries

a — -
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Inner vessal with single torns

wars Involved with a focus on total Indigantzation.
This exarclse provided many Important
feadbacks for the commercial deployment of
CFBR in nearfuture.

Eddy Current Posiion Ssnsor (ECPS)
based technigue was adopted to detect the
posiiion of DSR In the dashpot and measurement
of free fall time of DSR after the de-energisation of
the holding alectromagnet and it was imegrated
with DSRDM for testing in air / water.

Thermal Hydraullcs, Componenmt Testing
and Validation

Laboratory scale studles on plutonium
bearing alloys and engineering scale studies on
alloys of natural uranium upio 1 kg psr baich
scale were carried out. Facilities were planned to
sat up for scaled up studies on alloys of natural
uranium at 10 kg per batch scale In the next few

years so that experience can be generated for
designing a pyroprocese plamt for the Metal
Fuelled Test Reactor (MFTR). As a first step, an
Amblent Temperature Electro Refiner (ATER) was
commigsioned to carry out validation of
mechanical engineering design, automation and
remote handling.

Steam Genarator Test Facllity

Plugged tube experiment was caried out
inthe SG of Steam Genearator Test Facility (SGTF)
by plugging a heafthy tube. Experimemnt was
repeated for four tubes which are at different
orientatione at the nominal power of 5.5 MWL,

The material of construction of PFBR SG
was modified to 8Cr-1Mo and the same material
was used for the model of SG in SGTF too,
Experimenis were camied out in SGTF to estimate
hydrogen flux through 8Gtuba walls,

Experiments ware carriad out to study the
tube damage (impingement wastage as well as
solf wastage) phenomenon 1o understand the
wastage resistance of 9Cr 1Mo tube materlals, In
Sodlum Water Reaction Test Facllity. Two
axpariments were carrled out In IGCAR In
collaboration with CEA France under a bllateral
agreament and the results are baing analysed.



Impingamant wasiags during sieam
ﬂlﬂl‘ﬂ:_l_'lﬂbﬂ dsmags TiLcieg

- h_
lukes darnogs sudion

Control systems & seneors

Bok-Cora Procesasor basad aingle board
Dein Acouisition end Comirol systers caled
Ramote Terminal Unks (RTL) wane devalaped far
acquiring analog/digltel slignals,
sendngimeceiving dightred data packets ovar
Ethamat using TORP pmiocol and genamnting
contral outpus (digitelanalen) during all atates of
plant oparation for rsading the surface
thermacolphe & leak detectors maunted on
podium |inesand cortrod heshens In FBRe.

A fauk tolemant FLC for safsty ralxisd
appicatiane in fust eecher fusl feprocaesrg
plant, uaing Commercial Off The Shelf {COTE)
Schnelder PLG, with redundent GPL,
Input/Qiriput, Ethameat Communication & Powar
apphy midubeg, wiss implemented with -houes
developad Bwitch OverLoglc Bymam (BOLE).

E J-l'fl.-':'_l':-l =
8 'l"". _'.'.!.:.-i.:".i.

Archilechrs of Faull Telesrd PLC with CPU
& VO mecundency and SOL3

Simulmnsous calbration of thermael
hydrogan asneor systama for Argon Cover gas
wag vl oud In the Sodlum Wetsr Raactiom
Tost fecdily oy simulaiirsg low power operation of
rsaoion

Tha fabrlgatlon and testing of
electrochemical hydrogen metera (ECHM) for tha
aniing demination of yoirogen in liguid sodum
In PFBR was In progreas. Ono such ayetom was
sant o Cadarmche, France, for k2 azsembly Ina
sodium ioop faciky for teating and comparing the
parkymencs with convertionsl difiusion type
maiors, &8 part of an KRCAR-CEA collehorative

PO T,
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Gystom with an onling plot
during cornuctivily massuramen of mample

dgaedan ER ST = ] el —

The design evahstion & peiformancs of
Ll CaBeathon Trany (LOT) (3 passive sodum fire
mupprassion devca to mitigate sodum fra) was
done In Sockim Are Exparimentsl Facily, Furthar
Irpravernam and optimzation of LCT deslgn wes
plarmad.

A farciiy 1o simulnts socium fine scanario
o top shied pletferm

An integraled wocerimentsl focility wao
commiasionad o Investigats the poealbla
sosnarkes of sodum Sreand ol by aslbie fire
on the fop shield pletform, consaquant © cora
disniptive mocldent and aleo o msess the
structural imtagrity of Safaty Grade Decay Heat
Fismoval (BGDHA) plping passing through
patiam.

A b of tils wem parfirmed with

Wooda metal in weter, simulmting hydrodynamic
and themal charatteristion of molian  UD2
tvands cormimming the avalabilty of natral
comvection path for the post eccidert heat

= :
Grig Plata malt through tesin

Tha imporam data collaction for the
valgstion of coda thmugh dighial imeging and
procoasing with high spead photography waa
under development.

Non-Contact Ultramonic Inapaction

Shitam dewloped by BARC for Hadlth Check of
Aadloactlvely Contaminated Ultresonic-
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Transducers of Under Sodhum Uliresonlo
Scanner {(USUSE) of FFBR waa used bafora
ey ‘under-sodium” viewing campsign In
PFBA, 1o st proper funcitening of the ulirasonic
ransducen of the undsr-eod urn viewing system.

s )

Lirntery Secliuam Urosonis Scarmer

High tampamture Ulrasonic ransducern
far Under Sodium Ukrasonic Soanner (WSUSS) of
PFBA wora devalaped. Blght Dowrwand Viewing
Trarreducem and four Side Viewing Tensducers
wars cualkifind foruoe in PFEA LGS,

Aesacior Phywics and Shisdding

Atomt capeule comaining Famoboron was
fabrowtsd and introduosd In FBTH pors o
aimulata nautron flusnce seen by tha Famoboron
over i llistime In CFREAR

BodBolayive Subiy

An Indgenouas D-0 Neutron Genensior
conalaling of an lon sour, an eccelamding
column, & DC High Voliege untt and B frozan D20

shitlonary rgsl wmembly wis devaloped for
nautren shialding related shudics.

DD Heutror Genorador

Gans Expression Anshra b was oaried oul
for esimating individual absorbed dosaa In cass
of eccikionisl scenmios. A mumerical modeling
shudy for aamining the amaepheric daparsdon
paitsm from 2l the faciiien at Kapakam wers
oarded oul. A GFD oode wag ueed for dutalled
modoling.

Ermdronmemntal Safety

Effective and unimtermupted mdological
aunalilance for mamal and spacial oparmtiong
ware provided to Radiochemistry laborstory, Fast
Bresder Teat Resactor, Pogt Irradlatlon
Examination feciity, CORAL and KAMINL

Provessing of 1600 badges per manth for TLD
parschnal monttoring eervices for B facies and

the whole boay courting and blosassay programs
coverng oh an svange about 1000 radation
woriarn and over 200 occupational worksmns wers
pomplsted. Counting faclitles and tellbratisn
facliities woere also oxtended ta varous
insittutions Immived In BANS projects and
Industries In southemn reglan. Radlation
mwarensss fralning programs on A periodc basls
for th wiafl, gereral publc and shudents ware
a0 conducta.

Sthxiles on materials for FBHs

During the yaar foflowing shudies ware
ponducivd on vitdous aspecls of maiarins for fest
bresdarreactors:
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Terrellp ardd oreep propetiss of modified
P10 sael olpd Wwbe for melo
foal b fast reastoe

Long-term creesp Ife prediction of
modified 8Cr- 1Mo 1 wioel

Establishment af reslsting atrasa
approach for conetitutive anakmio In hot
woildng ofmodifad BCr-1Mo mtaal

Raichating bahsvour of 3TALN stainisss
sinal In e dyrnlo straln aging nbglime

Indigenous devslopmamt of thearmo-
machanical mdal torelon testing machine

Daalgn, d and testing of high

tamparaturé In-aodium pin-on-diss
tricometor

arthasing 'J-I'EH"' =
wlcll gy pracageas far thalr wvalustion undar
fhomdng sodasm
Comroalon shucises inabimemlic bop

Daved spimant of Alley D8 o Ay DS wadd
jeina

TR
e

|

e
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FBR - Front End Fuel Cycle

Durng the yaar, mkad carbide fusl pina
for FETH st Had paldain wers aup plied by BARC ae
par rgdpirgmeet Raguler dspeich of (Pu) O,
mbed oxids (MO0 fuel pina for the SO0 MWe
Proiotyps Fast Bresdar Rsasior (PFBR) of
BHAVINI wan commenced and the trgot 1o
supply 50 % of the requimment of fuel pins for
achisving critcallty s axpeacted 1 bo mat ahorthy.
To snhance the producion, second Ine with
autormatian for mandecudng of the MOX fusl
was made opemtional. The thind line with Pu for
Ty atican oof MACOL fuml for PFBA & sapaabed to ba
activatod shorty.

W 4
Gacnnd glove boxt Bne fior mamafecire of MOBC s

For the devslopmeant of matallc fus for
fant reacior applications, U-8.33 wi% Zr was

produced in kg scale for prapantion of U-19 %
Pu-0 % £r alloy fusl slugn. Thess slugs will ba
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ulilized for fabrication of sodium bonded metallic
fuelfor irradiation trials in FBTR.

As g part of fusl development program,
metalllc fuela and blanket materlal of
compositions U-15 wt.% Pu and U8 wt% Zr
respoctively ware prepared. Xray diffrachon,
microstructure, phase siability, co-efficient of
thermal expanslon, hot hardness and fuekclad
(T91 stesl) chemical compatiblilty were studiad.
Tha temperature for eutectic formation between
U-15 wt% Pu fusd and T91 was established as
848 K and the input was provided to the

deslgners.

CERMET fuel development program
continued with fabrication and characterization of
cermeis of different compositions viz. uranium
containing 15, 20, 25 and 30 wi% U0,
Compatibility of tha CERMET fuel with T$1 steel
cladding with and without Zr liner was
established.

Ten enrched U-6 wt% Zr alloy slugs,
mesting required specifications, were produced
and supplied to IGCAR, Kalpakkam for fabrication
of test fuel pins for iradiation trials in Fast Breeder
Test Reactor (FBTR). Eddy current tasts (ET) ware
used to confirm that the sluges were free of
defects. Natural U-8wi%Zr alloy slugs were
produced and supplied to IGCAR, Kalpakkam for
standardization of pin fabrication, sodium
bonding, pin characterlzatlon and pyro-

procesaing studies.

A calorimetric study of the high
temperalure phase squilibria of iron-uranium
binary system Important for understanding the
interaction betwean the stesl clad materlals and

Famro boron capsule used for irradiation

the metallic fusl was camied out with supporting
meallographic investigation.

To determina the In-reactor parformance
of ferro-boron, an [rradiation capsule was
designed and fabricated and is being tested in
FBTR

Siudies on the solgel vibroccompaction
method of fuel fabrication were In progress and
two test fuel pins, to be Iradlated In FBTR ware
fabricated at BARC for the first time, using the fusi
materials in the form of micro spheres produced
through sokgel routs.

Studles on coolant Included
thermochemistry of fission product systems and
Radwasta immobilization matrices.

Electrodaposition of boron from molan
gait bath was studled. Boron equilibrium
potentials were also measured from the open
circuit potentials of the electrodeposited boronon
platinum electrods intha salt bath.

FBR- Back End Fuel Cycle

The development studies on
pyrochemical reprocessing for spent metallic
fusls from FBRs are in progress. Sodium bonded
metal fusl pins wera chopped In tha englnaering
acale facllity for pyro process studles and electro
refining was carried out.

A |aboratornyscale set-up incorporated
inside an argon atmosphere glove box was
commigsioned. A V-shaped mixing set up was
fabricated and used for equlllbration of mohen
salt,

Separatlon of minor actinldes from
lanthanides was carried out for the first time using
a 18-stage mixer settler In a hot cell and the
product soluion from a Carbamoyl Methy



Phosphine Oxida {CMPO) run with High Leval
Waste (HLW) solution from reprocessing of FBTR
fuel as the feed. Diglycolamic acid was used for
the extraction of minor actinides into the organic
phase and Disthylene Triamine Peracstic Acid
(DTPA) for stripping them back to aqueous
phase. The flow sheet optimizetion was done
using a 20 stage mixer- sstiierin a glove box using
europium and americium tracars.

The recovery of plutonium from varlous
polymeric metrices such as neoprens, polyvinyl
chioride (PVC) and surglcal gloves was
demongirated using supercritical carbon dioxide
(Sc-C0) modified with n-octylphenyl N,N-
dilsobutyl Carbamoyl Methwl Phosphine Oxlde
(CMPO) in methanol. The plutonium recovery
was found to be 87-88 % from the actual waste i.e.
PVC waste comaining plutonium. Super—critical
Fluid Exiraction technique developad offered &
potential method for the recovery of actinldes with
generation of minimum secondary waste.

Separation of UV} and PullV) from a
simulsted mbdure containing Am(iill} and trivalent
lanthanide fisslon products was successiully
camed cut with ejector mber-settier.

A novel approach towards detection of
third phase during reprocessing of fast breeder
reactor fuel was developed. Commoslon behaviour
of carbon allctropes exposged to molten lithium
chioride — potassiurn chioride salt were studied.

PC Interface

Tiparhdn head wiil
MO Camais K LD
Lighting

Moci-up dissolver vessal mountad with three-ads
acHEnnar

Mock up digsoiver Image acquired during trials

Ceramic coatings on crucibles and samples for
pyro-chamical reprocessing applications were
found to be highly coroslon resistant. A remode 3-
wds scanner was developed for in-service
inspection of DFRAP dissolver vessel. Mock-up
trials and valldation of the device for underwater
visual examination wars conducted succassfully
In atest vessel made of 304L stalnleas steel.

The reprocessing of spent fuel of FBTR
miked carbide fuel In the CORAL pliot plant faciitty
was carfed out successfully The recoverad
plutonlum was re-fabricated Into fuael
subassembly and put back in FBTH this provided
valuable inputs for the design and operation of
future plants of fast reactor fuel reprocessing.
Several ofthe fesd backs wera Incorporatad Inthe
Demongtration Fast Reactor Fusl Reprocassing
Plant, designed for closing the fual cycle of FBTR
and for demonstrating the reprocessing of PFBR
spemt fusl assemblies, which is in advanced stage
of construction.

* Aview of plping and process vessels Inside
the hot call In DFRP
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A modified electrolytic dissolver with
saliemt features such as improved agiiation
arangement of hull to reduce Pu loss and
provision of saparate dissolver and electrolyser
unite, was designed for the dissolution of Pu-rich
mixed carbide or oxide fuel of FBTR at DFRP.

High temp datectors for use after
long shutdown

R&Dior Reprocessaing

In order to reduce the number of solvent
extraction cycles for FBR fusls containing high
plutonium, formulation & validation of extraction
flowshast was carrled out Computer code was
developed to Incorporate the prediction of
extraction equilibria of all the forms of
troublesome nuclides. A flowsheets were

designed one with a single cycle extraction,
followed by partitioning of uranium and plutcnium

A 20 Stage Alrpuised mini mixer-sstiier fo carmying
out simulated fiowshest nuns In a glove box

Carririfugal extractor bank in glovs box for
solvent extraction lowsheet siudies
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arganic phase for the target recovery of
plutonium and another for complete separation of
uranium and plutonium with the required
decontamination.

The flowshest was analysed by the
computer code and validated by simulated runs
with an airpulsed mixer setiler and the same
fliowshseet were tested in centrifugal extractor to
shsdy the Impact of low resldence imes In the
exiractors.

A fiber optic aided spectrophotometric
(FOS) technique was developed for the
determination of ruthenium (I} in nitric acid
medlum. Effect of niiric acld concentrations was
alsoInvestigatad.

Fast Reactor Fusi Cycle Facility

Detailed design of the Fast Reactor Fusel
Cycle Fadility to close the fuel cycle of PFBR was
completed. Clesrance from the project design
safety commities was receivad for launch of the
project.

Inspection Technologles

Innovative developments achieved in the fisld
of Ingpection technologies were as follows:

» Development of daia fusion methodplogy
for enhanced detection of defacis In alloy
DB cladding tubes

. Study of crack growth bshaviour in
concrete using acoustic emission
technique

. Innovative Application of Uitrasonic Tims
of Flight Diffraction Technique for
Accurate Determination of Cracks inside
Metallic Rods

"~ Axial of the rod with crack showing
extend of the crack along the length of the rod

3D view of the crack proflle In the rod
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NUCLEAR POWER PROGRAMME
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C-5 compesia proiotype hibes for CHTR



Mashining Setup for CHTA Fuel Tubes



NUCLEAR POWER PROGRAMME STAGE-IIE

THORIUM BASED REACTORS

The indlan Nuclear Power Programme
Stege-3 aims at using thorlum as fuel for power
pandraiion on & commerdial soak. In th tharkum
fual sycla, thorlum-232 le tramemuied Inta the
flaslle lsolops urenium-233 which s & nuciear
T, An p part of this programme, BARG has basn
daveloping & 300 MWe Advancad Heavy Wister
Reactor (AHWR). Fusisd by thorlum and uming
ight waler a3 ooolani and heavy waler 22
moderatar, thia meactor will have savaral
advanced passhe safely fsathires.

ADWANCED HEAVY WATER
REACTOR

AHAWR Thermedralc Test Fecdiy
(ATTF], Tarapir In & twin channal acaled
imtegrated st facilty simuleting AHWR themal-
Fryirea B, Spadlionly K s lates e Main Heat
Tranaport (WMHT) aywtam, etearm and foad oyatam,
Emeigency Come Coaling Systermn (ECCH) snd

Armae Gy

et Euchding
{mEporate}

ATTF Tarapur

S olumel comporanis Tor AHWH fusl szasmbly

asgocluted cortrale. The main bullkdng of teclity
and annax buliding houaing the control systama
and power supplies were readied for soquipment
ingtallgtion. All ATTF wwosale and heat
axchangorn wore natelled at aite and plping

prefabricationwas In progrese.

The atruchural compoenanta for AHVWR fusl
asssmiHy wera menufachured for camying outthe
fullecaly opwrimentlhending el o be
carmied out @ Fueling Machine Test Faclity,
Tarspuwr. Manulactudng of componenin for tha
Shisk-A ard hsloely grooved Shiskd-B for

AHWR fued sasomichy wos complatad.

Fusl Rod Cluster Simulrdor (FROCS] was
uaad for the imnetigation of the themsl hydrsulc
behavicur of reacior fuel elamems under nommal
and accideninl condifions. Nuclsar haat
germaiion wit srnlaied by slechicel heating n
FRCS, which waa uead far out-of-plla
axperiments. Cevesiopment of an Indirect
raglatanos heating type FROS was slso
Corpdatad.



A nowvel bucking pin typs passivwe valve
wid dewsalapad and damanatrated for Emargancy

Cora Cooling Bystern (ECCE) of AHWR. Uinder
namal condtion, the valve k& clossd with the

bueiding pin holding a platon / plugin placs.

Based on designs, operational
consderaborm, siabiily agpech and sefely
anaiyecs for differam Postulated intiating Evers
(PIEs) various rip and setback parameters wers
finpllsd for AHWR Asgliabilty of primary,
gltiemate and bacaip trip paramstera for differam
Postulatad Iniiated Eventn (PIEs) In all
ocategories, avolding spurous idp and
ovarlapping of setinge of the reactor trip
parsmsters for shut dovwn systams 182 (BDE-14
7 and Passha Polson Injection sy=stem (FP1S),

onfne tecing of acfety syetama and o group
phlosophy wara wmken Imo considormtion. A

mumber of fip coverage analyses werm done o
arive &t difforent trip parsmasters. Pradiction for
an ammioping ascenaric of atation hiackout with
falue of wirsd shutdown =ystam for deciding

PIPS petiing waa ghasn.

A protohype Ausding Machine [Fid) v
deslrsd and eoriasted to valldads ity dedgn. To
anabia XY poalioning durng tho taoting of FM at
integrated Test Faciity, Tarapur (ITFT} and to take

Toet Gartiags Assemisly in [TFT Bullding

100

care of load and stablity of entire FM assembiy a
Fusling Maching Test Camlage Assernbly wes
dealgnad. Teat camiage was manuinchired,
Insialied, Ioad eted and commissioned In A
Tedd Facdiity.

Sovoral squibdum com clusters wem
shuciied for the on-power reipaling of AHWR-LEL
cana. Differant refusling atrateghes wers triod to
bring the maxdmum channael power closs o the
cieslgn Imit such that the reactor oould be
operated & the rated povser. Soveral refusliing
sirmtegies lies singls channel, minl batch, mind
batch refusling scheme mibmd with reshufiing
i, Wi L.

The In-houss 3-0 space-tme neutron ios
code ARCH {Analyale of Raactor tranclems in
Cyindrical & Hexagonal Geaomatrioa) was
coupled with thermal ydmudics cods RELAPS
(Feacir Excungion and Leak Analyaia Prognam 5}
© mimuists the reactor tenalants with tha
foecback eflect at sach fesdback ime step.

Coolart danalty and fusl temparaiina
featbaciawer imroduced Into the coupled code
and K waes tiested. Rod withoreoaal soensries and
Loaa of Heguiatan Accklent {LORA) wara
simulzied with couplad neutronics and themmal
hndmudios code ARCH-RELAPS 2z part of the
oot g and val datian.

Dotalled weerimental end numedcal




bahaviaurin Greviy Diven Water Poal {GDWP) of
AHWR and for ewiustion of hydrodynamic
offeats. A selup was fbrlogled for the
axparimental Investkpetinn and teatad on shalko
fabls. Prossurs traneducer worn insialled on the
tenle i caplure presauns vaiatiare and the reaulio
wors vl kdmted with numericsl iInveatigation.

Critical Facilty for AHWH and &40 Mde
FHAA wae opersied for varows experimenis
Expiri bt for satimation of Wesieolt nautron
apacirum paramedans by Imadisting bam and
cadmium ooated copper and utetium folls and
astimation of the effectha "shiskiing factor” for
thevisk (bates} of delxyed photo-peutron groups
for refanercs Core el angim bly by pherdo neutron
decay wore camied out An imegral experimont
vas oaried out by cbearving orfticel heigit with
one (Th-LEL) mbed pin cluser oaded In the

.':_'.-‘i ’}'."'_._*"'-_Tﬂ .
o

cantra and fve othar core locations. Use of
Critical Facilly was continued for testing of
nupasr diisoiors and Imadistions of g e volume
sampias for Mautron Activation Analyals

Fusd febrication procses ficw ahoot for
AHWRS0O LEL) wan estsbished using netural
UCL in laboratory (kg) soaie. Evaiuation of the sl
In torme of the therma-pinyeicel proportcs was
camiad out. The work wes axdsnded to Inciude
simulaiad high b rodoeer fuel (S8 fusd)
simulsting dfferant bum-ups. York was In
progress far m-oyoling and reoovery of proosss
rejacin Lsing both dry and wel routaa. Concapiual
plarmt design, In line with the reguistory
b LT wail SO phisiad and the liyowt of the
plamt vwas optimirad.

Paat Imadiation Bxamination (FE of fusl
pine from an sxparimental fusl cluster BC-8,
congisng of beubs full ping of PHWH deign
with fuel pellata of different chemical
oomposiion, Imadisted to & nominal bum up of
10,000 MWt (heavy matel] wes carled aut
Microsiructures of Thorle-Fiuionla mixed oxdde
(MCES fual ooniinmmd the low Taion ges releads
obesived In the fusl pin during fission gas

Thorium Fusi Cycle

Shudies on e vallkdetion of process fiow-

shest far AHWH spant fusl reprocaming Lsing
simulsted feed solution of known bum up M3



GWalfs, 5 year cooled) was compivted. A sohent
miraction based foveshast o recover Pu, Am

and Ag wes developed using TEF and TEHDGA
frr these dissolved sffiuents themby completing
the antire pracess fowshest

Uranium Thorlum Seoparation Faclity
{LUTSF) vk operaied for recowmry of therum from
thorex procesas mfinate penerated curing
reproceseing of imad sted thorda rods,

Four pkecae of pratotypa Jued wba mada of
high-denasity carbon-carbon compoake weas
praparsd In osollaboration with National Piysiosl
Laboratory (WNPL), New DadhL

The nisrdece in all the sximotors and
atfippors wore detected and muirtelned s
required. Ferlodic samples wera collactad ana
analyzed by IKCP-AES. Owemi resulis Indicabed
spanaticon sfficiency of more than §R.BAN for
Lranium and rare sartha,

Fusl compaots cortaining 25 valums %
TRIED coated Zr0,, an aumogate fusl komols,
blendead with graphits powder wers fabricaded by
wil and oy rovieg veing povsisr metallurgloal
technkjues. The distrihution of coated patickes In
tha grephibes metrbc wes shud ad By rad lograpiy.

CHTR fus compacn wih 25 voil TRISO couted 210,
surrogsEls kamed

Xy rediograph of compact showing

the dietribudon of ieomeds In e marbc

Paramatara wars optimbmd for meldng
CHTR dummy fusl palats up o 47 % pacidng
density. A scheme for sulomeation of largs scales
produdion of pellais was dec made.

Some of tha componamia Bke fusl fube,
reflacior blooks, modergior blools and upper
planum for CHTH wara succeshdly machined.
Jiges and tocds for mechining and Inspaction of
these oompongrie wera slse designesd and
fabricatad.
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Too| for hasagonal prod
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I onder o mepdmize the yisld and
minimize rejectons for production of uanium
castings for special applcations, & camtrfugal
casting machines hes beon dealgnad, febdcated
and Invimled Conbifugnl cesling trisle for
producing twa hamiaephericd casting with capper
worn camied out in order to optimize process

paramsbis. The necesasry modilcations for use
InvacLLIm an baing carmrsd out

Qther Reactor Syatems

For the Compact Hgh Temperature
Raacior (CHTR) criical facilly. abtemative design
of the S08-2 syelam, bassd on liquid polson
injsction waa woreed out  Reacior pihnaica
arvabrsds and linpoul rebabed ghudles wars ourded
oL
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Computational Fluid Dynamics (CFD)
based thermal hydraulic analysis of the reactor
and detailed thermal analysis of the core of the
reactor under normal and postulated accident
conditions were carried out. Alternative SDS-2
system based on liquid Indium and spherical B4C
absorber particles were analyzed for the CHTR
core. Reactivity worth of twelve reflector holes
filled with liquid Indium as secondary shutdown
system was found to be adequate to shutdown
the reactor in case of most reactive core
condition.

Detailed project report for construction of
a 30 MW High Flux Research Reactor (HFRR) and
a new thermal research reactor of 125 MW at new
BARC campus Vizag were prepared.

Accelerator Driven Sub Critical systems

Experimental and analytical studies were
carried out on pressurized piping system
pressurized with water up to designed pressure.
The pressurized piping system was subjected to
a series of seismic waves. Extensive tests were
carried out on the wires and device made of
Shape Memory Alloys (SMAs) at various
frequencies and amplitudes to understand
pseudo-elastic effect and energy dissipation.

Test Set of Piping System
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Strain accumulation at mid anchor

Extensive tests were carried out on the
wires and device made of Shape Memory Alloys
(SMAs) at various frequencies and amplitudes to
understand pseudo-elastic effect and energy
dissipation. The results were validated using a
thermo-mechanical model of SMA taking into
account the residual martensite accumulation
and reduced apparent modulus of elasticity of the
austenite while unloading.

Model of steel frame connected with dampers

Effect of SMA damper was also
demonstrated considering the case of steel
structure subjected to earthquake loads.

Materials

Hexagonal shaped beryllium blocks were
fabricated for BHAVINI for neutron source
applications. The beryllium blocks were
consolidated through vacuum hot pressing
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followsd by machining to achievs tha apeciiied
dimenelon. To maks ona miacik, 158 kg of
Borylum powdsr wis used. About 235 ky of
beryiium metal pabble wans producad and stock
pladd # b used 1o produoe remaining tan ataoko
for poataccaptance of the it stack.

Abourt 171 stuclke fram 7255 palamn
{C5R), slong with an ackifional baich of 500
palats, wors praparad, quslied and supplisd to
BHAVINI, Kalpakiam.

Soparstion of high purdty erblum from s
conperirade ponteining 4% Erfl, was owried oud
in twea cycla procesa.  Pure yitrium of mone than
95.5 % was obizined In the efinste phaze while
erbium wao upgradaed ta 15 % In the alrip lquor
The sirip soluion wae [urther procesesd 1o
upgyrede ardium corrant to rmcre than B0 %

Rard sarth-trunadtlon melal based alloy
powderns, such aa &m,Co,,, Smlo, and Nd,Fe,B
have been prepamd by meducion-difusion
mathod. BmCo., praduction wes scaled upand 1
kp of purifed Sm,Co,, was supplisdita  DMRL for
waluation of magnaetic propetics. Bealdaa thia
La, Ca, Pr meimls and La-Mg and Nd-Fo aloym
wirs &ynibegbmd by hmsd sl slecirolyls

In cominuation of the developmental
aciivity of TRISU-comted fusl further work was
carfad out with urenium odde mMaterial. The
mdeting costing unit wae re-enginearsd fo
achiovs apouling & unnium eode kemels and
commissionad in sccordanca with the guidalines
of tha safsty commithes. Tris wpedments on VO,
kemel wos camied out Bdsting comifugal
fuikdization facilty wes modfied t© schisve
carban ovalcost on surMopais almine particlaes
to dewvsiop 1 carbon cvercost on the TRIBD fusl
part chis 00 00 o ansuns thet TRISO lavera wors

nat dernaged during compastion of fusl particies.

Evarylllurn B ook for BHAVING eactor

Carbon-Carbon  composiie tubse were
dewslopad following & fbwication routs molving
muitiple cyclss o resin Impragrstion and
graphittzdion for posdbls uts In Compest High
Tomporsture Roactor This davelopment work
was o ool lairorathm sifort with NFL (sl and the
developed wbes wara aubkcied to detaled
charmactertzation.

Two diferemt fschniguas naomely cold

solution spesry and chembbel vagowr depoaliion
wore doveloped to coat alicon carblde on
graphite. In ookd =olution spmy depoalion
tachnikgue sllcan povwwdor waa muspendad in
gthanol and the solution was spraysd on
graphita. In chamical vepor depostion techniqua,
Hexamstityicisliane (HMDS) wea used and good
cauiitirng of S0 wi found to form on graphils.

Cocdlgtion realxthes properties of the
uncoated, dornse BIC and nenoEuciuned BIC
ooated carbon fbers wome samined, Chamical
vapar daposition procsss waa used for the
piupamtion of dense and nencatruchurad silcon
carblde (30 ccalg on carbon Tbar Using
mathyliirichlorosiians (MT5). Coddation bahesdiour
of tha soulsd apecimen was oorchiated Laing
thesmo gravimeatrcaqulpmant.

Hydrogen Enengy

A technkjue has bhean developed for
fabfication of NFYSZ carmet supporied single
Solld Cedde Fual Call (30FC) In tubular
configustion. In order to Improve the oall

parfarmands, fubriostion and teating of 50 mm
long tubas has baon telken wup. Saaling tachnkgua



has alsc besn parfected with diffsrent
commarcially avalahlo ssaling matarials. Tubulkar
calla of 100 mm active call length wers fabricatsd.

Modallng of vapar phass HI
docomposition on cotalyst In B paciced bod
macior ware compistad and valideted whh ow
prosaun sgarmenial mauks. Deaign of all the
squipmants and optimlzation of procoes
paramstars for high pressure 55 HL reaciive
el i bnthory e Bty et b cmgsberiesl.

Matsrinie and Tochnologlos reiated
to Fusion Reschor

Comeslon behaviour of 33161 In Isad-
hhium eutectic in the presence of Goypan was
imvestigated by satfing up a themmal drbean
buyancy sysiem with s thermal gredismnt of 100K

Boaldes, static comoalon bebendour of
55318L materal in lsad-ithium aulsclic wes
atuiind up o 3200 h in o Bmpecahes gradient of
&80 - 380G In tha prasonca of ather matals ke
nicksl or aluminium.

Sold solubliity of hydrogen In the
PbE3LHT wae shided belwssn 300-500°C and
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hydogen partial prossurs of 80 - 105 kPa. The
absorptien babsviour of ¥ LaN| and vanasdum

v krveatigebed.
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1kJ Rep rate Marx gystem with Reflex developad at BARC



Hot Zone developed by BARC showing heater elements




CHAPTER 4

ADVANCED TECHNOLOGIES AND RADIATION
TECHNOLOGIES AND THEIR APPLICATIONS

Advanced technologles and radlation
technologles development and thelr applications,
ls one of the major programmes of the
Department of Afomic Energy's research
organizations such as Bhabha Atomic Ressarch
Centre, Mumbal, IndiIra Gandhl Centre for Atomic
Ressarch, Kalpaldiam, Raja Ramanna Cantra for
Advanced Technology, Indore, Varable Energy
Cyclotron Cenire, Kolkata and the industrial
organization, Board of Radiation and |sctope
Technology, Mumbal,

These organisations have developed a
number of advanced technologies, hitech
facilties and various sophisticated equipmentis
ower a period of ime under this programme. This
Includes Rasearch Reactors, Accelerators,
Lasers and laser based equipment, spacial
materials and others. These have many
applications in the fields of medicine, industry,
and ressarch.

Remarkable contributions In the fisld of
radicisotope production and applications of
radiation technologies which are immensely
beneficial in the areas of healthcare, nuclear
agriculture, food preservation and Industry have
bean made bythe above organisations.

To widen the reach of these technologies
for the benefit of common man, DAE has bsen
working In close cooperation with other
organizations of the Government of Indla. The
major activitles and achlsvements of DAE
organizations during the report period were as
follows.

RESEARCH REACTORS
APSARA

At Trombay, preparations for demwolition of
the sxdisting reactor pool block and reactor
bullding ware completed to enable up-gradation
of APSARA reactor to a 2 MW mactor, with all
regulatory approvals. Detailed sampling of the
pool block concrete for waste categorization was
done. Detailed enginesring of the 2 MW
upgraded APSARA reactor was In progress.
Shielding design of reactor was completed.
Safety review of varicus reactor systermns wag in
progress. Design stage Level 1 Probabilistic
Safely analysis (PSA) for the reactor, imvolving
sefaty systam and process system rellability
analysls and quantification of the model by
generic data was compisted.

17 Fuel Bearng
Plares (FBF)

Eni Flate

Grooved side plate

Tramsition zone (From
fu't'lll.?ll fIOss Secnon fo
Hl‘n.‘ll'l.' CIOSS secnan)

Bartom taes regon

Schernatic of Standard Fue| Assembly and FE Mo
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Upgraded Apsara Reastor Core

Impact analysis was carmied out for the
postulated 300 mm drop in different orientations
to find the force experlencad by the Fuel Bearing
Plates (FBF} of the standard fusl assambly of
upgraded APSARA reactor.

CIRUS

Cirus reactor remained in pemmanently
shut down state. Reactor awdliary systems were
maintained In a preservation mode. Spermt fuel
discharged from core after permanent shutdown
was frangferred to Fual Reprocessing Division.
Periodic recirculation of water in the primary
coolant and auwliary systems wore done to
preserve the systems till decommissioning is
taken up. Survelllance was In place ag per the
“Technical Specifications for Parmanently
Shutting down Clrus®.

DHRUVA

Research reactor Dhruva continued to
operate with & high level of saiety and an
avallabllity factor ciose to 80%. Radioisotope
production continued at BARC and over 1100
samples were iradiated during the year. About 80
samples were imadiated in Pneumatic Carrier
Facility for neutron aclivation analysis.
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Caoritralled Temperature Irradialion Facility (CTIF)

Platform for Seif Serve facilty with sample
unioading shiskled cask

Dhruva continued 1o be the only facility for
radlolzotope production and served as a national
facillty for neutron beam ressarch. A number of
research scholars from varlous academic
institutions in the courtry ulilized the reactor
under the aagis of the UGC-DAE Consortium for
Sciemtific Ressarch. A= part of snhancing reactor
utilization following work was carried out.

. Pre-commigsioning trials for Saif Serve
Facility, intemal inspection of self serve
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tray positions through loading and unloading
tubes was carmied out

" A seismically qualified operating platform
was designed and fabricated ard further
commissioning trisls weara In progress.

. Controlled Temperature Irradiation
Facility (CTIF) was commissioned after
successful demanstration of motorized
withdrawal of the cage assambly,

= Rectlification of leak from surge tank
{observed during irial hot operation),
Installation of ECS plping, etc. were In
prograss.

. Safety assessment of proposed
Iradletion of gaseous targets (Argon
and ™Krypton) in Dhruva to produce
radioactive tracers was completed and
nacessary clearance from safety
committees was obtained.

. Feasibility for production of special
Isotops In Dhruva by Iradiating absorber
rods In paripharal locations of the cors
was studled.

] System modificatione for tackling
absolescance and for safety Improvement
ware carred out

Paperless recorders along with P to |
converters and instrumentation for hot operation
of In Plle Loop (IPL) wers Installad and
commisgloned. Trp, alarm and Inmerock settings
were checked and commissionad, To reduce the
dose consumption in the Spent Fusel Storags Bay
{SFSB) of Dhruva, up-gradation of the same Is
balng carmed out.

The instrumeni panel for the new
purification system was upgraded. Fabrication of
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the plping systemn was |n advanced stage. Mock
up handling were camled out, the system s
axpectad to be commissioned shortly.

T
-

(EeEsEs snDEES
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Stand alons lead shieided cask with hopper for
upgraded SFSB purification

Autornatic Comrolled Voltege Rectifiers

All the six Automatic Controlled Voltage
Ractifiers (ACVR) were replaced with now
gensration Slicon Controlled Recifier (SCR)-
based ACVRs for providing power supply. Twelve
numbers of 3.3 KV Minimurn Oil Circuit Breakers
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(MOCH! wwrs replaced whh Vaouum Cioult
Breakars (VGH). Commimianing work for thras
mumbars of 20 kYA Imverters re replacement for
twa number of 20 WA Inverton wae under

[ilg e gl B

Newly dewslopad Reactor FAeguisting
Syuterm Dute Acryuigdion Syetan (RRSDAS) woa
commissoned to monitor Reactor Reguisting
Sydem (ARS) ocharmel-A paramebecs. Felky
based control istrumematdon of Main Ar
Compremmr {MACT #3 & 4 was mpisoed with
PLG banad loglc.

Overhauling of main Diseal Gonaratar sat
1 4 3 was done and perlomnancs test of the
engines wors sUcraesiully cammicd ot ot full load
for one full day.

Raplacamant of 5 noa, of 20 MYV capacily
{ash) Priocess wiber/Semar uhol & wube Heat-
srchangers, dus o Wwbe thinning, prograssad
wpll Carbon seel plowlires of sffent irarader
Eywiam wena replaced with 65-316 plpslines and
sunomssiuly commisskoned as thess lines had
piatod showing doegmdaiion due ta edormal
POITOEiDN,

Procass-woterSasmusster haat exorchsngar
repi e

The Fm Alerm Syetem for Dhruva was

tevsloped and oommbsioosd. A dummy fusl

ciuster assarmbiy has boan dealgned for camyng

mut fiow sty and cither mperimantal taks in the

IPL tast maction loop of Dhina mactol. The

Dumimy clumies for DHAUMA 2 M In-Ple Loon

design of the struchural compone s, the hanging
amangoemant and the cluster assembdy has beon

compirisd. The resembily with fusi pins and te
rads ks complotad,

Davelopmant worlk an o Rislchosad In

8ink Inapaction (1B} documsmt for Dhnam
Raac-brr Fadad ababes corm pl sabid.

High Flux Resaarch Reector

Dataled projact repart for canatruction of
a 30 MW High Fax Ressarch Reactor (HFRA) at
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new BARC campus Vizag was prepared and
submitted for approval.

The proposed HFRR is sxpected to meet
the requirements of high specific activity radio-
lactopes and provide enhanced facliiies for basic

research In frontler areas of aclence and for

applied research related to development and
testing of nuclear fuel and reactormaterials.

Detalled project report (DPR) of & new
thermal research reactor of 125 MW (Th), with
idantical design festures of Dhnuiva, to be
constructed as a Xl plan project at BARC Vizag
gite, was prepared and physice design of the
reactor was compieted.

ACCELERATORS

Al BARC-TIFR Pellstron Linac Facility,
around 50 experiments were performed and a
variety of beams were accelerated. Indiganously
developed MC-SNICE (Mult-Cathode Source of
Nagative lons by Ceslum Sputtering) source was
testad for performance.

Various composite cathodes and gas feed
sputter-cathodes were fabricated and tested at
the lon source test bench. The design and
development of a Fleld Programmabla Gate Array
(FP@A) based Computer Automated
Measurement and Control (CAMAC) time-to-
digital converter was camried out. The Peripheral
Component Interconnect (PCI) modules were
successfully used for acquiring detector pulses at
a sampling rate of 1 @S/sec.

The 8 MoV linac was developed at
Electron Beam Centre to operate in the dual
mode, whers alternate pulses of 8 & 3 MeV
electrons with 1 kW power and beam slze of less
than 2mm were produced.
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8/3 Mev linac System

A 20 k¥, 40kl EMM Machine was
designed, fabricated, assembled and tested fo ite
rated value, Elsciromagnstic manufacturing tools
were developed for forming and welding
applications. The whole system was
accommodated in three racks easily deployable
ocnashopfioor.

40k, EMM Equipment

A state-of-the-art superconducting
Electron Cyclotron Resonance (ECR) lon Source
was commissioned at Van-de-Grafflab capabie of
producing large beam currents for almost all
elements at high ionic charges. The prototype
heavy-ion RFQ was tested up 1o 1kW RF power,
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The design and development of LIA-400
(400kY, 2-4icA, 100ns, 1-300Hz) repetitive pulsed
power system was completed. All the
components of LIA-400 were assemblsd and
Intagrated with 70 kW capachior charging power
supphyand load.

A compeact repetitive Marx generator reted
at 1 k), 300 kY, 12 kA, 10 Hz reprate suliable to
drive the refiex triode corfiguration for High
Power Microwave (HPWM} generation has been
developed and characterized using an agueous
resistive load and the reflax triode Vircator. A
maximum sstimated pask powsr of 48 MW was

80 kW AF Power system source
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Yt

1 kW solid State Amplifier

obtained at the reflex triode at 35 kv charging
voitage with 15 mm anode-catheds (AK) gap.

As 8 part of the aceslerator developmant
program for ADS, a 400 keV, 1 mA, 4 vana RFQ for
D+ beam was fabricated and its cold testing was
completed. A ielrode based 60 kW BF power
system was developed and testad for 62 kW in
continuous wave mode. Solld State RF power
amplifiers 1kW & 3 kW were deslgned and
developed with conversion efficlency of more
than 85 %. Installation of the 20 MeV 30 mA Low
Energy High Intensity Proton Accelerator
(LEHIPA) components was started in Common
Facility Bullding (GFB).

A 400 ke, 4 vane RFQ
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Kiystron Coling Swsterm Piping

The physca design of the 200 eV
supsrconducting Inac for ADE {Phass I}
progrsased. Installstian of squipment and
componanta for khyatron cocling mystern of
LEHIPA wix complisted and i sommissoning
Wil I prograss.

Solld state R ampiifier ot 51 .8 Mz for nvdue-1

A& ARGAT, tha high powar AF ampiifar of
indus-1 AF Sywism bassd on teirede tubs was
mplaced by an In holse dvaloped sold atate
high power ampifier st 91.6 MH. Oulput power
frem sight MRF1410 haksd 300 watl high posmr
ampifisr module wes combined to get e
ripired 2 kW of RF posamr. This salld slads RF
ampifior waa imegrmted whh tha Indus-1 BF

sysism on Mamsh 2012, The system pardormed
effcianthy and required |owsr malrtenanca.
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81.6MHz, 2 KWV, Inchuz-1 solid siain AF ampiifier

Duploymant of 160 kW, B085.8 WHz solid sixte
AF wngiHiers g lndeus-2

Tha cewigpmant of soild siwds high
power ampliiar ot 606.8 MHz wos expadited in4
phizsed manner to place Khyston ampifier or
ued In Indue-2 synchratren radietlon souncs. Two
50 kW =soid sizis AF ampifiers wers deselinped
and Integratad with two Indus-2 RF cavitios. 'With
the integration of thees two high power ampdfiers
and the aptimization of oparating parametara of
thea RF eysitsm, Incus-2 B opomisd st 25
G100 rvk I rownd the Aok meds.

G0 K, 5058 MHz solid siste H- ampiiter

Electramagnallc dealgn of a multl col
supsrconducting mdicireguemney [BCRF)
oty

The slestramegnetio design aiudy of &
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multi cell 850 MHz selliptic superconducting
radiofrequency {SCAF} cavity was compisted at
ARGCAL Higher order mode studies as well as
Lorentz force detuning studias on the above
SCRF cavity have also been completed. The
geometry of the cavity was optimized to obtain
the maximum acceleration gradient for a
maximum allowed suriace fisld and a minimum

power loss,

Fast comector power supply for indus-2 fast
orblt feedback system

A prototype power supply for driving
Indug-2 fast comector magnets has been
designed and developed for better stablliization of
electron beam orbit which Iz In fum required to
provide required photon flux stabliity to the users.

Tha proloiype corrector power ppl',r for
Indus-2 fast orbit feadback system

-

TL2 dipole magnet power supply

Up-gredation of Indus-1 magnet power
suppiies

The power supplies for quadrupoie
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magnets and the TL-2 dipole magnets for Indus-1
were upgraded using a full-bridge zero-voltage-
switching converter for ease of malntenanca,
lightsr weight and better Immunity t© mains
translants.

Indigenous development of Hollum Liquefier
Performance of Indigenous Hellum

Ugueflar wes further Improved from hellum
liquafaction rate of @ IHars/ hr. to 20 I/ hr.

Bgparimantal sstup of prototype mull-cusp
flameant based H- lon source

H-lon Injector Linac Sub-systems

At RRCAT, a hydrogen lon baam current of
1 mA was successfully exiracted from the ion
source after proper adjustment of inter-electrode
separation and varying the sxdraction voltages up
to 14 kV. The 25 uAmp current H- lon beam was
axtracted at exiraction voltage of -9.8 kV using 3-
electrode extraction geometry.

On-line Production and Acceleration of
Radlcactive lon Beams at VECC RIB faciiity

Radioactive lon beams (RIB) of "0, I, "K
and *“'Ar were successfully produced at VECC,
using a novel gas-jet recoll transport coupled
Blactron Cyclotron Resonance (ECR) lon-source
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tachnique. The RIB of 0 was further acceleratad
through the Radio Frequency Quadrupole (RFQ)
accelerator to an energy of 1.4 MeV. Radioactive
lon beam of O was produced cn nitrogen gas
target whereas *'Ar, “K and “Kwers produced on
argon gas target.

Development of high power IOT based RAF
emplifisr along with HK» associsted high
voltage powear supplles and sssocisted
protecthve devices for Superconducting RF
cavity project

The developmernt of muli-cell medlum-
Superconducting RF linac cavity has baan taken
up at VECC. The state-oi-the-art technology of
I0T-based high powsr RF amplifier was designed,
developed and tested at VECC is the first of its
kind in India. The PC-PLC-based RF interlocks,
control and monitoring of varlous parameters
wers developad Indigenously. The |0T-basad
ampllfler along with power supplles and
imerocks etc. was installed and tested up to 40
kKW with 50 ohm water-cooled durmmy load at 704
MHz,

High power test of IOT based AF ampllifier
developed at VECC

Thea necessary high voltags power supply
with fast crowbar protection circult for blasing
Cathode of the 10T was designed, Installed,
commissionad and tested at VECC. Other
protections such as over current, over voltage,

nr

HV Dack housing the rest of the Fower Supplies

over temperature phase failure efc. were
incorporated and tested with the IOT. A HY Deck
has been specially designed in house o place
these powaer supplles which are ficating at 30KV,
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LASER TECHNCLOGY

Laser welding of supercondueting
radiofrequancy (SCRF) cavities

The technology for lassr welding of
nmicbium (Nb) was developed and used for
welding of a prototype 1.3 GHz SCRF cavity. The
welding of Nb half cells was done uslng a 500 W
average power Indigenously developed Nd:-YAG
Indusiral laser. The advantagas were no vacuum
regquired for welding , smaller energy deposition
and hence less shrinkage and less distortion, less
post walding cleaning requiremants and finally
much lower capital cost of the equipment . Laser
wealding of a 8-cell 1.3 GHz copper cavity for tuner
studies was also carried out for the first time. Ain
houss developsd Nd:YAG laser with 1 kW
average pulsad power was used 1o carry out this
welding.

Laser welded prototype 1.3 GHz SCRF
cavity made of nicbium half cells

Laser welded 9-coll copper cavity

Developmant of high bsam guallty Nd:YAQ
green laser of 100W output power

A high beam quality, high repetition rate,

Q-switched, diode-pumped, intra-cavity
frequency doubled Nd:YAG gresn lager sysism

with an everage output powser of 100 W was
developad forvarious applications.

K

The 100W, high beam quality Nek:YAG green laser

CuBr oscillalor power amplifier set-up laser

Master oecllietor power ampiifier chain of
Cubr lasers

A master osaclilator power amplifier chaln
of three In house made copper bromide (CUBD
laser units, delivering 100 W average laser power
was developed. The optimum pulse repetition
rate was In the rangs 18-22 kHz compared to 88
kHz for Coppar Vapour Laser (CVL). Elecirical
efficiency of CuBr laser was almost twice that of
the CVL.

Davelopmentof 160 W CW Fibar Laser

A 180 W single transverse mode Yb-
doped fiber |laser was developed using bulk
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mirror componenis. Tha fiber leser was pumpad
In a doubleend pumping configuration. The
central wavelength of the oulput signal peaked at
1080 nm &t full-width at half mesdmum {FWHM).

. \
The inhouse developed 160 W single ransverse
moda CW floer lager

Tha Yh-doped femicsecond flber laser and compreasar

n id)

1.414x
T 145fs

___

4 0 1 2
Delay, ps

Autecorrelation trace of compressed pulses of
Yo-doped fiber lager

Signal, a.u.
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Famtosacond fiber and crystal inssrs

An Al-Nomal-Dispersion mode-locked
¥b-doped fiber laser was doveloped with
compressed pulse and a clean temporal profile
without any sidelobes. The aversge oulput
powerwas 150 mW

Cr. Forsterite crystal based CW mode-
locked femio-second laser with nearly Fourler
ransform limited pulses was demonstrated using
a novel type of mechanism for femto-second laser
generation known as self -shortening and
transverse mode degeneracy driven mode
locking (STDM).

Opiical fibar sensors for nuclear radiation
dose measuramant

Long Perlod Grating (LPG} based
wavelength encoded fiber sensors with a very
high limit of integrated radialion dose were
developed. The transmisslon spectra as per
following figure show the dose dependent
shifting of wavelength peaks after iradiation. The
LPGs were inscribed in various commercially
available B/Ge doped single mode fibers.

—10 Gy
—i M) Gy
e 5 VAR
— 13 ki
i T vy

| Wavelangth (nm]

Transmission specira of LPG based fiber
pratings at different radiation doses

Powsr conditioning system for mult-bsam
lasaramplilfiers

A prototype power supply was developed
for the power conditioning system for multi-beam
lasar emplifiars. This made usa of a constant
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current capacitor charging clrcult based on LCL-T
resonant de-dec converter topology. The power
supply Included charging clrcult, flash lamp
trigger circuit and confrol unit. The supply was
used to charge a 250 uF capacitor bank to 8 kY
and discharge through flash lampe. The peak
value of the current pulse was 8.2 kA at 10% of
peak

At BARC, the work on the high average-
power liquld dyse |aser systems based on water
continusd. For large-scale desployment of
aqueous supramalecular dye laser oparations,
the indigenous synthesis of high purity cucurbit
was optimized and the purty was verified by
NMR, MS, and spectrophctomestric tiratlons. The
synthssized cucurblt was applied for generating
an efficlent and sustainable high-average power
output fram aqueous Rhodamine B dye lassy, at
12.5 kHz pulse repetition fraquency.

A non scanning atomic magnetomster
with simultaneous frequency standard based on
coharent population trapping has been
developed,

BARC developed a4 cuble meter hot zone
operating at 1500 K temperature and 10-5 milll bar
pressure for evaporaion and recirculation of
actinides. The heat shisids were electro-polished
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to passivatas the surfece and to reducs the surfece
emlashity. The hot zone was efficlontly operated
for more than 400 hours In the commissioning
runs.

A laser hasting faclity was sstup using IR
laser. The performanca evaluation of the system
was carried out by melting falls of differant metals
like Fo, Ta.

The Chirped Pulse Ampiification (CPA)
technigue using Nd:Qlass laser system
conslsting of ane osclllator and three amplifiers
with a pulse stretcher/ compressor yielding 80
GW peak powsr levels was designed for the
developmant of ultra short pulse systems thatcan

reach peak power levels In the range of petawatt.

A guasi-monochromatic x-ray source was
developed with the sxisting 20J /300 - B0 ps Nd:
Glags laser sygtem for probing the laser shocked
and lsantroplcally compressad mater|als,

Laser Applit:aliunn
In

Laser hased eleciron acceleratlon
preformed piasma plumes

The experiments wera carrled out using
plasma pluma producad from the ablation of
nylon target by focusing a second harmonic of
Nd: YAG laser with 40 mJ energy, 12 ns duration
to a peak Intensity of 10" W-cm-2, At the optimum
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Energy spectrum of the electron beam
accelerated in a plasma plume
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inisrpation condlions, a high quelty sleciron
beam with energy around 10 MaV with quaal-

moncansgetin leaiure was produosd
Boss Elnatsin Condsnaation of “Rb Atoms

BossEinstein Condanmstion {BE0) of
wioms was obssrved In Iaser cooled "Rb stoms
and a douible Magnete-Optical Trap (MOT) satupy
war deveioped for fie siudy. BEC was obeenved
by plotting the optical deraly profle of atom
cioud by sbsorption probe imaging mathod.
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The bimodal Satribution shown in cptical danty profis
& dun ¥ occurence of Bose cormdonaation in the el
region of the atom cloud

SPECIALMATERIALS

Temnhan snd clromiom boride ndvarced
oo rod mleried

Aghvurcd oonind o mudsduk, made of
tianium boride and chromium boride wera toat
medintsd and womined n Dhnae rexotor i
BARC far parfarmancs avahiation

High mability thin filn srgende condiicion

Dewslopmsnt of high mablity thin fime of
organk: conduciomn were camiad out using cobalt

phihalecyanine [CaPe) filme dupoaited on
flaxible bl-axially oranted polysthylans
rephihalals (BOPET) subsirates. The hgh
mohiity obsarvad B assignad 1o the good out-of-
plana teduring of CoPofiim on BOPET.

Non destructive sseay of ““U

Pulssd neuirorms smitisd from & Plasma
Focis (PF) devics wora Ueed for ren deatnicthee
assny of ™U comer®t In diferart chamical forma
{oxids, meinl)., Callbraion of ths Antive
Intarragation Delayed NEutren CGounter
{AIDNELSY) syslorn wes canisd out by Imadisting
U0, sampks of varying amoumt contalning
anvichad "™UInthe devica.

Symntheals of Lithium crthealllcate

Lihiumn orthosllcate was ayrithestzed by
50lid Siwi» Reaclion Pocess (B5AF) thmugh
carhonata routs ok wel e hydrosdda routs uaeing

mdrueion and spherpdization tectmigus. Grain
dzea In the range of 100 microns wara

Bhedy of haat transfer with alumine pebbies

Expariments o study the hoat ransfor
with glyming pabbies of difersnt stes In pebibie
bad wers caried ot Dptimum paramatane 1o
snhanos the efectvs thermal conducivity of
pobbis bad setablshed OFD madeling of the
hydmchynamics of the pebbis bed was nltkted,
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Magnetic Materials

iron-deficient rare-earth gamets for high
power circulator at 505.8 MHZ

High density, crack-free, large disks of
Ytirlum-Qadollnlum-Indlum @arnet, was
developad by RRCAT for use In high power farrte
circulators. Material compasition and process
parametsrs were optimized to achieve desired
magnetic characteristics.

{8} ie-sstn for quadmnt and ssgmentsd sheps gamel compaorants,
b} Design of quadnent-segrant Integratad gamet dsos,
¢} &8 presead quodrant shape gamets and
o) Integratsd |arge sinterexd gamet disc,

I
w s Eg =17 katf
PAREEE dal i
PO v P "B
0 . {
AreHn
T s
B Ll Rk e e man e o e R S R R R
. (b}
o Cuaswions

ey ale L Lt ] 't= ‘
o A
|

"
) -
bl

'l.l.

Iekereity (Arts Lnk)

' LB l’l i) TrprrErye

W'+ (e}
AL B
S e f
"
| A i
| I !
AL | Rl l 4 b
ol |k |l e ||
1 A 4 6 &8 T A O OAT AL LdAEIE AT IR

Eneryy (ke''}

XHF spectra of tantalum Impurlty In nloblm samples
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Supsrconducting properties of nioblum
matsriale

Superconducting properties of niobium
materials have been investigated in detail after
detsrmining their tantalum (Ta} and other metallic
impurity content bassd on xtay fluorescence
specitroacopy shudy using the Indus-2 beamlines.

Piatinum doped carbon aerogel catalyst for
hydrogen lsotope exchange

Work on the development of hydrophobic
catalyst with platinum doped carbon asrogel as
actve materal (P-CA) and paly-tetra-fluore-
othylens (PTFE) as wel-proofing agesrt was
further continued and efforts were made to
achleve stable and conslstent catalytlc
performance.

Crystal Growth

Large dlameter congruent lithlum niobate
crystals were growm by the Czochraleki method.

Growth of 70 mm dlametear congruent Ithium
nickiata single crystal
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Photonile nano matedals

Compostes of Paly phamdane vinylane
{MDMO-FPY} mnd I|sad sulfide ([PbE)
ranopaticdes wers fubrdcated fir phatovoliele
ool appiocations.

ADVANCED TECHNOLOGIES
Texture difireciometar

The Taxture diffectometer canalate of a
fourcircie goniometer with 2 fransistion ds.
Motlan contral of the gonlomater axss,
implsmeriation of acan slgortiyme and colection
of difrection doto wan cavhed out ot BAAC
through & compulsr interface. The gonlometer,
colimation sysbbrm and smoctsbed mechanical
Eywiama ware labricatad and systemn |mtagmtion
ws In prigress.

WO rrn Sty sis 2ofbear s

The mpartant task cfunimsmupted online
manitoring and reparting of global end In-country
salemic avents comtinuesd ot BARC with the use of
in-houns developad wanaiom analvals scfiwars.
Good progress v mads In development of
b et bisch i uie Ty g mes aludies

Telepresence Intwiece for Mesier Sleve Men|pultion

Tk proepice

The echnology. callad Telspressncs wal
dhirlaped and demorsinaisd i BARC wming a
aterso camera palr af the sleve station and stereo
viwing gogoies al e masher and 8 3D
immoraive Interface for telemanipuiatdon. Tha
rallert points are 30 view of the seve robot and its
work apace, imeractve talemanddation using a
heptic devics, user iendy GUI gukiance thrmugh
chrtarned apacs, recordng and raplay of praviols
mavemertes to snhenca opsmniors sffclency and
army ather PO Inthe sams netuwaric
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LBE tangst Iop baing raographnd

Aadvanced impection tachrigues for reactor
PTG RntE

Advanced Irgpection  Behniques  Tlee
phasad aray Ultresonlc tcat probea for
inspaction of Zoonium bllets and inpois, dighal
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rdiograpiy wers daveloped for imepsction of
murmpnrlni.

Fipeling Mapsotion ey

Pipsine Imepection Gauges (PlGs) for
pipaiines of savoml slzas mnging from 12° to 247,
under an Mol with KXCL was developsd by
BARG. Thae tbols wore dasignad for inepaction of
oll pipsines without stopping the oll fow. and
thar capabliics were proved by plyslcal
veriftcadon,

24" Fipalins (neapaction Gaups Tool

Applicaiion-Specific imiegrated Clroults
(BBics)

Thret application-apecific intagrated
clrculte {AGICs) — ANUSANSKAR,
ANUSPANDAN, ANUSPARSHH] wers deaigned,
fabricated and tested In 0.35 um mixad
Complamgniary Matd Chdde Semisondusiors
{CMOS) procesa. ANUSANSKAR wan deaigned
for eadout of high demsity Sillcon Position
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Hig i Powser s id stabs AF powr ampilfier

High Power soil d shate AF power amplier,
at 1358 MHr for U In plaoma haating
applcatione was developed =t BARC and had
mana than 80 % afflclency.

ANLISANSKAR uncer teet at ALICE PM0D, CERN

Lineerarmey deiecior

Linsar mrey detscior wiih 16-element
Positivie-Intrinaic-Negatve  (PIN) phoindisdae
coupiad to & 16 slement Cal amay of geomsiry
matohing I the photodods slaments was
indigenowmly devalopad.

AnuspamhH| ASIC imartacen with TOG ASIC |

Sersihve Detectorn. ANUSPANDAN, a low nalss,
low powsl, 12-channal ansing ECG front end
ASIC dedgned for poreble ECG Instrumant Linsesr Armery’ Detaoton for Xy
capais of caphuring ulira low frequancies of ECG

spectrum required to detect miyacardlal Mul-channal high vollege ayatem
imarction. ANUGPARSH, a fast 8-channal, low

power front end ASIE far read out of Restsihe Tha muitichanne high voltage mystem
Plas Chamber (AIPC) datector of indlan Neutrino was deveiopsd for Dlasing B charpad particls

datector amay canalaing of S-pad datectors and
Obsarvstory {ING]Hren Calorimster {ICAL) Csi-PIN diodes for BARC-TIFR Pelistron-LINAG

Facdity
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A 48-channel High Voltage crate

Slllcon detector tolescope

A novel sllcon detector telescops for
pariicle ldentificatlon and measuremant of thalr
energy has been developed using double sided
wafer processing technology with a common
buried contact for nuclear physics experiments.
The performance of this detector for light charged
particles and fisslon fragments has bean verlfied
at FOTIA end Pallatron, BARC.

The PADMA System

The networksed Manitoring and
Assessment Cenires (MACs) of the PADMA
system having necessary imrastructure for data
collection from selsmic, micro barometer,
IERMON, prompt gamma & EMP detection
systemns and fusion of these data to alert and
autherticate the occurrence of any event were set
up to provide round the clock autherticated
imormation 10 designated authorities of an event
anywhere within the Indian territory.

Neutron optical devices

MNovel neutron optical devices have bean
developed yielding many new sxperimental
results. A high precision Bragg prism collimator
has been falwicated and operated In conjunction
with a matching, simllarly designed Bragg priam
analyser. Employing these, the most parallsd
neutron beam to date has been produced

e

Neutron Bragg Prieme

Robotlc gonlometer

A robotic goniomster, opsrating remotely
was developad that provides the unigue
cepabliity to collect diffraction data on protain
crysials In-sltu, and will also act as a completaly
automated sample changer.

Robiolic goniometer for protein crystallography



ADVANGED TECHNOLOGIES AND RADIATEON
TECHMOCLOMIKS AND THRIR APPLIGATIONS

indigencusly devslopsd Dismond Amvll Cell
DAL

High pressure Infrared studles of
mabderiale were camed ot In an incipenouEly
diveloped Dlomond Amd Call [DAC) uslng
Fourler Transfiorm Infmed (FTIR) Speactrometer
soupted & the Hypadon 2000 IR microscope ael-
up-at IB-baamiine, Indus-1, RRGAT.

Symtheals of rare asrth orthovanadates AYO4
ranopartioies

Tecimologicaly mporiant compounds
such ad rans sarth onthovanadaiss AVO, (A=La,
8] nanoparticles wears symthesixed via
mictowave asalsbod heuting. The Measunamants
showad pressure Induced Insulstor meal
transition in CaVO, and struchaal phisko changee

in HeVO,.

Deaign and devnlopmant of VERChopper
el Dy Voltage Rirshrer

A 10EVA three-phass Voltage Source
Invarter {5l was Jdoalgned and developad at
VECC. The powsr slacironic device comprising of
& Voltage Source Inverter {W31) along with DC-DC
Chopper was smployed Inthe development of the
DynamicValtage-Asstore {DVA) Lsing tha SMES
coll A high curment two-quadmnt DC-DOC chopper
e cacipgrad and diveloped for charging the
SMES coll

Energizntion of 0.688) BMEE Coll with the Tao-
Gusdrant DC-OC ohopper

The NBTI based cnymetabis arnd solenokd
typo 0.B8M] EMES call with HTG basad cumant
lsads miong with related Instrumentations,
guench detaction and protecton ayslam, dump

moistom and the dais-logging systems wars
wosmbled, Integmated wnd connected for

snoergization of the SMES coll The "Hyelereals

Bard Curmsnt Contoller™ beeed two-quadrant
DO-DC choppor designed and davelaped In-

house® was used for charg/ng the

D2P basad Yoltags Sourca Imedier

Concaptual Dealgn Smdy of & MJ Toroidal
BMES Coll

Concaptuml design study for the
drslapmant of Lemidal field magnet of 5 MM
MW composad of modular solanold colm
oomeatad in series and amenped In a omidal
symmatric won [nftieted. Dataled doaskgn study of
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cryosind bine-aul, quanch proteciion, dyrsmic
heatlond, sic. mads prograsas.

Devalopanam of high-volitng s powar sup ply for
mleotriststioton beam dellettier

High-+okege power suppiss has besn
dacgned and develapad for the akefroatatl: lan
bsam dsfector. A novel topology of hal-bridgs
pardlie rpsonant DC-DE pormerir with high-
voltege / high frequency mtepup tmnsformar
followsd by Cookrofi-Walton multiplier stagss has
baan uead for the developmeant of thass povwsar
suppline, Curiput volisge reguistion s achieved
by changing the Input DC bue voltage of DC-DC
corvarier using 2 high control pandwidth seriee
P trarsister werking in thes Enpar regian.

Cryoganics
Exgrovimenial it [quiier

An sxpedmantal helium Bgueior was bull
by BARC. The halum Bousfacion process wes
besed on 2 modiied Coiin's cycle conaleting of
ane pre-cooks uiko-egandar;, & palr of by-pess
turbo-spandars warm and cold) end a sarsa of
7 compact irseed plats and fin high sifeothe hest
eschangors.

The ceprimeal hedurm Bgueficr with L2
procoding faciiy

13

Frooeeds deslon of & new 250 W et 45 KK &asub
4.8 Khallumn refrigerstor

Procoas design of anow 20 W Et 45 K
ard & sub 45 K helum refipestor was
completed. Thaaub 4.5 K helm refrigenator wao
deveiopad me an edenelon of the sariler
deacribod 4.5 K rafrgeratar to Trally develop Inta

an integrated cryogenic faciky with 4.5 K as wall
drp e 4.5 W kistachy.

in tha yamr 2012, operation of
mparconducting oycintron &t VECC &t ratad

cryopenic loads with the old Iquefisc/refigerator
260V ot 46K was sUcroosfil.

Prototype developmant of an saperismentel
variable tempersiurs soiup sulinbkis from 22K
b0 326K for tenperaturd sensor oallbrsiion o

VECC, Kolkata

A prototype of varable temparahirs sat-
up has been doveioped Inhouse using a glase
cryostat for cllbration of diferant wmpeistune
aansors, The tempersturs of Variabla
Tenparshry Inset (VI k sontroled by the
cryogenic process. The callbraton waa

periarmed by compaing with a Laleshons make
Calbratad Bllcan Diode D).

Prectograph of Yaun Faed-through of the
e sore e hoeter
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Sample mounting centre stick Cryoganics

\ R | . l!|_‘ a
z = ¥ . e ’_ - oy ] -L

BExperimental Set-up for sensor calibration

4K Cryo-cooler basod Cryogenic Toat Set-up

The 4K cryo-cooler based cryogenic teat
set-up I8 a gensral purpose test facllity which
dllows to cool the sampiss/devices to 4.2K
without the Inconvenlence and expense of liquid ) “and
hellum. The cryostat was designed, fabricated Hellum Evaporator placed Inskde the cryastat
and successhully imegrated with two Sumitarno
Made 4K Cryo-coolers. The thermal performance
of the system was tssted successfully and
differant measurements were carried out. Several
Nioblum (Nb) samples from BARC, Mumbal wera
characterised for purity through RRAR
measurements. The phase measurement was
carried out from 320 K4 K of Cobali-Tin samples
of different compoesitions from SN Bose Institute,
Kolkata

Test set-up mounted on a movable table Cryogenics 1K Helium Evaporator
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Robotica
ey oo wriy grv-Brcared urtioualachind] e

Portabis winless oontmlisd, rugged
mohis rabat with an-boand aricitated arm was
deveioped by BARLC. The sallemt fexhurss of the
mobids rabat ncluded & whide payload 150 Ky,
arm load 5 Kg, sm reach 1250 mm, rugged,
myinienance free bnashisss mcion used for
movamants, povearful aalf protection by very faat
“stop-on-hit” through touch sensitve bumpers,
intaiigent b atete recovery aupport thraugh
muitiple body sensors, long campsign ANge
suppated by by duty battery, fully 30 moded
suppoitaed human-maching Interface at opomior
oonsols, orHine tacking o mobis mbol's

poalion and wids renpe of applcatiana In the
nuciear and hamrdous meterisls industry.

Compaot Wikst

Compact wiist for Tele-robolics which Is
an alecirically opanaind witad with 2-Enger grippar
for pick ana piace 25 wal aa part sssambly tasak
mapction through ks robiot apers In sothve
prwironment was doveloped. Compact low
vakage {24 V) actustors for opensior safely, full
red, tit and grip unctionalty, all motions doaad
ioop sarvo commisd with imleprated ssneom,
Ight sonstnastion, peay leed up i 700 gm, sasly
intagrated with articulated arme for longer roach
and wide range of applications In the handing of
radicactve materials are some of the Important
foahures of the unit

Maoblls robot based online radizSon mapping
wyston in K-138 tptlotron faolity

A mobla robot bassd rdistion doss-abe
mapping syetom was developed at VECC In
collaboration wikh DRHR, BARC and HPFLU.
Kolkatn, Expaiments warg aaried out with 30
MY alpha baam at 12 pra-dad ded locations. The
sipnfioart results chbislned Included compiste
neutran and gamma redation fleld mapping far
different condiione for eccikdeminl sxposurs
safimaten; Locateyg the mamemum beom loos
poaltiore and theraby Improving baam opiice
mesudting In Inoresss of beam  rensmbssion
efficiancy; Optimization of baam Intemal
parameters 0 reduce the amblemt dose mba
inolde vault and pit sl and nreduction of

hobils Robat & High [ntsnsiy Canae-]
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radlation damage to components and accldental
radiation exposure; Significant reduction of
induced activity produced at different parts of the
machine companaris.

SPECIAL PROGRAMMES

Accass control system

A separate AFID type card was used for
access confrol in different zones in VECC
campus. RFID type attendance cards wers
introduced for VECC employoes. These were
programmed for access control, replacing the

Access Control Gard Raeadear

Accoss Dplay System

13

older cards. The system was monhored by the
Health Physics Division, BARC. For Visitors,
Trainees, Junior Research Fellow and Senior
Research Fellow separate temporary cards ware
Issued which were configured for the required
zone only.

ISOTOPE PROCESSING

The radicisotopes in India are produced in
ressarch reactors at Trombay, power reactors of
NPCIL and accelerators at VECG. Theee
radlolsotopes are processed by BARC, and a vast
array of high quality radiolsotope based products
and equipment is commercially produced by
BRIT. All these products and services have wide
applications In the flelds of medicine, agriculturse,
Industry and ressarch.

The activiies and achievements of this
programme segment of DAE during the report
period, are listed balow.

A method was developad by BARC for the
separation of fission 99Mo from iradiated
uranium aluminium alloy. 989Mo was obtained
with an overall recovery of 805 and the purity was
found to be In egresmant with the US and

European phamacopoela

A facility for processing spert ammonia
cracksr catalyst to recover high purity cobalt
powder wag set up. A mulil-cavity dis assembly
has been designed and fabricated for
compacting the cobalt powder Into pellet/slugs of
required dimensions for use as 80Co source. The
mullicavity die assembly set can produce 100
green cobal pslleis of dimension 1.2(dlajx1.2
{hslght) mm at a time and about 600 In an hour.

At BRIT Regional Cerier, RAPPCOF
KOTA, a total Cobalt-80 activity of 861 kCi in 17
sub assemblles was processed. About 1170 ki
of activity was transported In 12 conslgnments.
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Fiftean numbers of W-81 sources weare fabricated
at RAPPCOF, Two tsams of RAPPCOF
successfully carrled out source loadings at OGFL
and JCPL, Bhiwadl.

Radiation Sources of Co-80, Cs-137 and
Tm=170 for Nucleonic Gauges and other various
applications were made. GC-4000 unlt supplied
to Urugway brought from USA In two numbers of
Type A lead pols were sent back to them after
removal of sources.

AGRICULTURE

Crop Improvoment

A large sead Trombay groundnut varlaty,
T@G-47 (Bheema) was released and notified as
RARS T1 for commercial cullivation for early kharif
and rabi under imigated conditions in all agro-
climatic zones of Andhra Pradesh by the Central
Sub-Commlitas on Crop Standards, Relesse and
Notification of Varetias, Minisiry of Agriculture,
Gavernment of India.

In groundnut, TG-67, TG-88, TG-83, TG-
70 and TG-71 were evaluated at the Agricultural
Universities of Navsarl, Vyara, Ralchur, Dharwad,
Marathwada and Latur in kharil season. To
disgseminate new Trombay groundnut varistios
and to reach groundnut farming communily with
quallty seeds, large scale breeder soed
production was undertaken at Farms at BARC.

About 372 quintals of breeder sead of
Trombay groundnut varietles, TAG-24, TG-A7A,
TG-38, TPE-41, TLG45 and TG-51 wers
multiplied and distibuted to different seed
agencies and farmere for further foundation seed
productlon. In Rare Materals Project, BARG,
Mysors, more than one acra of area was
cultivated successfully with TG varlety TG 37A In
rairy season and around 1400 kg of quality sesds
ware obtained
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BARC scientiets on visit to various farms

Groundnut mutant, TGM 112 with white to
light orange fiowers Isolated with gamma ray (250
Gy) treatmant of TAG 24 was depostted and
registered with National Bureau of Plant Genetic
Resources, New Delhi. Electron beam iradiation
wes standardized for ebsorbed dose In five
Trombay groundnut genotypes using both the
750 KeV DC accelerators and 8.5 MeV linear
accelerators at RRCAT, Indore.

Two recsesslve genses governing
resistance to yellow mosalc virus MYMV were
identifisd in mungbean. Thirly five transgressive
segregants and recombinanis with desirable
characters were developed. A new source of
rasistance for bruchid storage pest was ldentified
In wild mungbean.
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Breeding programme on development of
yellow mosaic virus and powdery mikdew diseasse
resistart black gram variety wae undertaken for
uradbean.

Soybean lines TLPM-14, TLPM-20, TLPM-
34, TLPM-47 and TLPM-52 having higher
Inorganic phosphorous concentration and low
phytic acld conlent were Isolated through
induced mutagenesis. High yislding sovbean
lines TS-48, 48, 69, 72, 80, 121 and TS-2 wers
entered Into evaluation and multiplication.

Two cowpea selactions TG 2-12-10 and
TC 3-25-26 were idemtified having combined
reslstance apainst cowpea mosalc and leaf
crinkle viruses. Eight germplasm lines and 11
mutants Including TG201, TCM1-28-E, TCMB03,
TCM418SDT, TCMS01-1-4, TC 98-1 and TCM 1-8-
10 were also iderttified with resistance to cowpea
mosale virus. The cowpea mutant derlvative TC-
801 was |dentifled with high proteln and high
albumin comert. Mulliplication of breeder seed

of the Trombay pigecnpea varisty T1401 was
taksn up.

A selection of rice involving mutant as a
paremt was tested and found high yielding and will
be advanced to further yield evaluation trial. In
wheat, early mutants of Cv. C308 were tested at
IARI, Indore.

About 388 germplasm lines In chickpea
were collected from different natlonal and
International Institutes.

A protocol for extraction and HPLC
separation of various sugars in blackgram was
standardised. Twanty four blackgram genotypes
were analysed for sucross and raffinose family of
oligosaccharides (RFO) contert 1o identify
genotyps with high sucross and low RFOs
content. Investigetions on banana somatlc
ambryogenesis continued. Two new call lines of
Rasthali were initiated.
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Investigations on the indigenous
medicinal plant Ophiomrhiza species were
pursusd for the production of the Campiotheca
alkalolds usad In cancer therapy. Plant #ssue and
organ cultures of Ophlomhlza were establishad
and mass culliveted for the exiraction and
isolation of bicactive constituents.

Multiple shoot cultures and immobilised cultures
of madicinal plant Ophiomhize

A nowvel plasma membrane aguaporin
(MusaPIP-2) was |dentiled from banana
Expressed Saquence Tag (EST) database and
usal to transform embryogenic suspension
cultures of banana. Stably transformed banana
piants showsd improved folerance fo galt,
drought and cold strees.

Two important fungal proteins namely
Velvet protein and a Fungal Transcripion Factor
(ff1) In FOC Involved In spore germination and
mycallal growth In flamentous fungl of fusarium
disease, wers identified.

Molecular characterization of grapevine
stress related gene SDIR1, WhbZIP23 and Ku70
was carmed out using tobacco tranagenic plants.
Musa gensome sequence was explored for
putative bromodomain proteins, which are a
group of important regulatory protelns.

Studies onthe application of thiourea (TU)
were continued. The efficient activation of
altemnata oxidasa pathway was demonstrated
under NaCl+TU treatment that helps to avold the
over-reduction of mitochondrial ETC,
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The potential of Calotropis gigamtean for
phytoremediation of Pu-239 and Am-241 as well
as nonradioactive Cs and Sr was demonstrated.
Planta of Calotropls glgantea were found to
tolarate upto 20 ppm of Csand Sr.

Studies were continued on the field
evaluation of sustalned release blopolymer
basad formulation for mosquito control. Several
Culex breading sites were identified

To test antifungal activities of bicactive
components towards serious diseases of rice
caused by M. oryzae, 88 wall microtiter plate
growth method was developsd which led to the
Identification of B-basrubrin peptide with Kiling

Fruit fly infestation on fruit and vegetables
crops was analyzed with the help of National
Resaarch Institutes and Agrieultural Unlversities
using different designs of pheromones based on
methyal sugenol and Cue-ure traps.

A novel protocol was designed for
immuoblilzation of cells of Streptococcus lactls
axpressing - Galacinsidass activity using sllica
nanoparticles, by spray drying technique. The
immobilized enzyme was found to be more
thermostable than the free enzyme.

Enhancment of lipolytlic activity for
selocted stralns of Aspergliius sp. RBD-01 and
RBD-02 that produce lipase wars subjectad to y-
irradiation for differert tims intervals.

An amperometric bienzymatic cholesterol
blozanzor basad on functionellzed graphana
modified electrode was developed for total
cholesterol determination. Cholesterol oxidase
(ChDx) and cholesterol esterase (ChEY) were
covalently immebilized onto functionalized
graphams {FG) modified graphite slectrode.
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Factors imfluencing the uptake of U (V1)
ions such as solution pH, temperature, contact
tima and Initial metal lon concentration were
Investigatad systematically by batch experiments
using daughnuts which contaln S. lactis cells as
adsorbert. More than 65% of U (V1) ions uptake
was observed over pH range of 3-7 with optimum

uptake atpH 5.0.

Floating magnetite-cryobeads were
designed for the recovary of uranium from
aqueous mediurm by integrating the properties of
magnetism into cryogelation technology.
Degradation of Trl-butyl phosphate was
Investigated using Klebslella sp. 53 Isolated from
soll.

Electron baam Iradiation of seeds for
phylo-sanitary treatment

Elsciron baam Irradistion for phyto-sanitary
treatment

The DC accelerator at RRCAT was utilized
for exploiting the potential of slectron bsam
Irradlation ag phyto-sanitary treatment against
pulse bestles In seeds of various grain lagumes.
Collaborative research and development work |2
being done with National Bureau of Plart Ganetic
Resources, New Dealhi to issue Import Permits
and Phyto-sanitary Certificates for radiation
processed food In our country.
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FOOD PROCESSING

At BARC, a combination of nisin {1000 L)
and low dose radiation treatment {1kiSy) to
improve microbiological quality of minced meat
using packed inoculum studies was investigated.
The treatment complataly aliminated both Gram
negative and Gram posiiive bactera Inoculated
into meat when stored at chilled temperatures.

Largs scale siorage studies of Imadiated
seml-dried prawns demonstrated that the
product could be siored up to 3 months at
ambient temperaiure without significant changes
in the microblologleal, blochemical and sensory
quallty.

Protocols were standardized for
determining the optimum daose for extenslon of
shalf ilfe of Ready-To-Coock (RTC) pumpkin at an
optimum radlation dose of 1kGy.

RAaw carrot juice was demonsirated to
have high antimutagenic activity while bolling was
shown to Increase the antimutagenicily of
pigwesad considerably.

In jackfrult, during storage, an Increase In
ethyl acetate content and formation of ethanol
and valeraldehyde was noted. The possible use
of veratraldehyde as a marker for delection of
spollage was under Investigation.

A blochemlcal approach Invelving
chemotaxonomic markers was adopted to
determine tha traceability of litchi fruits grown in
Indie

A process was developed for preparation
of Ready-To-Cook (RTC) kidnsy bean (Rajma) by
precooking and drylng. Methods were
standardized for Identification of marker volatlles
in food packaging for early detection of food
spoilage.
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A process for preventing browning and
extending shelf life of litchi fruits for 45-80 days by
8 saquantial dip treatment using GRAS chemicals
and the technology transfer was developed by
BARC. Dosimetry protocols were standardized at
KRUSHAK facility for applicaion of radiation
processing as a quarantine requirement for
export of pomegranate to USA.

Studies ware camied out to evaluate effect
of gamma radlation on composlte fllms prapared
from Carboxy Methyl Cellulose (CMC) and Poly
Vinyl Alcohol (PVA). Blodegradable nano
composite films prepared using bertonite nano
clay (10%) and guar gum showsd an
anhancament In tanslis strangth by 83% and &
dacrease In Water Vapor Transmizsion Rate
(WVTR) by 25%. Effect of gamma radiation on
soybsan trypsin inhibitor was svaluatsd.

The effect of varlous foodrelated stross
events on general stress response and virulence
gene expression in A, hydrophila CECT 838T and
A. hydrophlla A331 food lsolate was studled using
real-tima PCH.

Sthudies on radiafion (40 kGy) induced
Maillard reaction betwesn various sugars like
maltosa, rbose, sorbosa and xylosa with lysine or
gycine showed that madmum MRPs were
formed in ribose-lysine mixdurs.

A procass was developad to Improve shalf
Ife of a reglonal Indlan food preparation- 'LittF or
'‘Bat’ by use of gamma/electron beam irradiation
{10 kGy) in combination with other preservatives
for Immune-compromized patlents and other
targetgroups.

Cinnamon, ajowain and clove oils (1
mg/ml) were found to Inhibit bloflim growth of
Agromonas by 80-87%.
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Studles on the characterlzaton of
pelyphenol oxldase (PPQO) from eggplant
Indlcated the presence of two lsctarms of PPO In
brinjal that were confirmed as true PPCs.

Cloning, expression, purification and
characterizatlon of blfunctlonal
aminoacylase/carboxypeptidase of Burkholderla
cepaciawas camied out.

Routine dosimefry and radioclogical safaty
assassmants of Food Package Imadlator (FPI
and Gamma Chambers were performed at
regular imervals. Radigtion levels at all the
occupiad arsa were within permissibie limit of 1-
10 pSvh. TBP samples supplied by NRG,
compansated lon chambers (For testing) by ECIL
Hydarabad and ralsing from M/fa Cadbury (Krait
Indla) were aleo Iradlated. A Procass Flow Sheet
for Litchi Preservation by Dip Technology was
prepared.

Radiation Processing Services

Hediation Processing Piant, Yashi

The Radiation Processing Plant, Vashi
continued to provide gamma radiation
processing sarvices for Spices, Ayurvedic raw
material, healthcars products and pat feed eic. to
more than 200 customers from all over the

country.

During the currert financial year, about
2800 MT of eplces and other producis wers
procesasd tll December 2012 which |8 morethan
the quaniity processed during the comesponding
period last year. This year the plant is expected to
process around 3500 MT spices and allisd
products ylelding revenue of about 250 lakhs.
Since Its incaption, this faciltly has procsssed
about 23000 tonneas of products reallzing revenue
of about Rs. 1400 lakhs.
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To meet with the Increased demand for
radiation procassing, source replsnishmant was
camed out to enhance source strength from 400
kCi to 600 kCi. to cope up with the increased
demand for radiation processing. Re-
cerffication Audit for Qualty Management
Systems was completed successfully and facliity
was certified for three mone years. Survelllance
Audit for Food Safety Management Systems was
carried out by ceriified agency and was found to
be in full compliance with standard's
requiremants. Faclliity of epayment has bean
provided to customens for payment of processing
charges.

Two Radlation Processing Plants namoly,
M/s Hindustan Agro Co-Operative Lid., Rahun,

Radiation Procsssing Plant at Nipro Indla Carpn, Lid.,
Pune iz commigsioned

Mol signed with M/s Isorad, Chennal
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Maharashira with source loading of 85 kCi and
M/& Nipro India Corporation Pvt. Lid, Pune with
sourcaloedingof 275 kCl wers commissioned.,

Mou was signad with M/s lsorad Tech Pwt
Ltd, Chennai, M/s Divyakiran Agro Processing
Pvt. Lid, Anand, Gujarat and M/s Radura
Irradiators, Nashlk, Maharashtra for setting up of
Radlation Processing plants.

HEALTH

Radicigotope based formulations,
technigques and equipment are widsly usaed In the
diegnosis and treatmant of vardous dissases.
BARC, BRIT, RRCAT and VECC are major
contributars in this fislkd,

Radlolsotopes are produced, processed
and technologies are developed at Trombay for
varled appllcations In the madical fleld. BARC's
Radiation Medicine Cantre, a premier centre in
the field of radio-diagnosis and radictherapy in
Mumbal, |= a reglonal rafermal centra of the World
Health Qrgantzation (WHO) for South Esst Asla.

BRIT produces and supplies radio-
phamaceuticals for diagnosis and treatment of
diseasas, telsthsrapy and brachytherapy
sources, radlolsotope based kits, varlous
ingtruments, and radio processing services.
Jonaki Laboratory &t Hyderabad produces and
supplies P32 |abelled nucleotides for research In
biology, blotechnology and drug discovery.
Jonakl also markets S- 35 labelled amino aclds
produced by labelled compounds at Vashi.

Radioisotopes for medical applications
are also manufactured at VECC. The Reglonal
Radiation Medicine Cantre in Kolkata mests the
radio-diagnostic and radiotherapy requirements
ofthe sastern region of the country.
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RADIOPHARMACEUTICALS

During the year, BRIT supplied more than
60,000 cold kits for formulation of "mTc
radlophammaceuticals {11 products under the
code of TCK)} to various nuclear madicine centers.
200 Cl of *Mo (TCM-2) for solvent extraction and
around 200 Cl of Mo98 as alumina column
generator (New product-COLTECH) and Gel
Generators were supplisd io hospitals for
saparation of *mTc. varlous accessorles of “mTc
Generator systems and other products were
supplied. Nearly 20,000 Consignments of ready
to use radlopharmacauticals of ™ |, *P. "'Cr and
*"Sm were supplied to various Nuciear Medicine
Centers In India. The production and supply of
injectable products "“Sm-EDTMP and ™1 MIBG
was increased during the year 2012-13,

Two new products "Mo-"mTe alumina
column genserator (Brand name “COLTECH™)
and ready o use radlopharmaceutical Colloidal
Samarium [“P] Phosphate (SMPC) Code PHM-4
have been launched this year successiully,

The commissioning of the column
generator production faclity at BRIT and

e - COLTECH Generator
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avallabliity of generator "“COLTECH" has made a
great Impact on the market. The prices of the
same capacity Imported products have dropped
considerably. At present the capacity of BRITs
COLTECH generator production facility is limited
duetoinitial approval of upto 20 Cl of *Mo-99 from
AERB.

The Introduction of colloldal Samarium
[**P] Phosphate as a therapeutic
radiopharmaceutical for radistion synovectomy
has filled 2 major requirement In the treatment
plan of hospitals actoss the country.

Sterile pyrogen fres, white colloidal
soluticn an indigenous alternative at economical
prices was supplled to hospitals by BRIT a& an
Injection for administration by Intraarticular
ingtiliation,

A new facilily for production of 131
capsules consisting of shislded minl hot call and
fume hoods has been set up at BRIT. The new
facility will enable BRIT to enhance the volums of
I-131 capsules production and also manufacture
capsules contalning higher than 25 mCl K131
radloactivity for the treatment of thyrold cancer.
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Radlophamaceautical Production Facllity
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*mTc-tetrafosmin, a radiophamaceutical
for myocardial perfugion studies was developed
and clinlcal studles of *mTc-TRODAT for
diagnosis of Parkinson's disease and “mTc-
Hynic-TOC for nsuro-endocrine diseases was
undertaken at BARC. A radlopharmacsutical, ™'l
rituximab used for treating Non-Hodgkin's
lymphoma was developed and a clinical study
was plannad with the Tata Memorial Cantre.

About 3000 Cl of medical radionuclides
(™Mo, ™1, "Lu, "8m, *P, "Cr etc) were produced
for formuletion of radiophermacauticals at BRIT,
Production of “Co (30,000 Ci per annumj suitable
for blood iradiator and Gamma Chambers; and
high specific activity "™ir using enriched *Ir
started inthe Dhruva reactor.

1200 reference sources of different
radionuclides ("Na, *Mn, "Co, *Si, “Ba, ""Cs,
“iCa, “Pm, "™Eu, ®Hg, ™) were prepared and
supplied to users Including Industry and
acacemic instiutions. Eighly two custom made
sources wers fabricated for various users for
gpecific applications such ag QA of fuels, as
lonizetlon source for dust montors ste.

A flood phantom using *'Ce needed for
the QA/QC of SPECT and planar cameras usad In
the nuclear madicine was developed, evaluated
in Radiation Medicine Centre and found to
perfform as good as Imported ®Co based

phantoma.
The treatment of prostate cancer using

'BARC 125 Ocou-prosia seeds' was started in
colleboration with a local hosplial.

RADIATION TECHNOLOGY
EQUIPMENT

A blo-chlp arrayer & Imaging system

A bio-chip arrayer & imaging system is an
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automstio process stags to produce the antibody
bassd blka-chip for In vitro simultansous
quantintive detsction of 2 combination of cancer
related hormonea uaing polycarbanets [PC
taceeichod membranss (TEM; o a nowvel
subairats.

The eyshier b aquipped with el e
imaging syatem to detect the falling of anifbodiens
spats on the membrara ohip and thelr
quartfcation. The claaning and shakdng of all the
samples simuiiansousy In A sngle siarsl B
camied out with the halp of a customizad shaler
are vaouum bessd membrans cnsssits holkdern

ik matrod ogloal spetem

A rmartrrgingl myshm hios baen designed
1o moasurs the co-ondinates of & point in apace.
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Tha meiriogikal system l& fBbricated arnd the
computar imeriace la dewvelopad far registration
and dais stomge. The system s portsiie and has
high manipulablity as compared ¥ comantianal
Cartesian type coord s messuring machines.,

Expaimenis wes conducisd o svaluaie
the pacrformencs chosehwieties of the Sockl
Mechaniam forMetrology (SMM].

A 48 pai sacondary mudtieef colimator
with muliieaf trimmers (MLE+MLT) was
doevalaped for Integmdon Inta the Bhabbatron
telscobalt machina. A specislly designed bal
acraw with actuctars wes provdded fer diving tha
lsaven of the MLC. The end of the colimsting
leovad Wt aitanded by Incomporating the bulk-in
frimmema o mainiin an opiimum source to
dinphragm distancs to minimiz the radistion
bearn parumbre

Tha elactronic/ slecirical componerms Ana
DC geared motors with snooders for driving the
loovas, posiion sensora (potantomotars} and

pther suppoit secironios for operation and
conrol of the lsaves. Qraphical veer IMerfaca

(GU) was mlso provided, This MLO was
inegrated Inte the Bhabhatrondl telacohalt
machine st ACTREC, Nevl Mumbal for lealing e
mechanical, wlecirical and radiological

Tingatan bazad MLC devwsiopsd ko
Bhabhatron-| slecoball manhins
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Dig el Redolwrapy §imuistor

BARLC has devaloped the technslogy for
ndpmowm Dighal Radirthecsy Slrulaer for
iecalation of tumor, radiothsmpy planning and
tresirrvent plan wardfitedion. Reowrily, omeunk was
installod at TMH, Parel. The commissloning QA
etz wers parformed saiiviaoiory. AFFAB has
gvan claaransca for cliinical uss of tha maching.

Chring the cumant fanced yaor the
variols pamme chambers supplied by BRIT
Included: Qamma Chambar GG 1200 to Natkersl
Boianical Resaarch |netitute, Lucinow and o Low
dode Imadiaior muppisd (o RMAE, New Deihl.
Othars thet are t be supplied ara: A Gamma
Chambar 5000 unit through M's. Damer
Hydromatica, Kollata to Banglacoah Inatiuse of
Nucisar Agricultunl Mymensingh, Bangledeeh
for LSS 168,000 FOB; Gamma Chamber (GG
SO0 for RS0, BARC, Gamma Chambaer GC 1200
for D Ambad kar Univansity, Lichme.

Ten urita of GG 800, GC 4000A ard &
Gamma Ceall GC-1200 units wars
deoommbgdonsd und arather 2 units fram 1T,
Chennel and BMAL Jammu & lkely to be
gepommigsioned soon. A new sauros sdreotion
tood was devel opad for mmoving and tensfening
the decayed source fom Gammea Chambers to
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typa B(J) paciages and the same was used at

Karsdy, & Lanka for tranafering OO 00t BLG
100.

bl | & Cpermie brmdlmior

Inemd and Iradimte cparator was inemiad
and fungiional testz wers oeried out suoossyiully.

Hlood Imeclator

Biood Imedixdor BRH2000 units were
aupnlad ard Inetaled ot Rajesy Qandhl Cancar
Inettute, Do, Sumxt Rakdsdan Kandm, Surst;
Apode Hoapital Hydersbad, Another 2 units ans
expacied o be supplied bythe and of Februaryto
LET Chanmpink o be indallsd of APRER,
Pondicherry angd IMS & SUM Hoephal,
Brubanasar

R kogrpiny Ceamers ROLE-1 & 11

ERT supplind 58 rediograpiy sxposun
gavicsa il Dacembar 2012 and another 30

camemns am sqpeactsd to bs sold by March 2013.
50D ROU comoras wore serviced naay 1000
decayed souces ware removed and 800
imparted cavrine wis inapecied for approval of
sourca raplenishment A new medograpity
ogrmera model ROL-Z was Inimsducgd In
Novernbar 2012

Radiedisgnostio & Treatment Servioes

A ltotal numbar of aboput 7000
radlelmmuncassay {AIA) and
immunomadiomstric sesay {(RMA) Kiits wem
produced ard supplled o vardous hoapltaka,
ressarch cemtras and Immunossssy labomioriss
in ncllp. A Labarstory et BRIT Vaeh Cample
schlevad UKAE (United Kingdom Accradistion
Horviapa} wocredEation and intemgtions]l Qualiy
Etandands and cartification.
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BRIT Vashi Complex and Jai Research
Foundation (JRF) faciliies, Valvada Gujarat jointly
carried out a contract research esrvice pertalning
to Chromlum Releass Assay. Ahout 600 samplas
were analyzed for Immunotoxdcity studles using
chromium release assay using in-house 51Cr,
Development of IRMA procedure for human C-
peptide Initlated last year was continued. A
prototyps kit was dasigned and evalueted for its
performance.

Regional Center, Dalhi carried out
production and supply of around 52,000 mCi of
varlous ready-to-use *™Tc Radlopharmaceidicals
injections in compliance with GMP and RPC for
diagnostic nucilear medicine studies in 21
hospltals In Dslhl and NCRreglon. Rstall outlet for
radiopharmacauticals (ROR) Delhi suppiled 1300
cold kits for preparation of various ™"Tc
Radiopharmacseuticals. Developmental work on
*mTe alendronate as an altemative bone Imaging
agent and reinduction of *"To- Ciprofloxacin was
In progress. A renoveted class 10000 laboratory
for production of radiopharmaceuticals and
labeled compounds was nearing completion.

Reglonal cenire, Bangalore supplied 72000 mCi
of ready-to-use ™ Tc formulations. Around 600
TCK cold kits were sold through retail outlet for
radiopharmaceuticals. 1700 Blood bags wers
Irradiated using Bl 2000.

Regional Centre of BRIT at Kolkata
worked in collaboration with
Radiopharmacsutical saction, BARC, VECC,
Kolkata and Indian Instiute of Chamical Blology
(IICB), Jadavpur. Natural Mo foll stacks {25-100
micron thick) wers irmaciated at 15-18 MeV proton
for 5 min, 1 h, 3h and 6 h to etudy ""Tc production
through 100Mo {p.2n) resction In the cyciotron.
Ovarall yield of ™ Tc was about 80%. The purifisd
**Tc was found to be sultable for preparation of
""Te-radiopharmaceuticals after quality
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assessment The work was camied under the
IAEA CRP

An automated closed cyellc module TCM-
AUTOSOLEX for separation and recovery of
various isotopes radicactive or non-radicactive
using sohvent exdraction technigue in particular,
for separation and recovery of ®™Tc from low-
medium specific activity Mo obtained in the
research reactor was Indigenously developed
Jointly by VECC and BRIT, Kolketa A 16-bit
micracontroller bagsed embedded system was
dasigned indigenously to automate the entire
process. A PC based Graphical User Imterface
{GUI) was alsp devsloped, A protolype was
installad In BRIT, Kolketa and several cold runs
were carrled outand demonstrations done.

T — —

v

The AUTOSOLEX radicchemical process assembly
nzlde fumold Screanshot of PC base GLI far
ALITOSOLEX contral
ALTOSDLEX elestranics assembly ingide 19" rack

*Ge-"Ga generator - “Ge was produced
by Internal Imadiation of natural zinc target using
an a beam of variable energy cyclotron. "Ge
production yield was 0.88 pCi/ pAh. The suitability
of “Ga was assessed by labeling EDTMP with it.
The radiochemical purtty of the labsled "Ga-
EDTMP was about 85%,
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*Tc-HYNIC-HIS3-TATE — octreotide
analogs of paptldes find Incressed Interast In
nuclear oncology for targeted tumor diagnosis
and therapy. New cyclic octapeptides conjugeated
with HYNIC were prepared using Fmoc solid-
phase peplide synthesis, The purified analogs
wers labelad with Tt using Tricine and EDDA.
Blo-distribution and Image studles showed very
high uptake in kidney which can be useful for
devaloplng *"Te-radlopharmeceiricals for
Imaging somatostatin receptor-positive tumors.
Tha work was done In collaboration with lICB,
Jadavpur, Kolkata. Retail outlet for cold kits for
radiopharmaceuticals at Regional Cenirs,
Kolkata was Inaugurated In October 201 2.

The Reglonal Centre Dibrugarh locatad at
Assam Madical College and Hospital rendered
the RIA and IRMA diagnostic services for the
benefit of pationts of the entire North-Eastem
Reglon. More than 10,000 patierts avalled the
sarvices offerad by the cenira for analysls of
hormones llke T3, T4, TSH, LH, FSH, PRL, beta-
HCG, Ferritin and insulin.

Labslled Compounds and Diagnostie Kiie

Labelled Compounds Programme of
BRIT Is Imvalved In the synthasls and supply of a
variety of “C, *H and *S-abslled products, which
are powerful and versatile tools and are used as
radlotracers In diverss Invastigations In the fialds
of blology, agriculture, medicine and chemistry.

The production and supply of tritium filled
light sources of various types for defence
applications met the desired requirements In
milltary gadgets and Instruments. Custom-
aynthesls of a few compounds was canied out for
some R&D organizations. Carbon-14 labelling of
Tulsi and Brahmi plants were camied out using
14C- urea for a DST project sanctioned to
Haffkine Institute of Research, Tralning & Testing,
Mumbal

142

A gel based PCR diagnostic kit for
detection of M tuberculosis was developed in
collaboration with RMC, BARC, Mumbal. Real
time PCR basad M tuberculosies detection kit
devaloped at Jonaki will shortly go for evaluation
on clinical samples. Additional Real time PCR kits
for determination of load of viruses like Hepatitis B
and C, and a few cancer markers like EGFR, BCR-

™

Labeling tulsi with “C- urea for Haffkina
Research Institute

ABL are in the process of development. A
thorough validation of the Rsal time PCR
chemistry developed at BRIT is also approaching
completion.

|

Total of 1508 consignmeants were supplied
which comprised mainly ®P nuclsotidss, P
orthophosphorc acld, ®S amino aclds, LCK Kits,
Tag Polymerase and FCR Product,
radiopharmaceuticals cold kits (TCK products)
and Rs. 208 Lacs was samed as revenue. Food
Hems were monhtored for the presence of “'Ca
and "™Cs. Water samples were routinely analvsed
for gross alpha/gross beta, uranium, “Ra and
*Ra contert, dspending upon the requirermnert.
BRIT alzo carried out 12 surveys for certification of
surface radiation dosa of stesl consignments.
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Radio Analysis

The meesuremant and carification of
residual radicactivity In commodities such as
food samples, animal feed supplements, steel,
water and soil samples and other miscellanecus
tems were camied out at the Radloanalytical
Laboratory of BRIT at Vashl. Seting up of
Radioanalytical laboratory at BRIT Regional
Cantre, Bangalore was completed and AERB
accreditation procedurs wag In progress. Work
related to setting up of Radloanalytical
laboratories at BRIT Projact House, Deonar and
BRIT Regional Centre, Hyderabad were also
initiated by BRIT.

Radistion Sterllization Services for Medical
Products: ISOMED

About 82000 boxes admeasuring approx
7000 Cuble Metre wera processed Inthetaclilty. In
respect of terminal sterilization of healthcare
products, the average plam uiilization and load
avallablity was 98% and 100% respactively. The
faclifty operated round the clock and ensured full
compliance to the requisite statutory
requirements of the regulators / certification
agencies. An average customer feedback rating
during the course of gamma radiation processing
gsenices was mantalhed above B85%. Source
Strength in the facility was augmented by 68% in
November 2012, to faciltate swift radiafion
processing of the customaer's conslgnments. The
cumant Source Strength In the faclity ls around
400 kCis.

New Projects
Integrator radlator Developmant Project

The Objectives of the Praject is to upgracle
safety and security features in the RPR, Vashi and
ISOMED facliiees and to sst up an Irradiator
Training Faglity for training of personnel for
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operation of irradiator. The project saw
completion.

Production Facllity for "Mo/ ™Tc Column
Generators

The project objective s to st up a new
automated facility for production of “Mo - ""Tc
Column Generators using high speciiic activity
Mo-89. The Installation of the facllity was done
and the projact was complstad as per scheduls,
The cold runs were also completsd and AERB
approval was obialned. As planned, the new
product Coltech was successiully launchad Inthe
market.

Stale-oi-the-Ari Immunoassay Facllity

Procurement of foliowing equipments
such as Spectrophotometer, Dehumidifier, Muli-
wall RLA counter, BT reader, RO water system, T3
antibody nesdad for development of
Isotople/non-lsctoplc assays was done and the
Laboratory was partly refurbished. The project is
aexpacted 1o be complsted by March 2013.

indigenous HDR Brachytherapy Equipment
(IHDR)

The progrees made In this project
Includes making of second prototype of
KARKNIDON, HDR treatment unit which
undernwent mors than 50,000 cycle of operations.
Rellablities and robustness of stepper drive,
safety Interiocks, linear accuracy, repeatabliity,
hardware and software were tested and
rmcorded. Weaker components and sofiware
carrections are incorporated io ensure
conformance to coda. Tha saecond machine was
upgraded systematically and it was found to be
much superior intechnology.

A sultabls stesl applicator was developed
for the traatment of cervical cancer and
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Protatyps of Kerknldan — HOR: Trastmaet
Link for caricas
dwvalopment of Trestment plarning software for
KARKMIDON was inktiated.

FaclRy for production of medcal gmde
Flealon Molybdenum

The profect consiats of metting up of &
Ste-oithe At GMP compliant faci Ry capabls of
praducing 300 Gl (8 dey pre-callbisted) par woal
Sahio utildng LEL tanpsis. The scope Includes
commimiioning of maodern hot calla equipped
with manipustomns, in ced aquipments, mdistion
survelianps insrumeniation and duie logging
system, apacial AC & vamiation sysiom, waats
maragemam equipments, civl construction of
buliding and satting up of world case qualty
control labs, modern Escurity syatem,
sumsdradtion of rinr bdlding &t Approved alte In
ISOMED Compiax, BRIT naar South Gete BARC,

Work on procurermant of the prod uction plant, on
tumkey basle reached advancad tender
procasing aieg.

Frototype Doppler Opticsl Cohsrance

Temogrpiy OCT) sebup for' wiuiies on non-
Imveaive monitordng of the hesling of woumnds

At RRCAT, a Fourkr-Domain Dopplar
Optical Cohearance Tomagraphy (OCT) set-up for
dmulbanens depth mechssd imeging of the
tanus morphology and blood fiow valocty wan
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developed. The system was validated on flow
phantome and was capable of measuring flow
velocities similar to blood fiow velochies In

perfusion.

Polarlzation-Sensiive Optleal Coherence
Tomography (PSOCT) subjecisd to

photodyranis reatment

Effect of Photodynamic Treatment (PDT)
with pohlylysine-conjugated chiorin p8 (plcps) on
heallng of murine excislonal wounds Infected with
Methiclilin reslstant Staphylococcus aureus
{MRSA) and Pseudomonas Asruginosa (PAO)
was studiad noninvasively using PSOCT,

Optical trapping using opticaelly Induced
dislecirophoretic trapping sst-up

in optlically induced dislectrophoretic
trapping set-up the problem of stablity of the
coated amomphous silicon layer was overcoms by
using organic photo-conducting material
Thanlum Oxde Phthalocyanine (TIOPc). The
results were In good agreement with the
litarature.

Develapment of novel optical tschnigques for
sorting of microacoplc samples

Several new techniques based on
manipulation of optical trap arrays wers
devaloped to sort heterogeneous samples.

Development of eyo-safe flber laser for
potantial medical applicationa

A 135 W, single-transverse mode
Cortinuous Wave (CW) fiber laser operating at
1580 nm was developed using commercially
avallable Er.Yb co-doped fibers.
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Production of Oxygen-18 enriched water

Oxygen-18 | one of the Isotopes of
oxygen having applications In nuciear medicine
and biochemical research. HWB is entrusted for
production of H,"O watar. HWB has emberkad on
distliliation route for production of H,"O at B6.5%

purity

Procass development for production of
stable Isotopas was Inliiated for separation of 180
from naturel/heavy water. Basic cascade design
was carried out forindustrial scale facility.

Englneering, was camed out for the Small
Scale Prototyps Facility for upgrading off-grade
H,"*0 weter avallable at RMC which will elso be
used to generate further data for designing the full
fladged commercial plant. Procurement activity
for prototype distlllaton system was completed.
Facllity ls expected to be avallable shortly.

Procurement of squipments/systems for
™0 water production faclity (Main Plant) was
initisted in phased manne.

Cancer Disgnosatics and Treatment Services

The Tata Memorial Centre (TMC), a grant-
in-aid institution of DAE, is engaged in research,
sducation and comprehensive care of cancer
patients. The Tata Memoral Centre (TMC)
comprising Tata Memorial Hosapital {TMH) and the
Advanced Centre for Treatment, Research and
Education In Cancer (ACTREC) continued Its
activities In diagnosis, tfreatment and research In
cancer a2 well as in training and education to
provide the highest standard of patient care.

During the report period, et the Tata
Memorlal Hosplial, about 58,000 cases of
cormentional radiography and over 8300 cases of
mammography were handled. Around 20,200
cancer surgerias ware doneat TMH & ACTREC.
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Clinical Research Sacretariat (CRS) along
with Department of Atomic Energy Clinical trials
unit (DAECTG) feclitates and promotas high
quality research at TMH. During the year It
provided support in the form of infrastructurs,
frained manpower, study design, siatistical
aesistance, data managemeant and analysls, data
monitoring eto. It alao supporied 15 new clinical
trials through DAE-CTC funids.

Co-60 Telwtherapy Sources:

BRIT supplied five teletherapy sources to
different hospitals with total activity of 58 and 200
RMM. Eleven, decayed sources were unloadsd
from the telstherspy unit= and stored for
fabrication of liradlator source. 172 kGl of high
specific activity Coball-80 for the fabrication of
Cobalt Telstherapy sources were imporied from
M/s Reviss.

Coblat-60 flask for Cobalt teletherapsy Sourca

BRIT supplied 100 om of { =192 + Pt
Wire) with total activity of 644.67 mCl for various
brachytherapy applications.

Cancer Awaransss & Prevantion

The Tata Memanrial Cenire Rural Outreach
Program condudied around 8,600 housshold
surveys in villagss and town areas of Rainagir
District, Maharashtra and about 3,500 eliglble
Individuals ware glven health awareness
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programmes and about 2000 eligible individuals
wore screened for Oral, Breast and Cervical
CAMNCME.

The TMC-Urban Outreach Program was
conducted in slums of eastemn suburbs of
Mumbal viz. Mankhurd, Payllpada, etc. Tobacco
users wers screaned by house to house visits by
TMC's trained paramedical staff. Awarensss
sessions were conducted in the community itsalf
with the help of local NGOs, Corporators, eto.
Counssling through Tobacco Cessatlon Clinle
ware offered 10 the needy. Persons having some
prermalignant / malignant lesion were referred to
Tata Memorial Hospital for further management.

Ag part of ts Information Education and
Communication activiies, about 50 cancer
awareness programmes for general population
were conducted benefiiing around 11,000
people. Around 12,000 Cancer Educatlon
pamphlets inregional languages were distributed
through varnious cancer awarcness Programs.
Other cancer education materials In the form of
Posters, Fllp Charts, Audlo Visual cancer
education clips and Cancer Exhibition aids were
also distributed to Government and Non
Government Organisation afier appropriate
Training.

Under its Training and Capacity Building
programs, about 10 Capacity Building
workshops for Medical and Para medical health
profeasionals were conductad and 30 obssrvers
were frained in Cancer Prevention Control and
Early Detection activities.

Future Collaborations for undertaking
Training in Cancer Comtrol and Prevention was
planned with Maharashtra State Public Health
Depariment and MNavl Mumbal Munlclpal
Corporation (NMMC) 10 establish Cancer Contral,
Prevention and Eary Detactlon Programs for
Carvical, Oral and Breast cancers which are to be
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imegrated with the National Non Communicable
Diseases (NCD} and National Rural Health
Misslon {NAHM) were In progress with

razpeciive organlzations .
WATER

DESALINATION OF WATER

An lsotope hydrology laboratory has been
set-up at HESCQO, Dehrdun under a tripartite MOL
between BARC, HESCO and BRNS to train the
local people as in-house fadility for sphng
recharge related studies being camied out at
BARC. The laboratory Is equipped with advancad
agqulpmeant related to |sotope hydrology
Investigations such as Maas Spectrometer, Liquid
Scintlilation Counter, lon-Chromatograph etc.

lsctope hydrology laboratory, Dehradun

A combinaton of erwironmental and
injected tracer tochniques was adoptad to identify
the source of salinity and understand the flow
dynamics of the groundwater system In and
around Kelwa and Mshim villeges of Palghser
taluka, Thane district.

A feasibility study on the problems related
to water resources management using
environmental isotopes and hydrochemistry was
carrled out In at Chiplun, Khed and Guhagar
Taluks In Rainagirl, Mahamashira In collaboration
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Exparimants to identify the source of salinity

with the Parlvartan, 2 Non-Govammaeantal
Organkzation, Chiplun. An lsotope hydrological
investigation was camied out o understand
groundwater recharge to shallow groundwaters
at Dhamanavne village, Chiplun and at Madhal
village in Guhagar Taluk.

BARC's Nuclear Desallnation
Demonsiration Plant (NDDP} at Kalpaldam,
which consists of Mult-Stage Flash (MSF) amd
Reverse Osmosis (RO) sections of 4.5 million
litres per day (MLD} and 1.8 MLD capacitiss
respaciively was operated round the clock
producing two qualities of product watar. NDDP
was coupled to Madras Atomlc Power Statlon
(MAPS). Muli-Stage Flash (MSF) produces
deminoralised (DM} qualily product water (1-2
micro-sismensfcm) satisfying the stringent
raguirement of MAPS for high end applications.

A project proposel was put up for the field
applicatlons of Indigenous desallination
tachnologles In DAE units. it conslsts of setfing up
a hybwid RO-MED sea water desalination plant of
5000 m3/d at OSCOM (IREL) Chattarpur, Orissa.

High sakt rejecting RO membranes wene
developed In laboratory test cell slze. Nano
Filtration (NF) membranes wers also prepared
guitable for rolling in 4040 spiral module, which
gave close 1o 80 % Solute Rejection (SR) and
1000 LMD flux for salts like Na.80, and MgSO.,.
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Cpearation Oits af Name Plass Capaclty of MEF pacticn of NDDP Kalpsidiam

And - biofouling membrmnes preparad with slver
imprsgration and membrang candies  ooxhed
with the nanocomposite mambrana devealoped
in-house showed good performance with espeact
to hactara ralactian framweater,

The bracikdsh water RD unit inetalled at
Pharane fishar hamist of Rainegid disirict Chiphn

I'H'HIH I H'umaqlrl

148

(Maharashira), 25 a pant of AKAUT programma
for finkd taading of RD sysbym in runl arses was
raciified for wvoitage fluchustion and pump
tripping.

Demiopment of Indigenous membmane and
mambrans slaments

BARC camied out the dewslopment of
indigenowun mambrans and membrane siemana
for denalination and walsr puribcation. Inegrating
vwaisr pirfication unk with renawable anargy
sourcs ls Imperignt for mmals ankss, when
scarcty of power and water co-adain. For sauch
remoia aress, BARC has devsioped a solar
enorgy drivan membrane besod dosalnation/
wabsr purifioation systern. The technologies of (1)
saler energy driven portable domestle bracideh
waier RO technciogy ard {b) siand-alone solar
photovoltale (P driven batteryees uitrafiitnati nn
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{UF)} unit for water purification have been released
for know-how tranefer to Interssted parties for

widar deployment.

Bicycie mounted mobile solar PV bassd Ulre-
Filtration (UF) water purificaion unit

A blcycls maunted mobille solar PV based
Ultra-Flitration (LF) waier purification unk (B0 LPH
capacity) and Brackdsh Water Reverse Osmosls
(BWRQ) unitof {10 LPH capacily) was developed.
Skid mounted Electro-De-lonisation (EDI) unit
was operated on regular basis for performance
evaluation and supplying ulira purs water to users
for high end water quallty requirament. De-
lonkzed watsr of about 17 maga ohm cm resistivity
was supplied to differert labaratories for high end
applications.

Muli-Effect Distlliation Mechanlcal Vapor
Compresslon (MED-MVC)

Multi-Effect Distillation Mechanical Vapor
Compression (MED-MVC) gea water desalination
plant wag operated on regular basis. Average
product weter flow of 2.3 m3/hr and conductivity
of 35 pS/cm was obtained providing valuable

design inputs for larger planis. The installation of
Multl-Effect Distlllatlon Thermal Vapor
compresslon (MED-TVC) sea water desalination
plant was taken up.

3D modsl of MED-TVG System
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INDUSTRIALAPPLICATIONS

BARC made avallable speclallzed
Industrial radiometry and radlography testing
sarvices to different units of the DAE and outside
organizations. These included Radiomestry
Testing of SHC mock-up blocks of 700 MWe
PHWR-KAPPR384 for NPCIL Radiometrc
Testing of the Call walls of Advanced Vitrification
System-Il (AVS-1), Tarapur; Radlometry Testing of
process cells of Waste Immobilzation Plant at
Kalpakkam, Radiometric Testing of Shielding
Blocks for the Nuclear Submarine project
manufaciured under Advanced Technology
Vessel Program (ATVP), Ministry of Defenae,
Gowt. of Indla and speclalized radlography testing
of indigenous neutron detector probes for High
Tempearature Figsion Counters, developed by the
Electronice Divislon, BARC for detection of
possible dafacts developed as a rasult of In-plant
18

Flow rate measurements using
radioctracer {lodine-131) techniques in Saurashtra
Branch Canal (8BC) at Surendranagar, Gujarat
wara carriad out 1o valldate pumping efficiency of
the Concrete Volute Pumps used for pumping.
The discharges rate was measuredto be 20.3 m3/s
against the designed value of 20 ma/s.

A radlotracer Investigation was carrled out
at Kolkata Port Trust, Kolkata to examine tha
sultabllity of a dumping site for dradged sediment
located at south of shipping channel. Scandium-
46 (8Ci) as scandium glass powder having a
particle size distribution ranging from 40-100
microne was used as a radlotracer.

Experiments were conducted In fluldized
and packed fluidized beds of silica particles in the
imerstices of large size alumina pebbles and
lithium-iitanate pebbles. The quality of fluidization
was better In packed fluldized than ihe
conventional.



ADVANCED TECHNOLOQIES AND RADIATION
TECHNOLOQGIES AND THEIR APPLICATIONS

SHRI Faclity of Radlation Technology
Development Dhslon continued o treat the
sowage sludge in round the clock shifts for
hygeinisation of municipal sewage sludge at
Vadodara. About 500 tons of dried hygaeinised
sludgse was supplled to local farmars for usa In
agriculiure. Several state governments have
shown interest and are in the process of
evaluating feasibility of replicating this
technology.

Radlaion processed flexible polymer-
elastomer based polymer matrices were
devaloped for sensing volatile organic
compounds (VOC) to cover entire spectrum of
toxic VOCe, ranging from non-polar toxie
benzeneto highly polar formicacid

Development of laser based cuiting
techniques for applications In nuclear reactors

At RRCAT, a manipulator with two |aser
cutting nozzles was daveloped for laser cutting In
congested environment. This manipulstor was
successfully deploysd for cutting of Q-10 coolamt
channsl bellow lipg of KAPS-2 reactor and an
snomous reduction In radlation dose, ime and
cost was achleved.

Dovelopment of a waler |st assisted laser
cuiting technique

A water Jot asslsted laser cutling
techniqus was deveioped for undarvater cutling

eiration of water st assigth
undenwater laser cutling process

of §5 and aluminilum nuclear reactor
components with high radloactivity level. With this
cutting technique, no turbulence was generated
in the water and it minimised the probablity of
airbome activity.

Lager for clesning and decontamination
applications

A flash lamp pumped fiber coupled
MNd:YAG laser with 55 us pulse durstion, 1.25 J
pulss energy and upto 25 W avarage power was
develaped.

[

Laser cleansd samplas of marble, Zrcaloy and Inconel

Recavery of gold coated optics by RF-Flasma
based cilsaning

A RF plasma cleaning sstup 1o clean
medal coated expensive oplics was developed.
This has made possible reuse of the costly oplics,
which is otherwisse rendered useless due to
deposition of carbon onthe metal costed surface.

Pulsa compreesor grating, a) before and
b} after RF plasma cleaning

Prototype light emliting diods (LED) based
system for cancer diagnosis

A LED based, USB powerad, portable
diagnostic system capable of sequentially
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LED bassd portahle disgnostic system developed
for cancer diagriosis

acquiring fluorescence and diffuse reflactance
spectra from tlssue was developed. A
miniaturized slecironic data acquistion card was
mada for the automated sequentlal acquisition of
reflectance and fluorescence spaectra. The
gsystem is more compact, cheaper and rugged
compared to the nitrogen laser based sysiem that
was used sarllerfor the same purpose.

Fluorescencs [Hstims measuremant probs

A handheid probe has been designed and
fabricated for the measurement of flucrescence
lifstime of Nd doped laser materials by the phase
lag technigue and tested using a high stablllity
function genaerator and Nd dopad glass samplas.

Flucrascence Ifetime measursment probs prototype
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Development of radiation hard GaAs based
phoiocdeteciors

GaAs besed photodetectors with good
spectral response In the wavelength range of
300-880 nm have been developad indigenousiy
using the MOCYD semiconductor growth facility.
The developed photodeteciors have potential
applications Inhigh radlation zones

Indigenously devaloped radiation hand
(GaAs photodetester

Inspaction systems for Nuclear Fusl
fabrication process

A protolype imaging setup for psllet
Inspection has been deslgned and developed

]rmga of a faulty pallst obtained by Area Scan Camera
(L} with Line Scan Camera (R)
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using a line scan camera with GIgE Interface. A
white LED based line light ilumination is used to
uniformiy illuminate a namow width of the psllet
surface. This untt providee synchronlzed pulses
for tha stepper motor control electronles and also
provides trigger for the line scan camera.

Radiolsotope Sources supplied by BRIT
Indusirial irvadiator Sources

Ninety three numbers of Irradlator
gources ware supplied to various Imadiators with

Suu g at Radiafion Pmcassln
Flant NIPRO Setara

Cobalt-80 Rack Design of NIFRO Imadiator

152

total activity of 1100 kCl of which 34 nos. of sealed
sources were supplied for the first time to NIPRO,
Satara in BC-188 type pancils.

Radl Sources

Radlography Sources of 800 Ir-182; 7 Co-
80 and 1 Trn-170 with a total activity of 40 kGCi; 400
Ci and 10 Gi respactively, were fabricated and
supplled to various NDT users In the country.
Radlation Sources custom made for Nucleonic
QGaugas and uses were: Co-80: 32 sources with
activity of 2287 mCi; Cs-137. 3 sources with 214
mCi; Tm-170: 1 source of 10 Gi.

Gamma Chambers

Fifteen numbers of QC-4000 penclls
unicaded from GC-4000 unit supplisd to Uruguay
have been brought to India , The sources wore
brought from USA in two numbers of Type A Isad
pote. Both the packages were sent back to USA
afier emoval of sources.

Five Blood Irradiators (Bl 2000) were
loaded with epprox. B0B Cl of &0Co-Cobalt
acthity In each. A total number of 47 pancils were
loadad Inthese units. For the first time, 3 Cl Ir-182
HDR source was fabricated for the indigenous
HDH unit. Newly installed 3 port laser system was

f ‘ ] :

Radiometry of HDR Flask
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ussd for tha radiomotry of the HDA raneport
fimle.

At Raglonal Center, RAPPCOF, KDTA &
todal activity of 881 kG in 17 sub sessmbliss was
pracesasd and 1170 ki of ecthity waa
rameporied In 12 comignments. Ancther 6
canagnmanis with 800 kiA are mpected to be

tranaporiad in March 2013,

Special pormiasion far tha transpontatdon
of the absorber mds were talen from AERS and
alght Co-80 abaarber roda 'wan tranaported from
MAIGA o RAPPCOF During the year four
phaader rads ram RAPS-2, sight abpardee rodk
from RAPSE-3 were unicadad for tha fabrication of
the Imadistor sowross.  Fiftesn, W91 sources
weore bibricgied & RAPPCOE Two toams of
RAPPCOF succesefully camisd out source
load ings et OGFLand JCPL, Bhiwad

ot Appd ostion Servioes

Varous redicisotopes, In ssaled form and
apan sourcea wara used far aaveral
troubisshooling applicationa in  Incusiries.
Ragbotracer lechnique was succeaiully sed for
lsak detaction in sorias of haat schangem =t
Chernal Petroleun Corporstion Limited (CPCL),
Chanmal and Bharat Peiroleum Corparaton
Limted (BPCL), Mumibal,

Fisosment of dsimators (n heat scchengers for
natk catelion &t CPCL, Chennal
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Tangental pips profiing in prograss ot HPCL,
hahe,|, kymbal

The lesalkcy heat scohianpers wore [deniiied
by on-ing radialsctope techniguen ualng B28r1 an
miraceL

Gamme scanning of procesa columnae
wis oaurked ool bry uidng sealed sounds 800G In
varioum refinaries end chemical ndustrioa for
troubieshooting. The technigue provided or-lne
and fast ldentifcation of problamaths zones Inthe

procass column.

imerface detection of mydrofiuorc acid
{den=ity 0.98 pioc) ardd hydrovarbors {densiy
O.B4 pfec) was succemiuly camed aut n a
clossd ydofiuoric ssitier fank for Rallance

%

Fealiars Ircusiies Lid,
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BASIC RESEARCH
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400 kY accolamator dome and accelemting nube



GHAPTER &
EASIC RESEARCH

The Daparment of Atomic Energy hes
combibuied significanty towards strengthening
basls reagarch In Indks. Tha Dapartrient puriies
basic resaarch in e RAD centres that rangea from
mathematlics o compuiers, piysics to astronomy
prd Bialogy to cancars. ok providee grants-in-
akd to edght Inetiiutes of national eminance.
Following were the mmjor ectiviiee ang
wohlsvgrrsnts of DAE In bask resegrch, during
tha pariod of report.

MATHEMATICS &
COMPUTATIONAL SCIENCES

VECL, In oollaboration with Wabal
Mediatronica Limted, Foleis continued the
development of solwars for the haaring Impalrad
parsons. The softwers ‘Mounbam 10"

ranakdes input Bargla ot B sign lnguags wis
releasad. The prassntversion ia "Mounisam 21",

The scibare wak dlatriBulsd fres-of-oge
to sovemnl deaf schools within Weat Bangal.
Basad on feedback tha scops of the softwars waa
prhanoed. Simiar trantixior softerrs with the
input text In Hindl waa oo develapad 1 extend

oEl [ (T W e
| Wt & we a, b
i v (et e ) e
L]

Craphical user |merfaca of the Hindl
vorsion of Mounisara 1.0,
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the ussiuineas of sich sofwears In the national
leval E-boolke for the primary school chidron
basad on sign languags wers devaloped.
Barnpparichensll, Kishaluya and Sehaj Patha
have boan dewoloped tll now. A leason on
convarsabon In sign language was alsd
chireait pipd.

At TIFA, the famous Zareid-Lipmean Conjechire
wexs prorsd In rmarny oases by o global npprosch,
diferant from all the previous mathods,
Aspressnintion squivalent attices in products of
raal and p-adio Lin goups wers imvestigaied.
Moncdrony groups ware shown o be Arthmetc
Inmany cases,

Tha powsr of sequental decodng for
channal with classical Inpint and qusnium output
was studied, and a stretegy for achieving sdsting
capacity Bounda wih devsloped. An online
algorikhm for throughoit meximizetion In green
communication with snegy harvesting nodea
was soqeoved, The Conost Queding Garme with
Randoem Arrivals was analyzed. A
charactertzation of sutomaia and decialon
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pompimdiies for unary wurtimed and tmed
wmparal kygicewes ohtolnod.

At BINF, the sigsmmiue problsm of the DN
typ of Calogare model was sobhed by mapping it
to a st of docowpled quamum harmonic
oscliletors through s singueiar simliardty
trangformation. It weg shown that the
pigeniunctions of such Calogere model can be
constructed from thoss of bosonic hammonic
cesolliatons hundrg sl 2l e paudty or Al odd
parity.

Thee bievsi denslly distibutions for a dams
of 1-dimenslonal classical varte modsla nalated
to Haldena-Shasiry Tia spin chalne wers studisd.
Work was: dome on iopoiopgioal defects In
graphens in the pressncs of an edemal change.
Both the sub and suparcritical ragimes of gapless
ard gepped gaphene wers shudied and el

Fhopssy of madier at the Planck scale,
whire quanhen afisot of gravily are Impartant
wors siudiad. The twisted statietica of quartum
fisica In the vicinly of & noncommutative Hack
ket thye Plarsode sosdvwnirs imassiigated.

in gquantum fisid, the on-going work
Inoluded the study of ocomeladors of the
tepoleglcal charge daneity and the
auteccormelstions of 2 host of chaerebise ke
pauge plaguette, YWison loop, plon and meciean
propagatsr, and wpological charge and
suscoptibiity, with the DomainDecomposod

Hybrid Moms Cario aigoriihm,

At HR, tha reanarch work apanned the
domaims of number theory, algebralc number

tiwary andl unsfyshs wnd geomatry.

Rssearch on Lfunctions sasocisted o
Rk Forma wak In progmess. Woroass ooantinuesd
on #aMe Zato-aum problams with welghie.
Pogess wis made In somes Ramesy-type
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problems for finite colourdngs of the Eucldean
plana.

MNeorm form Hophantine squations cver a
Hing of INtupere of a quadratle: number Told wao
shxied and soma now reeulim In thie drection
were obiained.

Wark was done on geometric
quenttzaiion of compact Kahisr manifolds
obstalning new denditles from Ramearaujan's
Idantities ueing the theary of minlmal surfaces;
interpoiation babwaan bwo real anshyiic curves By
minimal surfsces, Work wes done on geometio
praquantizetion of path apaces of a geometrically
praquantized maniold.

Insthute of Mathematical Sclencas
continued e ongolng projects of Mathematics
Education on Mathsmatical Sclances wihout
Wells; devaloping toals far dhmamical modeliing
of G alagans neuncnal natwork ectivity; Imarplay
of nor-irmar ity with quamum effecte end cune

goametry; INO Project and Poleritid Theory on
infinite Netwaria and Traes.

Tha Sohaal of Muthamationl Salances at
MNISER continued s taeching and resaanch
acihviies and conductad saminers reguiary.
NISER hass atadsmio mperdiss n harmenio
analvek, aoporator thaory, roprescntetiona of
gmomstrian, number theory, cryptography,

algebreic graph theory and probsbiity theory.
Oustending mathematiclane from acroos tha

world presanted thelr leteat rescarch findings in
varioue fislds of mathematics In e seminars.
Schosl of Methemaiical Scances miroduced
girong curricuium In the filds of appled
mathamatics, financial mathematice and

oompber sl enoe
PHYSICS

An eperiment to quantfy the damping of
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the nuclear shel offect on the nuolsar vl
cha ity with tormparalu ha W cairiod out ot BARC
by unaing & langs plastic dstector armay to messLrs
neutron time-oMight apscira fom *““Pb and "W
uning the transfer—usion ('L} reachon.

The evolution of tha GDA bullt on excied
mimisa over & wide range of anguler momanium
and fempemhus in “Mo+"5 fusion wes studied

o Irvmstigaie the apploabilly of e thermal
shapa fuchiiatian madal.

A program o meamire neutron induosd
fiealon crosa sectors for varioue natable
actinids lsotopas which are produced in Th-U or
UFu fusl oydes by e suropste meaction
method veing *"U Induoed trarsfsr fumlon on
atabla Th and U targets wes plraied. The Realon
cross pactions for ™™ Pa, ™ N, and *Pu, Inthe
neutron energy ranpes of 10 - 16 MaY were
maxtandd and compared with statietionl madal
pradictiona.

Samma-ray speciroscopy of neutron fdoh
nucled, populated In thamal meutren induced
fisglon of *™U &t CIRUS/Dhruva reactor taciites
wia fnlem up. OfHine decsy spectoacopy was
camied out. The decay of “Ba to levels of “La
wipd Hudisd uging 4 Complon suppressad high
purty Ga clover detactors. Heslon dynamica of
micitad, heavy nucial waas shadlsd from the
maseursmsnt of near-salssion o-partiols anemy

apectra.

The Naticnal Feciity for Meutron Beamn
Resaarch ot the Dhrne nucisar reacior wos
utiizaed by both DAE and axtemnal wsers
mipported by UGL-DAE-CER and BRNS. The
unthrtying phoymica of the apintronics behavicur
wial undamstoad by mudying thel coms-ahedl
miructure smploying the smal-angis- neutron
sastining mohnicue.

BARC s 8 major colabomsdor in the

1=

Compact Meon Soclenokd (CME) heavy lon
axpaimant at CEAN, Lamia Hadron Callider

(LHC), and hes participedad in the Fo+Pb and
p+p data snalysis. Using Po+Fb colision dade,
the signde from the dimueh chennsla were
adractad for e enaksle of various quarkonium
shates,

Tha fimt Instance of recprodty and
uniiarity In the ecattering from & non-Hermitien

oompax Payrmmairs pokntial was found

High prsasura phass atablity and
aquektion of state of aoiinides amd their
compourda (Am, Cm and PaN), s wel oa
Molscular Dynamics (MD) almulationa to
undasr=tand high pressume high tempsratim
pamarphiem and melting I tentalum wera
carmied out Bxdensive mudios of the structural,
alcironic, vibnational and elastic properties of
diamand in the Mbar prosus rangs wins caniad
ot. Gimiler studies of a variaty of condensed
phasa syvisms such as ciywinfine amino acide,
agring ard gholne under présirs ware alag
camied out to elucidats the varations In tha

myirog en bondding [n thees compounde.

A syetomadic Roman spectroacaple study
of thorum based nuciear fuss wan camled out to
demaonsiraie non-destrustive composition
analyeaa of propossd nudear fuak ke ThO A0,
mbdure and Simulated high-bumup nuciear fusi
(SMFUEL). Raman speciroscopic studles of TNT
bacad apioaven wers cairtied aut 1o Ineatigote
meiting snd decompaoaltion.

Single crystale of Ag doped LLE.O. wera
graown for a poaslbla use In senaltiva
thermoluminescence and optically stimulnied
hurnirvssoiros based dogimehies

A now process waes devwsloped o prepane
optioally trarsparent cemmios (OTC) of the
CaF_ Mn and CaF_Mn+Cae. Thaea caramica hansg
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shown good sencihity and linearlty as
thermoluminescant doslmatorns.

Tha TACTIC gamma ray telsscope st Mt
Abu v deployed for chogrvation of o nimbsay of
Active Galectic Nudel to moanitor thair faring

rctivity in the TeV {1 TaV=10" ¥} anangy rangs.

Manulectuing activities reletod to the
varioua sub-syatorma of the 21m dameter Major
Aimospheric Cerenkov Experdment {MALE)
parme-ray imcope progresied wel. The trial
aspembly of k8 machanical structuna which
miarted st Hyderabad wae at an advanced stage
of oomplatian. A probolype of the 18-channal
detactor moduls wie sesamblad and ke prosonthy
undargoing deinliad testing. Arcund 870 mimor
faosts wors manuiacthuned and quadfled for
daploymant on the MACE tulsacapa.

At RACAT, the sxperimemis wers oamied
out using plasma plume produced from the
abisifon of mylon terget by focusing 8 sacond
harmonic of Ndt YAG |asar with 40 mJ ensigy, 12
e duration to a peak Intenstty of 10"° W-om™. At
tha optimum interactian conditions, & high gusaliy
slectron beamn, with snergy arcund 10 MeY with
uas-moncenestic fexhure was producsd,

Boso-Einstein condenmstion (BEC) of
mtoma has basn obsarved in laaer codlad “Fb

gtams. A doubls Magneto-Optical Trap (MOT)
satup waa developadforthia study.

The first sxparimental glamt dipole
repanence {GDA} width epberetics, n the
temperatuira mghon DB-1.2 MeV for "1, o rear
Pb nuciaus was canled ot 8t VECGS 10 Investigate
the evolulion of the GDR width In shall sffect and
pairing dominadsd regnn.

The kow hying atates of cdd-odd ™ having
thress proton pariicies snd three neukron holes
with reepect to the clossd shall configurtion of
""9n wera charactarized fram decay
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spectroscopy. Ths He times of exched sintes of ™
wang mpasnred uging solntibdons.

The picosscond IFsimes of the mxited
levala of odd-odd '“Eu wers measured following
the mirmar symmetde csntrold differenos
wechnique utiiEng the unique combinetion of
moderate snagy resckiion and & very good fme
resoiution of a LaB, detedion Beled sales of
*Eu ware producsd by (8, 2n) reaction with 32
MoV alpha baams.

The bala gamma salnadencs teehnigus
utilzing tha bata reapanss of & thin widnd ow planar
ssgmented Ge& LEPS dstector for the
rmessursmret of endpoint srergles, wen forvery
waa i bata hranching was achioved sucrsachilly.

A now lsboratory for abricstion of neutron
detecior wak devploped aof VECC Seweral
neutron tme of fiight (TOF) detectorm of
dmansion 7x 5 were developed and a debecior
with new design waes fbricaisd on the hoasis of
A&D cosriod ol on varoua deaign aapects of
nsutron deiecior made of liquki scinlatom.

Far the Charged partichs debssior amuy
(CGPDA), a dean raom faclity of clesa 100000 waa
developed for Stormge and mourting of allcon
cistectors and Cal(TT) onprdaks. The madhariiosl
siruchirs of the forward part of the armay waa

completad.



pchmnical amuch.rg of the ionand part and forwand Army telescopa with housing

Tha Mlagred-Oryoutat of Penning kon Trag
housing the Penning tap essombly was
commissionsd af VECC, it was kept af Bguid
halum temparahire for quite same time and
cryostat wiabiity was tested for quenching sffect.
The 8 Tk aiperconducting megnet aperatod
successfully In parsistent mods. Hectrode
Asxermbly designed &3 par almulation shudles was
fabvicated and high pracison machining of
copper sisctmdes and MACOA rngs was

Penning lon Trap Elctrods Assembly
tabricated at VECO

Heavy quark snergy loes In a decomined
madium & ite sffect on azimuthal ansotregoy
was nvesrigatad furthar & detallsd nvestigation
of aystem slzs dependence of nuolear
modificaiion factor and azimuthal anisotropy of
ot quenching wes sthudbed.
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Laser wolding of coppar wire 1o slecirode

A mogel for projecille fragmentetion was
davelapad. In an importart stxly, sqguivalonce
betwwen the canonical and grersd canonical
ehsamibes was astabished for fragmantation of
finfts nuciel. In another Imestigation, the mtio of
syrenptry snsngy oosfiolent B Bmperstun wis
extracted from diflerent presciptiona using the
Botoploss wisl 2 the lsobario yiekd detributione.

Considemble progrees wae mads In
divaloping ectheinced deleler oysieme. The
allcon delecion aa the detecting slemanta of the
Forwird Calorimaiy (FOCAL] in ALICE upgras,
daevelapad In collshoration with BARG and BEL
wore teebed st VECC and CERN successiully. Two
typaa of readout syatom one based an MANAS
and the other basad on ANUBANBKAR ABIC
develaped ut BARC, wers umsd
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. !
Hhﬂmmpfﬂmm
detector st VECC
A dn Charged Parfics Debeckr Array
{CPDA) vas developad st VECT o undersiand
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basie properties using supsrobpnduating
eyeiotron baam.

A support struclure was designed for
mounting the detectara for the required
orfentation Simuiation for demamting a singla
housing wees camed out with CAD modsiing
sofeang. Support ring crom eactions e
doaigned such thaet the rings wers comalnad
antirely within the non imiererence zone. The
bass plates anml stanch waes also deslgred with
the aame principlae.

TFR vontinued ks messroh activites In
phyaica and naw algnals for 3USY wans propossd
and avalusted using Inpuis from existing Tevairon
and B-lactory data.

A nano-alactromechanical mystem
fashionasd out of an Incommersurates chapge
daraity wiveg {COW) systam wes studied
theoreticaly and experimentally, resulting ina a
new wey of siudying CDW metedals on the
nanasaale. A theorstical model of proporionsts
growtn of baby andmats was aled studied.

Chem-Bimong Theoriss: were analy=wd
and their grovity duals wora caplored. Varlaus
aspacis of the AGE/CFT In condanped matiar
plirvaios were aiso studied,

The firal observationally daterminad
velochy distrbution funclion of gaiaclic Derk
Maitor (D) was abtalred. Clssarvaliona of X-Ray
clusters woio usod 1o ostimsto the amout of
fsadback snergy In cluster ges. Detalied
corparnon of Morbe Cara vl Fehar mathod of
forocasting cosmology commirainiewan done.

In Astrongmy and Astrophyalos,
Instrumama for ASTROSAT wora fabrdcated,
Detectorn for hard X-my sstonomy ware
deiaped. An Infrred Specirscopl Imaping
Survey (R21E) payload for en Indlan Smal
Satellis was davelioped. Near inframed Imager
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and spectrometsy camera fabricaion was
completed. Near Infrared Imaging camam
davaloped In-house, wan succasshdly ussd for
scisnce chearvations, A wids varlely of problems
relatod to soler physics, salemology, high snengy
antropiyeics, biack holea and aother compact
objacis wers imvestigaied.,

Long-tarm, syatamatic obsorvati ona of the
solar wind using Interplansiary scintilstion of the
3-D sevialustitan of tha solar wind denalty and spesd
wert bllowed Imestipations. GMAT was used 1o
piacs atringert imia on the mdo amission from
wodra solar plansts, 19 wal 45 B Ty ot & Survey
for aupramiovae namnanta and pulsans in the plans
oftha galey. Sevanal new and sxotic pulsamn have
besn disooversd by ssarching for pulsstons
askscdeted with sources Martifed by the LAT
inatrument aboard tha Formi satadke.

Obaprvisticona of the nauiral ndragen ing
largs, mystamatcailly sslected sampie of
mdramody small nearry geimdes wore umad o
wideestand the conneotions bebawsen star
formation and gas In the closast anpiogs 10
primordial galdes. Beanslive. high reeoiution
e contruum obssnatiorss of msadsy spiml
galedos ware used to study the radioFIR
cormaialion on small scalea and the difusion of
eoamiorays inthess spiral galocy disics,

Etudies of neuiml mgrogsn absorption
arising from galdes in the distant unhvess wers
uaad to datarming the svolution of tha cold g
contant of gakedos with cosmic nedehift Accursts
measuraments of tha md-shified isquancies of
muliph atmobing speces wisg aleo uekd B
place conatrairts on tha evalution of fundamental
corataTs with mdehit. The major upgades of
viriows sub-systems of Glant Meiressve Raclo
Telescopa {BMAT) progreased further.

CME Bgperiment &t the Lange Hadron
Colldar In CERN, Geneve, Swizarland collected
2011 of imtegmadad lumincaky. Evidanca for the
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Standard Modsl Hgps beson was presented, DO
Expadiment af tha Tovetron proton-antdpraton
colidar, Farml Nafioral Accslemdor Leb In
Batwin, llincis, USA compleled 30 years of
running. Thens wao ales an evidence of the Higge
koson in the masa mnge 116-140 Gall

In ruchar physics, o tims-clapendent
bond-hardaning procoss wan <acoverad In a
polaiomic molecule using few-cycie pulses of
Intense B0 rm light. | wis demonsingisd that
aligned carbon-nanctube amaye are oficlent
transporters of |Eser-gansrstad maga-ampene
aliron curmants ower distanoes &3 lgs a3 A
miliimetar. A compact laser-driven plasma
accalsrator for MaV ansrgefic neuimnl stoms waa
demonsreted, A neuinl elom source was bullt
besad on laser generated cluster plasmaa, with
100% faat siom convarsion afficioncy, anabdad by
Rytbeng roqctind clusters.

In Condensad Matter Physics, the TH:
apacioecopy esiup was redesigned to enhanca
the emiied radlation. Dirsat svidenoa of
intarcalation in 4 wpological Inaulator wmad
suparcorauctor was presermisd. The affecis of
T3+ Additiors on the CrysialEalion of LaF3
Manocryetals In Oieyfluoride Qlessas wera
Investigaind. The Au nanoparticia uptakes (wkh
different capping agenis), interaction and
accumulation on nofmal and cancaroue humen
call were siso shuciad,

Tha experimantal sctities at SINP added
nesy deta acquinkion systam to the tolamak and a
ney micnsene Souce WeS procursd for the
MaPLE device. Some interssting nesults war
obtained on the plesma propuision experiment.

The oorrelations babwsen sleairn dpols
palarizablity & the nautron-skdn In 208Pb nuclaus
hava baen studisd using sevaral non-relathvistic
and relsthriatio mean-Tekd model.
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Thermodynamio propariiss of suah
mattar bagod an feld theony at Anis tenmporatir
and baryon densmity, and aiso other
phenomenological aspects of very hot and denss
riatior creatod b Peey-lan collslons are baing
pursied The mirangonass —2 sactor haa baan
imestigated by studies of the {K-.K+] reactions
o e arscd Peiuseier recie.

At HRI the research activitise wers carrisd
ot In el g or s of Plyalon and they wers
Aatrapityeics, Condensad Mattor Physics, High
Energy Pimlca, Guamtum Information and
Computing and String Theene The asimophysles
group carled oul mesklromant of the power
spectrum and the bl-spactum for varous
infisionary modals were oamied out and In
genoval relathvity, verious sepects of quantum
fialda Iin curvad space Uma wane siudied.

The Condenasd Metter Phyaica group
worim In many araas such an Gtatimtical
Mechanics and Chaos, Strongly comelatsd
Sysdermes el Cold Aloms, Masosoopio Syatems
and Spintranics, and Electronic Siructhre and
Clusters. During the year the guantum
formation and computstion group at HA
produced 15 meearch papans. The mambars of
the airing group undertool B study of the decey of
mzashe fakls In de SHer spaoe.

The High Energy Fhyslcs group
cortirued o focus on systemmtic shudes of
phyelcs algnelo at the Large Hadron Collder
{LHC), the biggast aver imamational epadmant
in the history of fundamental sciance. Work on
mipnymaltnic adesons of e Standan
Modael and the impications of 2 non-atandand
Higge sscior and sxira space-time dmarmslom
wirs abo oarred aul.

The Insithds of Phyalca (O continued 1o
purtue reessroh (n Siring theang, Cosmol agy and
Paricla physics. Soama of the topica of recem
interest are geuge [ grevity duslity, black hols

184

Phiyskes, anlsoiropio peast law imlation, different
aspocts of roltivistic eawy lon collslone, and

dual superconductor modsl of Hedronkestion.
Connectlon between phase transition In
cosmology ard Condenaed mather s natom slich
e Iquikd crywial baing imvestigated. In high
ansgy phenomenology. cross sachon procasses
of ang loop which ar important for arelyeis: of
LHG datawers atudad.

IOP gho fooused research on noolsar
siruciure and nuclear reacion. The mechantam
for the formation of super haavy elamenta n

astroptnaloal objsols, nuolson-rucisus  amd
nuchue-nuceus reaction, and study of cduster

decsy propartisa wam pumsusd. Studisa on
qpaarTium informstion were also carisd out.

Major acivides on oporimentasl sida
Included studies of sccelorator bassd material
scince, surtece and interface phgice and nang
systome. Anakmis of walence band slactrenic
siruchrs and band mapping of tnsition melal-
oxlds gompounds uaing photoslestron
spacirecopy waa undertaken Mow feciitos Bka
SUAD-YEM and speciml reeponse syatem for
shuclise of magnetie and optioal properties of
matorials wara alao acddod.

AL NISEA, Tha School of Physioal
Sclencas continued to provida reesanch activitios
and the arsse covered included High-enargy
physks, Condensad-matter physkes, Bose-
Ermtsin condensation, nonlinear optica, Loaoer
Firysica end Mano-photonicas. The five year

Integaind post gaduste progmmmes and ona
rimaarch wirk nehuiid courpes oem core ares

of physica such ea Clamsical Machanica,
Quantum Mechanics, Elsctromagnetism,
Sigthsting Machumbs ain.

CHEMISTRY

A procackure was devaloped at BARC ta
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prepare stabls compostie beads contalning TEY,
by preparing croes linked chitasan-TIO,
compoalta beada. Thase compoaita baads were
proparsd using localy avallable thenium oxide
and noturgl podymer chittsan (dered from
shiimp shals), making k highly coat effective.
Both nano-TH), and the chifcsan-TiO, besads
showsd wopllant artimony plolas undee wide
ranga-of saiution pH (Inital) .

A two dimenglondl Infrared (2D-IR)
apectromabter was developed around o 1 kitz
ampiiisd fermto-escond (fa] loeer syntam. The
inftarad xser puisa uead for the swmliation of the
sample was ganarated In two aplical paramatric
ampiifiams (OFA).

For developirg angle sours molecuker
precursore for semiconducior nano-matednls
ard thin fiims, the chemixiry of 2sslenc and 2-
Tl o pyridines wee axqbyred.

Organctin pyridylzalsnolates woare
gyritngeized e the preparation of tin aelenide
nano-siructunes and thin fine.

Lumingssanos from cormploass of group
13 matales wos axplokad for anganic light emiding
diodss. Organo-galium and -indium complaxes
with dianlonka tdentate Schiff basex and

banzaazake ligara wers preparad.
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o weide ZnY) nanoparicies wom
symeheolzmd by pyrolytic and gel combustion
methods and chamcterized wming different
fschnigues. The sfiicency of the nencparticles
with respict to serption of difarent tende spacing
Ike chromata lona and rhodamine 8G waa
avakumied,

A datallod Imvest] gation of nature of ordar-
disorder transition in the Nd-Ho ZrQ, aystem,
over the entim aomposition range uelng
diffractlon and speciroscoplc analyala
mchniguss was undsrieken. Comprahanshe
studiss were parfommed o Irvestigais the lonio
coivductivity bahavour of thaasa solid-solutions In
comelation with the wiuctural ransformations

using AL Impedanos spactmsoopy,

The quest for & Gousdruplex speciic
fuomscomt sanaor amongst other DNA forms
under phypiclogical salt condiions was
addressad. Applcation of Thioflavin T {ThT), &
veuisr aoluble fuoropgenic dye, In dusl mole of
aiushly induting quadruplex folding In the
2280 human talomaric DNA, bath In tha
presance and msbsence of Tie buffersalt wea
clmonadreted.

Interfacisl modification of materials for
diverse applosiions suoh as drug delveny,
sankora and ohangy convaralon wae cared out
Papiide functionalized magneidic nanoparticdea
wore propared for pH dependant binding of drug
makeiiog and ke Impdeations In antcancar drug
dalivery was Investigated. Porcus sllicon
interfaces were modifisd with nilddsd TIO2
(TON) renoparicles o develap highly eficant
phetoalocirodes.

The radio-protective sffect of edracelular
medanin, 4 naturally cccuming pigment, sslated
from the fungus Gl ocaphal otrichum aimplecwas
axamined in BALBAC mios.
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Hetercoyollo ligands suoh as
trlazinylphenanthrallne {TPhen) and
bintieznyiphanamhroine (BTFhan), consleting
of & friezimyd molsty on pheranthroline backbone
worn aynihecized for spporatien of Lol and
An{iif} lorafrem e hgh loval nucioar wastss.

Uaing the aynthelic alaloid, cordyreag g
photosansittror In conjunction with UVA Bght, a
new Phote dynamic Thermpy {PDT) regims was
chrrplopad.

Sovernl snantio-ssective chemical and
sreymatia asymmesirio protoadls wene formulsted
and uasd for the synthesas of & diveras armay of
antl-cancar and Immuno-modulatory

DOMPOLUNKS,

Mow protocols for D-labsiing were
deveicpesd and used for the symihweels of D-
lbeled tibutyl phosphaies end deuteriated-
druga.

Mano - ayieling oxdde powden of
mangancas wors formed by the radiclytc
rediuction of parmenpanate (Mrl4- at amblem
ternperabure and pressure In sold, neutral and
bl mediume and ware analyzed by X ey
powdar diffraction, Raman spaciroscopy, X-ray
Pholoalectiron  Epecirozoopy  PPE), Atomio
Farca Microacopy (AFM) and Sconning Blactran

Microscopy (SEM).

To explors naw biocidea for blo-fouling
and micreblal control, 8 wound drossing et
wirks on tha principls of leass of nlirogsn
omdes from seidifiedd sodium nitiis  wee
davelopad.

Tharmodynamls parametsrs of
complestation of Eulil) wih pyriding carbaxylotes
wore sludisd by potentometry. fluorescancs
speciroscopy and oulorimesiny. Reaults rinsalec
formatian of four camplaxea, In cass of pkalinats
whemas only metsigand complexss wamns

il

formed In cass of nlooti nate and lsonootines.

Otmcar shucies wera camied out to
understend mechankm of formation of Ag
nanoetrusiurgs In (snomsr matrix, and

reonganizationa in nanccompoakes in difforent
oourer lon foms.,

In TIFR, a facliity far femtosacond
transisnt epactroscopy wia satup and studies of
riaction rmaohanbim n uirsieet photo induosd ET
wara inftated alang with wark In carotenald
metaboliam and molecidar photo cxtahyst

o st

A conformation chenges of tha Alrhalmar
dissass-oausing amylold bein pepiide was
Idantified. Machaniam of action of GTP aptemer
AMA wam olucidated. Bevaml mutanis of
thermostable cytochmome P450 onyme wie
rationally designed 1o mutabolins saroide and
aromatic mpdrocarbons.

HM1 protssse (PR} avd I muteed,
PHD2EN was found ta undaiga diffarant folding
tmnsitior =t lowesr apelic scld concentration.
This hes Irplloations. for emergencs of dug-
realatant mutations In the prataln. Tha atudies on
the mechanical properties of 2 ublquiin-Ska
probein SUMC2 were pomplated.

The School of Chemical Sclancea, NIBER
ambarieed on feaching end research activity inthe
traditional orgenis, horganie, physical and
theorotical chemistry anses 2a well 88 In the
Intarface arsas of Biclogy, Meadedal Scences and
Madicine. i alen imparted high guality
undergraduste snd paostgradusts lovel of
inowisdge to students. it offersd ona of tha best
Integrubbd posigraciusie programme ad the
eyllabun was dealgnred not only to teach baolc
principles but siso to have hande on practical
e snces.
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BIOLOGY

At BARC, the activitiss wore focusad on
basic and applied research aimed ai
undermtanding mechanlsms undarying callular
meponass fo mdetion, oddetive and other
srivaesndes In Dhiln dimrooss rad ibdurans, Angbasng,
E coll and rica ot molaculer and structural (eval
ueing recombinamt DNA techniques and TEM
facllss. Sumoandhd sffors wem abo mede
gensrata recombinant organisms for
precipitation of uranium from dliute
avldin/aikaline 3olutlons and for TBP

bl el i .

Suriace Plssmon Resonances and Alomic

Fance Microseops procured undar Xkh phan wers
inatailed and made functional,

Matriz-a¢0lntad Laaar
Desorptianf/lonation-Time of Flight Mass
Specimecopy facilly was wed 1o identlly about
400 protédre from ayanobaatady nathes B Indllan
salia to generate proteomic maps and
undenmzand thek reepones to oo dathee sireas,

Thes 30 kDa Mn30D protedn of Anabaana
7120 wes found to be poattransishonally
poosessd m permraiy muitiple funconally
active forms.

At TIFA, insights on anryme active site
gecrmutrisa that relate 1o pramisculty of catahyels
wore obianad. Chromosome movaments during
DNA damapge responss In mammaian cels were
uicoversd. A module of phygically inlsmecting
prateina involved In endocytosin was identified.
kolacular mechanisms of kineain-2 dspandamt

wearal trarapart of oholrm sostyliransierass, and
tha kineins-2 motar subunit assambly wers
satabllshad. Unkriown roles of Myosin Vb arcd Wi
signaling In ol 3izs and ool shaps reguiadion,
recpactivaly wos unmveled. Tha boals of the

ganamticn and spainl propagation of call shepe
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ostllaticrs was unooversd, Oplical trapping
mathodology o precisaly measura tha force
genamaied by motor-protsina on singis organsiiea
of unknown slze In ool sdmct was developed.,
The reguiation of axanal ranapart weing the .
alogans model waa siudisd TFR, made prograsa
In mperiments almed at Ideniiiving downstream
tergels of Lo ard thee bindling eie of Lo on the
reguistor ssquences of soma candidate genes. A
nowvel pireamn that contrbuies newrone to the

aooessory oifactory bully was lderriisd.

Bgivcolytic srmyms Enolass, & novel drug
fargel and weoclne candidate or Plasmodium
epacics thet caues malada In humana and an
Incraasingly bacoming ranistent o axdeting drugn
wes kienifled by TIFR.

A TIFFw National Centra of Blological
Sciences, genomes of dinkcal Isolsies of E. ool
wik  underinken. Computational maodeling
sixios of a verlety of blclogical responsa
systeme wore camied oul Thoss shudiss hove
provided understanding of how phape integrais
and procass diverss Information fram the
anvironmant. Insighte Into lac and aRNA
ragulstion, trurslilon B satilonary phass and
principlas ta predict the dynamica aof
combinations of feadback loops was achieved,
An Eposysiem scology laboratory and
Greanhouss faciity woo oot up and genstic
saquending and genoltyps savices wamn nliatsd
with the addition of more NGS Instruments.

BINP aciantists tcok actve Inttistive in
siruchural genamics and proteamics eeasrch in
hemainiogical and nrodegeoeativg Sessss.
Gena therapy of chranic myelold leukemia and
atructural slucidation of two |Important
hamoglabln varlants, Implloaed I thabegaamiy
wara dong,

Exparimental approschey (o unclersiane
the blomakecular necogniion procasa In difkerent
imtracaliular phenomana 2nd bloinformaetica
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based theoretonl approaches employing
quantum mechanical caleyiations 1 undemstond
tha siruchure-function correlation In nuclslc acida
{DMNA and different types of RNA) wera the major
activiioa In blopkydes ot SINP In addiien, the
biophyuical propertiea of lamine to undenetand
their mies as Intermediary flaments wers also
atpdind.

in chamical aclsnces atlsmpis wem made
o unrasl the rrachanbdio pattmangs of widous
phooinduced charge-irarefer proceteas Laing
meady-sints and time-resohved absorption and
fluoresasnoe, magnetic fiskd sffest and
thearatical mada ing. The sffects of some NSAIDs
and aimiler molscules on different blochamical
propessss and sdemal agents and factors an
prateln folding end misfoking wers Inveatigated.
A new method for labal fred and rapla
impedmeric sensing of Escherichia coll wsing
antibody entigen bound on condusting
pobvanilina Aim wea reportad.

The Schoal of Blolog sl Solenoes, NISER
s one of the leading Intemational contres for
raspearch and teaching with hamonious
wyriineady of olsesos] avd modem  blakogy
Interdiscipiinary leaming through edenokvo
mibiecis covaring al fislids of modam biology snd
inter-phasing wih other scleniiic dscipiines and
undertaddng high cualty rescarch acthdties In
dafinad aress of bloaciancea waa tha focus of the
schioal

CANCER

Rugular oparation of Medical Cizdatran
and production of *F and s converalon 1o -
A3, "F-MaF, "F-FLT and "F-FMISD waa carmiad
out to mast the In-house es wall as the nearby
hospial mquirements. A langs number of patismis
aftendad AMC for diagnaala and therady of thelr
pimants. The disgnosidc mestigetiors were
refated to simost all organs ofthe body,
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A large number of Thyrold patisnts wom
dagnoesd and edvieed durlng the year I
addition 1o thia 18F- FDG- PET scans and ™ Te-
radiophammacauiical bessd scanning [ke whola
body bone studles, renal studies, mMynosdial
porfuslcn studies and tyrold studies wera
oarriad out during thie yesr. Over 300 patianin
disgnosed ma thyrotoxdc and mequiing [0
radicastive ndine therapy wore tnexisd ai AME
chring this paricd.

ACTREG provided public Inberimoe to
cancet Mesarch thraugh ite focus an natisnaky
relevant ressarch on COMMON CANCArE,
outstending clinical culcome in a large volume
Bors Marrow Tranaplarisbion progranems and by
davaloping and dissaminating Indigencun
technology auch 29 Bhabhatren in collaboration
with BARC.

The Cinical Ressarch Cemire programa
oontinusa to shénw an upveard trend dusing 2013,
partculerdy In mma of the patient sanvices
provided. Owver 4400 new petieris wers referred
o the Ceanire for inveslgation or imadment a2 a
pant of varioue IRB approved tenelationss or
clinical ressarch projecis. A Darisl Clinic and
Pediabkic OPD wem =st up and mede fully
furstiona o et pathent redquiremants. A Ny
Digitel Subtrection Anglogmphy (DBEA) faciity
was donaied to the Cenirs by a phiantroplc

Qrganization.

The new Imestigations ot the Cancer
Apssaroh indiuts baluded sthudy of the Srochum,
function and spechicky of praapapictic protelna
and their rols In cancer: eamination of Infre red
absarptlon, Aaman and fluocrescancs
spactmacapy mathode; devalopment of Imaging
protocols for human cancar; sardy detection of
maieoular changes in cvarian cancer oals; uss of
blaphyslcal technlques, macramolacular
crystallogrephy, atructural blology and
Pininformatbdcs tools to visualize cancer

sugcopthily gerse and proteing ohudy of
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moieouiar and osliular meachanisms goveming
atam cel regulation and thelr parturbation during
oncogansale. Aasasamant of the antt-meiasdstic
achivity of drugs and other complemss and B
detallad etudy of the sbemant @qresaian In
cancor of the intemediata flament protaing
lcsradin andwmentin made progroes.

Guaiky inkiativea undarmken during the
verr In order o Improve patisnt cam were:
wralysls of ndldent mporting with root ovese
analyela; patent feadback redressal with
meagonas from tha eapecthe areas with regard i
pathent supgestions and oomplaints; mgletsdng
patients af ACTREC amd Implamsntation of
refairal card faciMy.

DAE |a plarning ta setablieh & cancar carm
faciky In Chandigerh on tha framework of Tam
Mamoria Centre (TMC}, Mumbal, As of now
thare 9 no megor carcee hoepital for the
population in this ragien.

SYNCHROTRON & THEIR
UTILISATION

Thae synchirgtron radiation saamoes Indus-
1 at 450 MoV anarngy, 100 mA cuman and Indua-2
ut 2.5 Gu¥ snergy, 100 mé cument wera oparsted
in mard-he-cicok mods ot ARCAT. A numbaer of
Improvemnants wena caimied out In tha varoue
mubsysiorma including indus beamines that ame
part of the Indus synchrotron mdistion =urces,
Sallent arang thees sre mantioned Below:

Operation of Indus-2 at 2.5 QoW with baarm
garrant of ghout 125 mA was achiveed 1wing
indganousty devaloped sold state AF amplifies
with a power of 125 K. ai 5058 MHz
opprents B imprave the besan Betime o 2.5
GaV ware dons; a mulveriabls active fecdback
corirol systern haa besn Insialad o actively keep
the abtiron orbk within = 30 pm borsd over
raference orbl both In hardzantal and vertical

planes; Implsmemtation of betatron tune
feachack pyetom ot injpction onangy.

The mepermamial faciities instalied on the
besarmirme of Indue-1 and Indue-2 wers Lssd by
user groups from universities, national
Inboratories, academic instthutes ana DAE units in
the couniry.

Elght bsamiinee on indus-2 e now
operationel with the sommissioning of three new
beamines during the year 201 2 The data of tha
indus-2 bunch paitarmn haa bssn reconrdad using
straak carmra on ths visl bls dlegnostio besamiine,

The aarler commisslongd Indus-2

baamines ware upgraded with new sxpaimental
folities. The angle dispersive xmay difraction
beamine wao upgraded with the addition of kow
tampemiurs and high-presaurs faciity. Tha high

ADERD beaming with ke femporatune Taclity



siteched to e lmege plats

promsura sotup on the ADNRD beamiine was Lead
by memasrghers from IGCAR and JNCASR
Bpadments on Tm,0, systems wena camed out.

The =y fuorescance (XRF] beaming
was uppraded with a sampls vapuum
amironmant for XRF meaauremants on low £
slemants. XRF measursmernis on the (uner soll
pmulant samples from IR0 related & tw
Chandrnyan mission wers camied owt on this

ayatam.

Tha spetiel detrbution of thadum and
uanium In mixed odde fusl pealske being
devilaped for the advenced heavy walar
mactors hee bessn shudlsd weing the XAF
baamine.

Fositsend INcid-2 photon Do apid

170

opol sive of tha focused Indus-2 photon Beam

dus-2 photon bean haa besn focusad
ter i apot alze of 7.5 pn (H) x 4.3m V) ualng the
Kinqeiick-Beax mimor optics inmialied on the X
riy fiaressnos buarmllng. The spat slas o been
measaurad by the wirsfedgs scen mathod
the fooused photon beam.

The soft and desp wiay IRhography
heamiina has baen usad for tabrication of high

aspect rdic el miorosruchues or making
diffarsmt typasa of Sanmomm, X-ray optica,
microfiuidie struchaws ard mioro-enginssing
micno-StruciLras.

All the & boamines on Indus-1 ans fully

opamational. A low femperstura (upto 80K faciity
has been added to the angle Imegratoed

phoioslecton spectroscopy AMPES]) beamiine,

Mezausments related to the studiss of
valence band offects on hetaroatructiines Wers
done and sparments on the mangansss (Mn)

charge atate modiication In Manganks eystsma
wara shudied

The dispamnive axiandad xray abeorption
fine shruchue (EXAFS) boamiine heo Bean
upgraded with & low tempemsture faciky. The
phaotc-pinysdos beamiing Fos Been upgraded with
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VUV abuorplion spacirum of acwkons |n angon metrh

A faciky for maiix lsolstion speciroscopy. The
YUV absorption apecnum of acsone in argon
matrix 8t 10K tmkan using the matrt: eoiation
satup onthe photo-pinaica beamiine on Indue-1.

Rosaarch work carmiad ot using Indus-1
baamiinea resulied In 41 publicaions In high
impaot fackor joumpls and pasr  npviewid
confarence proceadings. Soveral U groups
from IIT Daihl and Mumbal, PRL Ahmesdabad,
BINP Kolkata, UQC-DAE-CER indore, BARC
Murmhal are uaing tha baamiinea on Induo-1.

Duta avquistion end oontrels for Indus beam
[T

At ARCAT a 2-dmensional XY besm
aczrree ocahbe was dinsa i pad for locabion of the
X-ray boam In Indus-2 baamiines. An araa of 10X
10 mm2 was scannad with a resclution of 2.5 m
o 100 g in difiment saan modes. The xray
interaky wias ploted In parpendoular planse Leing
& Shphotod ode with & developad uitn low nolas
ampilflar. The finyl unit with mester compuler

17
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"LAKSHYA"

T WE ol e i 8 M [T

contrlied sofbtware “LAKSHYA" ardl an optical
sarlal communiaation was Inatalad and tested in

high pressura pityaics axperimanta in tha ADMHED
bsamine.

GINP has dewalopad an Indian Baamiinag
at Phoion Factory Synechrotron, KEX, Jepan and
Efnan resaarch insditubes Fom India have piresdy
unad this baamiing. The baaming ke axpoactad to
e openedfor termstional on March 2013,

The beamiine enablea camying out
powder difmclion fom mano msterialn am a2
furction of tempersiure ax high-pressure to
parfiorm phass transiion studies; reflactivity and
difiuss scattaring from sodd and kquid surfaces
decorated with nanoparicies and burled
Intarfacea of narc-atructursd materisds ard srmal
ange xry ecatiafing (BAXS) expaimans — both
Intrarsmission and reflaction geomairy.

Xray absompton fne atructura DUAFS)
tschnigue has smerged a8 a poweriul technicoue
for profing the losal strustune areund the stom of
almoat any clamam In the padodic table. XAFS
shulion can even be pearformead at tmce iowal
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Cpical layout of Scamning EXAFS bearmiing

which am very ussiul Iin the shudy of metal This beamine uses 1 high resoiution double
coMmplaaes on sufacos catohada and motal albee eryutal monochrotwatar (DCM) for anengy
in bicinorganic samples. palaction from the white symnichrotron beam whike
b cyiindrical mirran with mecidonial curvehres
BARC haipad sehup 2 stedn of the art wersa umsd for collmation mnd fooumsing.
gy stmrning EXAFS beamiing BLO9, whems Dipershe and saanning EXAFS BL-OB & BLOS,
measuremama can ba camled ot both In togathor offerad & comprehaneive X-mey
traresmission and fluaresoenos mode at Indus-2. abaorpion mesusement feoifly owr a wide
; iy, varkly of samples of cumrent sachnological
X impaiance. This will caisy o a largs community

of usats acrosa Indla.

‘ Collimating Mirror

A pratain cryatalography beamine woe
commissionsd st indus-2 and Is now evallabls for

- L e LI

Yarioum ssolinmm of the enamning ENAFS heamiine
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muairx isoledion spestrosoopy using symohretron
radiation was Indiganously developed and
inatadind it photopiyaics baamiina.

Geo phasy YUV phottabaorption atudies
of amdronmentally Importamt molacules (ke
sulphwr dloxide, acstons, chioroform and
trimethyl phosphotes wers caavisd o BIng
photephyslcs and HRYUWV beamines at indus-1.

An Imaging besm Irne & Indhs-2 13 In
advanced stage of installation at ARCAT. Thie
baamiine will have facilisa for sdvanced material
salsnoe mesaroh, madonl Imaging for canoer
application as well aa for NDT. twill Incorporate
soveral now Imeging modally such a5 Phass
porrirest imaging, difraction snhanved imaging
e wal as microtemograpiy with micran and

\
e 10

=2
. iy

|F'

Ciption hutoh sormponanty of imaging besmiing

CYCLOTRONS & THEIR
UTILESATION

Oma of tha major schisvements at VECO
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in the supsroonducting oyelotron was
Improvemant of AF phase atablity. The drect
meaalurement of AF vollags using Braximhiung
chniguewas slso done,

Another remanable devalopmant waa tha
devsiopment of besam phase measursment setup
waing BO418 plastic acintilator detechr. This aat
up provided a very usaful ol for Ieachronama
tuning of the baam. Tha most Important
cvslapment was Instalition of & new spiral
Inflector eaaamidy which can ba ramately rotated
and varfically movad to optimizs ks poalion wih
repedt B e AF systsm. was vary effsotive as it
accelarated mons than S50 nA of beam cument.

Othwr various demibpments st YECU In
the feld of suparcanducting cyelotron included

thefollowings:

High heanpanaturs supsnoondusting magnet for
b [l

A projuct for divalaping Hgh temparstune
superconducting magnats was stortad ot VECC.
Deinlod mapgrmetic design of XY mivering magnet
for exbprred bsters I of KO0 oyadoiran was
carmied out with commercial fnite slament cada
ANEYS,

Inductivaly coupied plasans for ganenating
hilgih Intamsily proton beam

An Induciively couplad plasma lon saurce
wihollt uming amy magnetic feld ocpamiing at
19,56 MHZ with axitemal antenna for pmaucing
high current CAY praion beern was devsloped.
The lon bearn eedraction myetem comprizsed of two
parnis slactrodess with singls apsriurs.

Cavelnpmant of Sgirel inflsctor
Ta Imprrm the perkvmanos of the

Inflactor In respact of the width of the slactrada
surfaca, readuction of |oints, stablllly of
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AF Shimin, Elwciroces & Ineulsicr bess of tha Infisator

conatruction and posikioning accuracy
rrcad it orvs woere Implernsnbad.

Fabrication of the Integratsd atem
slavirodes was carmled out from single ook of
Aluminium 2024 In & 4 ods CNC miling machine

by stopting proper machining simiegiss ana
slmulations In CAM softwars.

The elecirodes and cther components
wore febriceted very procisaly and R weas possible
to achleve the alcirode gap wihin 83 micran
eccurecy in tho final assombly.

Dwsslgn aned fabriostion of Innescpiive nettron
phutier for beam Enes of sauperconducsing

cyciokon

Daalgn of tha neutron shutter wee
improvad by placing the mid steal rotor blocks
ad oiher sullnble aitenuxiors in a sealed
atainises atosl pipe 1o form & alngke sncapakated
nator. The siatic piastss In the shisid wall plug

supporting the rotary shedt heve been iotally
sliminated

The vaauum in the shisld wall plug placsd
In the baam lime wose found tv nprova
trarsmission of beam n tha beam line. Radistion
protecton aspects were aiso sveluated o ansum
elitab iy of the neutran shutte:.

Upgradation o Phaes conbrod loop for the §-
phass RF pyetem of KEOQ Bamaroonduoting
Cycloron

The wdsting phase oonirol loop weos
repiaced with tha newly developed ane based on
Cimct Dightal Syntheala [DOS) techniqus. An
automatic phase comection systemn was been
daslgnad, developed, Inatallad and
commissonad using thim DDS moduls end a
programmibie dgkal ocontmoier. Theme woam
significant advartegea (ke 2800 phese rotation,
constart ampiitude Imeapactive of phasa
varistion, linearity sic. of rew comirol system over
the enalog phass contraliae. The perfrmance of
this new phaso reguistar wes romarkably
Improved for the RF aystam of K500

Supumandusiing apolairn

Denign & Devslopmant of Low tempermiurs
Relrgerstion Machine for Difusdon Punp
Baffle cooling uming oo stage Vepor

Comprosslon Refrigerstion (WCR) cycies

Tha effort hao baon taken to daalpgn and
manufachurs low temperahurs two sisg s (caacada
typs) refiigaration unks utllidng the combination
niﬂ-dmﬁlﬂﬂmm Dnuhannl',mhnf

in'hllmlrlllnf
supsmoonducing owolchon



refrigeration cyds, caacads dedgn, contal
icgics hens been workad out for approaching
tenarda & theomtical sysbem. An indegenous
devalopment has besn materialbred afar thetotal
Inhgusa fabrioation of machine, which has besn
commissioned and baing teated under the
simulabed lond corrdition.

PLASMA & FUSION
TECHNOLOGIES

A B Inglhite of Plars Ressarch the
axperimants on Adhya tolsmak continued to
rumialn foossesd on brealakran and stwtup for
ganorating necomsary nputs for fimt plesma
opemation InSupsrconducting Stesadysiaie
Tokemak [B871). In the refrblehed 3371
machine, snginesring valdalions of varous
Bubpehinnt comenced. The acasmbled 8371
Torokinl Rald Magnat syetem weB succassiuly
shawped i 11T wine the sysism beoars
nuparconducting. Tha diagnoatics noeded forthe
first plasma wem Mepgraed and tesed for
peams oposmation. lon Cyclatren RF (ICRA)
systems based grs bresiudown wes achioved
with low toraddal magnaetic Selda. The inklation of
tokemak [l plasma productionwss In progress.

The 42GHz Elactron Cyclotron
Assonanas Heallng system (ECAH) was
commiasioned © camy o ECAH asabtad
bresiciown sxperimants in both 3571 and Aditys

tokamake. Tungeten coating technology wae

176

developad for first wall components of tokamak
with the col lsboration of ARC|, Hyderabard,

Hpgh Power (200kW] Eleciron Besam
Sywiam raduind for high heal fuo feollly waa
commissionad ot tha inatine. A pump driven
Laad-Lithium ipop with Incligerously developad
companams for corrosion awporimant Wwas
sucvessiuly commissioned and set for operation
InIPR

Denalaprmant of kege coyoganic systams
was underiaken HAsmots handing (RH) and
roboios techmolagles nlaind sothities wers wlso
Inftiatad.

An accolorator hesad 1dblavy nauiron
gonwator was developed for neutronlcs
diagnoatias and to atudy bitum brooding.
Chamctertzation of polycrysialliine chemical
vipar deposled (CVD] darorkd debctor waa
done. Exparimante on tritum aximaction mudos
on Imadisted Lithium Thanate (LFTIOE) powder
wore In prograss. MCNP codo analysio nocossary
for shisiding design of the propossd laborsiony
Wk complatad.

At Fecditaiion Canter far indusirid Plasma
Technology {FCIFT). IPR whis compisting and
wasvting the commiited projscts, varkus new
projects woenn alno accapiod.

intamational Thermonucisar BEvparimantsl
Reactor ITER}

For [TER projact, five mora procurement
avangarents (PAs) wers signed. A toial credi
worth 4800 LA was ecalved from IO for tha In-
kind aonirfution and P88 &35 ILUA for the omdited
Task Agreemants. The bullding for MER-INdia
lnbonicny ot (PR wes compleied and baing used
farvarious RED activiias

Al Centar for Pame Phyaica {GPP},
Guwahatl, the dihertor simulsior experiment
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pragressad wal. Doslgn of the magneta for the
sxporment along with the chamber was

cornplutad,

Terwards dvvalopment and fabrication of
MbEn basad supanconducting wine, a compoaks
sxfruzion blisgt oontaning 1324 Niablum
slamonts waa Easanmbied ot BARC. Motallurgical
chamcisrdsaion of the product was cared ouwt
An Innovetive apace eoving anliine febrication
faciky was satup.

Reduced actvelion Fermtic-Marieraltic
giael Ror Tesl Blwdod Modus for TER was
dovelopad 5t IGCAR by optimizing tha comtant of

tunpgsten ard tamialum for achieving superior
cambination of ductiie-ta-brittie transiion

temperatue and tenslie and creep propertioe.
Low cyele tafigue (e of this steel wes found to
Incrensa with increass In both ungsten and
rriabrn contania

MATERIAL SCIENCE

A Trombey, phess fskd modalng sthudy
waa carrled out to aerrive at differant

microsruciures I Zr25 No aloy thet geis
svalved during leathamal hakding.

Mok Sk Natural Clroulation beet Fagilfty
was astup in BARC. Efiect of verious orionmtiona
of hesier and oooler oan b sudsd In this
experimanal feciity. 32D CFD simulstion waa

9
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parfarmed to analyze the staady atate
charecieristics of moken sall natuml dreuletion
bemst focd ity

A besst Bty tor gduady tha in @iiu comogion
in the moken salt smdronment was ssiup. Tha
gorraslon stucy was parformed In the
temparatire range of BED-7BL'C usinp
siscirochamical poisrtmetion tachniqus.

To quantly the Mein Hest Tranmpor
Fystwrms makerial degradation under prolongsd
expasire 1o high temperaiurs. Two Important IHa
imiting mechanisms |dentifisd were Low
Tamperature Senahtzetian (LTS) and Low
Tamparaturea Embrittlemant (LTE). Inkitlal
aabeiamant corncluded that LTS may not ba of
concem for 100 years ([fe of the piping matadal
slecied for AHWH.

Efiect o Imadistion induoed defscts on
load diaplacemnant curdes of nenc-indantation in
simustion was Investipsied. A9 A part of
Indigersatia developimant of Scanning Elctron
Memoecopy {BEM), fabricalion of the flement
mppart uesemibly was gocarplshaed In BARG.
Fabrication of aingla and multiple joimt cammic-
to-mastal (Kovar) seals up o S80mm dlametar by
actve alloy bmrng schnigue wes succadafuly
done,

Varous types of giass based devices ke
rzation vaouum geuge (BA Typa), ek
matal and cemmic-to-melal sesls wene produced

Sovoral Fa and Co basod amomphous and
nanaorystalline metalllc giasses ware
wymtheatred using rapld soldfication taechnkgue.
A dstalled work was camied out to undersiand the
idnatice and evolution microstruchurs o control
the magnelic propertiss. For comelsting tha
gl praparties with mlocosirushre of thess
nanc-compositan, several characteriration
teahniques wara smployed.
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An Imvestigation on formedion of aluminkde
cootirga on N-basbd suparalloy 890 a1 batroto by
low Alcorminining pack auminkation procass
followed by Bs chemclerkstion hew bsen
Lrchrtdcg.

At K3ACH, Miedema's modsl was spplied
o identify the compogiton mnges of phags
amabilty, particularly In termary edensions of Fa-
barsd Leves pheses The psludy of gmin
Baourrdary ohamobr distribution was canied out,
uging & TEM-based arlentation Imaging

microasopy (OIM), technique.

A 400 kY accalaratorwhich would raneact
halum and other pgsssous lona to the UHY
immdiction system of e 1.7 MY tandetron
acceloratar tagether faming a dual beom faclity,

witll devalopad incigenously.

Cither studies camisd cut in the fiedd of
matenal scdlence ot HSGAR Includadt  Pradiction
of mase teneksr waing smeging methodologles:
Molecder shymamics simudatken of deformation
and fracture behaviowr of body-cantrod-cuble
{bee) ron and face-centred-cubic{fcr) copper
single orysials under lengdie losding; Nano-flukd
fluld hasod aptical senear; Undamtanding of tho
compl=adon of magnestis nano-particles and tri-
bieck-copolymers In pressncs of surisctants;
Datection of pathoganic gram negative bactada
aing Infrared themogmaphy; Preasure induced
metalization of BabinAs,; Synthwsk of nowal
AL undar high precoairs and Mgh tamparatun
Raman spaeciroecepy atudea of nagative thormal
wpansion maledaks; TR rolton distordon In
cubicc peequicids Dy G- A high preasurs X-ray
diffraction stwidy; Stablity of ron phosphate
plase; Improved ftribological properiiss of
madfied NKKFE ooutings; Dewmibprmert of anil-
fogging coating for hotcell glass windows;
indigenoum repair and servicing high purky
Germanium deteoters,
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Nanowires with diameisr 200rem ano fop view of
the membrens [nesf) desloped w YEOT
The materials wons dewsicpad In different
narcaruciuned forma Bks nanowirea, nanoilbea,
nanorods stc. through simple cost affacthe
skectmchemical and chemical mears st VECG.,
Ca and M nancowires with pora alzes up to 2000m

wars devaloped by slecirochamical depoakion
using Anndisad Alumina templaiees.

Buparconducing properties of nioblum
materialk wers Investigated at RRCAT. High
caralty, oraokeires large dlaks of Yiirdum-
Gadolinlum-indum Gamat wae devalopad for
usa in high power farmite circuisior fabrication.

ADatalked atudy of the phwaicel propartios

of a guasi-two dimenslonal structural
mexiificstion of slsmental Slver was meds at
TIFA. Stuedy of Inducing matal-irmal ot trarsiion
In VD2 veing en slscirolyis gats, wida bandwidih
acustion and delsction of nanowire NEMS was
mada.

In Flasmonic quask-crystels TR studed
incinca angle end polarinaion Mdependent
piasman exchation and sacond harmenic
generafon. Highly orlemtad Aims of TiO, aligned
nanarads wen suoosssfudly grown dinslly on
FTQ. ZnT0,, a navel thanats wee synthesisad
with phase purtty and shown o be photocaiaiytic
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under vishie ight. Hollow nangtubes of BIFe),
wors also myntheslsad.

INTERDISCIPLINARY AREAS

At BARC, the crystal structura of
drosophia melanogarior [common fuk fiy) vwes
sobvad weing 4.2 A remolution mmohratron date,
which would provida useful Information on
human proteing 28 wel. The iow-reaciution X-ray
diffraotion data soquired from methylated
drasaphila protain crystala ahowed claarty that
mDMNA-DiInding compeisnt drescphils proteln s
an pokumer,

The siruotura of drosophlle Trenplin cotmmer with
mDMNA-Dinding activity marad & aphonss

For Indlan Laitice Gaugs Theory intmdive
the QLD oriticsl point was obisined at 8 much
finerlattice spaci g at TIFA.

The cryogen fres high cooling capacky
divtion refrigerator wes hetolled ot TIFR for
Neutrinoiess Doubla Bata decay Experiment. A
sviup for messurament of spaciic heat &t ow
eenpersiunes waa desgned and tested. For
devalopmant of NTD Ga samsors for mK
thermomelry, G samples were madeied with
et doses

Al Pelilairon Linac Faciity, e Pelietron
and LINAC were opemded for usar oyclss which
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deliered a varsly of bsams as per uper
rejuirement Extursdon of LINAE oparations ta
lightsr beama wios fesied with LI baam.

indigenously developed dighel comrol card was
teatd with 2 aingle superconducting cavity and
giva axcedont porfomanca.

Drswva ot of Raganee Plate Charmbers
(RPCa) for the Indla basad Noutring Dbearvatory
(NG} mpeariment got compleied and the design
and protoivping of slectranke rgger and daly
acquisition systems progressed wall. Far gravity
wave detection, R & D aciiviiss regarding PRC
detectors a3 well a5 corsiruction of an
interfaramates wars carmead oLt

INTERNATIOMAL RESEARCH
COLLABORATION

BAAC & a major collsborstor In the
Compast Meon Solergid (CWM3) heavy fon
axparimeant at Larga Hadron Collder (LHC) at
CERN.

Urder DAE-MHR biateral collaboration,
concapiual deaign of sampls camier for high
gy mecliadion in Julet Hompwdiz Ressior
(HR) was cariad out ot BARC. Debtalled thamnal
analynin of the device was done arxl the design
vwee optimibed as megards geomuioy of the
capaies ducts far cerrying the cootanta, coalent
drouk, ste.

Advanced reoaarch wiss cormhed ol on
appication of Physics-of-Falurs methoda to
prognostice and heatth management of
acimnis compordnts s RAD colabonutive
progamms wabh under telkeon with Canter for
Advanced Lile Cyols Enginesering, University of
Mardand, USA Work on 12th Plan projent
antited "Prognoatica and Health Managemant of
Elacironic Component” wae inkeated.



LiHe Cycla Rallablity enginearing
lsbormtory was st up to facilinde relabl iy and He
e betlon of o i

imtprrational Alomic Enargy Agency
mwardad a project to BARC on Development of
wi IAEA Baksly Swies on Appllostion of
Prebabl kstic Azssossmant for Ressarch Reactor’,

Under CEA-IGCAR cooparation on
LMFER safety, sioven oollabormtive prajeots wens
in progroas. Basad on design experiance and
Teadpack derived from construction sxperience
of PFER, KICAR racommeandad revialons / new
rules for the design and construciion code RCG-
MR (2010). AFCEN ® decamang them with
IGCAR on the recommandationa.

Under Indlan Insthtution Farmiiab
Cllsbsorgtion (IIFCYH, ARGAT mbricated & 1.3 GH=
Bcall ECHF convity and the preprocossing
guafioation tests for the cxvity veere cruried out. A
Prototyps power extraction and tranader sinichurs
compansts (PFETS bars) wers fabricaied In inda
ardd aupplied to CERN,

The participation of VEGC scienticts af
LHG-CERAN for the guest of Guerk Giuon Plasma
OGP had bverrws fruita in birvves af anahyzing huge
ameunt of daia collscted from p+p and Po+FPb
eolBslors. The Phoben MultiBolty Detscbor (PMD)
bult by YECG was & strong partner in datm mking.
Dedinaied wsfforis on dula analyzes meds

progreas.

The prominam tapics pumled by VECC
collaboreions Inchuded (a) collacive ficw using
information fram PMD (b} comelated particle
production and formation of jsts {o} production of
resananceds (d) fluctustione of ret-charga, net-
baryon numbems and sirmngensss.

YELC made significant corbributions both
in hardware and anstysls In STAR eqedmant gt
BAMNL-UBA. The fimt Mukigep Resistive Pizia

1™

Chamber (MAPCY modules bult ot VECC waa
imsinilad in the BTAR sgpedment aftsr deinled
tatng and a prototyps MRPC-besed TOF
syotem was instaliad to demonsirats the prooi-of
prind:ipie of uning MAPC.

Twn smiglnealzs MAPCS wers ssasembled
with a provimion of Incuding more gloss
sipoiocies. The mysism using & Ne-22 souma
which ghvaa two antl-parallsd photons.

Arather e sxpatiment, inwhichYECC
ressarchers are playing & major rods s the CBM
emedment at FAIR The progroas made for tha
praject Included (a) almulation for the
optimization of the sehyy (B} RED on GEM
detector for handling high date rate (c}
dereplapmant of radlathn hard slecironies (d)
deaign of the mechan|cal and slactmonic symama
ol tha chuembers In muon sysem. The cloke-ko-
final simulsted dealgn was dona barod on tha
optimization of delsolor geometry. The delsotor
R&D edvanced one stage further and It wis testad
s ng Xermys and comantional NIM siectronics for

-

A GEM tagring petyp at CEAN

An amangement consisting of akemating
eyars of detectors and abecrbers (Min-MUIGH)
ressmibing the muon eslup for CBM has basn
empioyad for the flrat tme. This conadat of B GEM
deiectors to face the muon and plon beam at
CERN.
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The INO-prototyps |abortory continued
o work &t VECC. Swudente from al ovar the

countrytook part In dain taking and date snalysls.

In collabaration with |IT-Kharagpur,
comsidernble progrose was mads on bulding =
sariakrar ABIC fo be ussd o ransfer date at very

high spesd uin 26 GHz rom stHnggened
plactronics of CBM.

TIFA cartinued retsaroh oollaborstions
with the Inematonal Cantre for Thaoratical
Sciences (KXTS). Bele Exparimant, and CMB
Expariment ot the Largs Hadiron Clolidar Major
activiles umder thees colleboretiona weare o
follown:

AL ICTS, 2 masterp kan for the com pus vwes
praparad by the architeciurml agency M/s
Venieremanan Associaies, Banpalors, Lecture
priaq an Seinivisa Pamarsn wiss alio inibabed.

Daia recorded by the Bole sxpsdment
wors anslysed ol TIFR ared wark on the upgrade
of the sflican vemax datector (SVD) for the na
phase of expatiment calasd Bells || progressetd.

Studks camed aut for CMS exparimonis
incikiad sudes of Inclusive ot paction,
underying evanis; Chargs asymmwiny In the V-
boson production, W-gemma production;
Soaarch for Hgga boson In dHau decay channal,
charped Hggs bosors Performancs of the Outer
Hadron calorimeter (HO); and  Monitoring the
CMS detactor.
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The protein crystallography beamline at RRCAT



induction lreining programma for B newly
recrulted sscurity staft
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HUMAN RESOURCE
DEVELOPMENT AND KNOWLEDGE
MANAGEMENT

Homi Bhabha National Institute

Homi Bhabha National Institute (HBNI)
continued to grow smoothly and steadily. At
present, it has 7 Board of Studies — Physical
Sciences, Chemical Sciences, Engineering
Sciences, Mathematical Sciences, Strategic
Studies and Health Sciences. Under these
different disciplines, there are 25 types of degrees
and diploma awarded by the HBNI. They include
Ph.D, PG Diploma, M Phil, M.Tech, MSc (Engg.),
Dip AR, DRM, DMRIT, DM, MD, MCh etc.

HBNI strengthened its linkages with
premier research and academic institutes in the
country and abroad. Two MoUs — one with Indian
Institute of Science, Bangalore and the other with
University of North Texas, Denton US were signed
during the year in this direction. MoUs with Indian
Institute of Technlogy, Bombay and the Institute of
Chemical Technology, Mumbai were renewed. A
general agreement for academic co-operation
and exchange with Institute of fusion studles and
Department of Physics at the University of Texas
at Austin was also signed during the year.

About 82 new faculty members were
inducted in HBNI during 2012.

Training School

BARC continued the academic
programme of Orientation Course for
Engineering Graduates & Science Post-
Graduates (OCES-2011) and conducted written
tests. About 287 candidates were selected for
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OCES/DGFS 2011 across all disciplines. Courses
consisting of foundation, nuclear engineering,
core and electives were offered to TSOs.

A one day seminar on 'Role of Nuclear
Energy in Development of the Nation' was
organized. BARC officers delivered lectures on
'‘Career opportunities in DAE' to motivate young
students. Coordination activities for providing
practical training (1-2 months) and project work
(212 months) to a very large number of
BE/B.Tech/M.Tech/ME/Engg. Diploma/MSc/MCA
students from all over the country on subjects
related to nuclear energy were continued.

Four advanced courses from electrical
sciences group were offered to the eligible
employees under '‘QUEST-Continuing Education
Programme' scheme and six advanced courses
were held under QUEST-3 and QUEST4.

All aspects of Human Resource
Management such as establishment, personnel
and general administration, manpower planning,
recruitment, providing statistical information
based on personal data, software development
for computerization of activities, issue of identity
cards, vigilance, legal matters, transport,
communication, canteens, public relations, staff
relation & welfare and management of guest
houses/hostels etc were carried out efficiently.

Personnel Information & Management
Systems (PIMS) database was maintained.
Online promotion proposal programme was
developed and implemented. Enhanced website
for recruitment section with more security
features and facilities were developed and
implemented. The existing Client-Server based
pension processing system was re-developed on
web based platform with more security features
and facliiities.
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About 600 scientists were deputed
abroad for participation in various International
Meetings/Symposia/Conferences and other
Government work, 40 scientists were deputed for
Training/Workshops/Study Tours etc. under
IAEA-Schemes, 73 scientists were deputed under
various Bilateral Agreements and Collaboration
Schemes and service of 6 scientists were placed
at the disposal of the IAEA for expert
assignments.

During the year CAT-| & Il trainees, TSO's
for OCES & DGFS, Junior Research Fellows &
Research Associates were inducted. BARC also
bagged the "Best Establishment Award for the
89th Regional Skill Competition for Apprentices
held in September 2012 for western region.

The Radiation Medicine Centre (RMC) of
BARC regularly conducted two year diploma
course namely DRM for medical graduates under
Homi Bhabha National Institute, These training
courses were very useful in the propagation of
Nuclear Medicine throughout the country. The
course included lectures, practicals, apprentice
programmes, demonstrations, scan review and
reading sessions and dissertations on short
projects. RMC also conducts one-year diploma
course under HBN! for science graduates.

At IGCAR, the sixth batch of thirty five
trainee scientific officers completed their training
in six disciplines and were placed in various units
of DAE. About 52 Trainee Scientific Officers were
trained at the Training School. Twenty nine
research scholars were inducted in the seventh
batch to pursue their doctoral programmes and
24 employees pursued higher studies under the
aegis of Homi Bhabha National Institute (HBNI).

BARC Training School AMD Campus,
Hyderabad continued its activity in second year
for Geology (12) and Geophysics (9) Trainee
Scientific Officers (TSOs). AMD studentship
programme was continued and 125
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M.Sc./M.Tech. Students of different Universities
completed their project. BRNS projects (43 nos.)
were continued in collaboration with various
Universities / Academic Instfitutions as R & D
efforts of AMD.

At NPCIL the human resource initiatives
were directed towards fulfilling NPCIL's mission
and vision by attracting, motivating and retaining
right talent. These measures included
developing strategic and incremental packages
from time to time for effective Human Resource
Management and also to meet the aspirations of
the employees. During the year, about 5056 man-
days of training were imparted. Thirty seven
employees were sponsored for acquiring higher
education in Technology, Management etc.
Training and development activities covered
competency development for fresh as well as
experienced manpower across hierarchy. Well
developed internal training programs,
customized management development
programs with the involvement of professional
training institutes and experts were also
organized.

At present, NPCIL is having about 11,660
employees. Optimization of manpower, an
important strategy towards best utilization of
human resource was continued. During the year,
214 trainee engineers were inducted for NPCIL
Batch-19 as a part of the annual program for
induction of young talent into the organisation.
Fourteen direct recruits in the scientific cadre and
forty seven posts in the non-technical cadre were
filed through the centralized recruitment
process.

The Institute of Physics contributed in a
significant way towards quality human resource
development in the form of a one year pre-
doctoral course followed by a Ph.D. program.
Twelve post-doctoral fellows were attracted
towards the research programs of the Institute.
During the year, three doctoral scholars received
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thelr Ph.D. degrees, while four scholars jolned the
pre-doctaral program. The Insiitule actively
promoted interactions with colleges, universities,
academic institutions and laboratories by means
of visitor programs, workshops, symposia and
other academic svents.

IMSc continued lts teaching programme
and students wers selected at the graduate and
postgraduate level through an all Indla joint
ermtrance screaning test followed by an imerview.
They undergo two yaars of rigorous course-work
followsd by a docioral thesis work for award of
PhD degres by HENI. Apart from thiz regular
activity, IMSc alsc offered an opportunity of
lsaming for few studants during the summesr
vacation period. Several students vistied the
Institute for a semester working on shori-time
regearch projects. Ingtiute members imeracted
oextensively with their colleaguess in the
Universities and this interaction takes place via
Faculty Associsteship Programme, Refresher
Courses for collsge teachers and Science
Popularisation programmes.

Tata Memoral Hosplial (TMH) reglstered
students for various postgraduate medical
courses. A two year short tarm advanced diploma
in Radio Imaging Technology was started.
Training programmes were conducted for
Doctors, Nurses and Technicians on continuing
basls. Short iermm observership and summer
tralning was provided to more than 500 Doctors,
Nursas, Technicians, graduats and postgraduats
sclence students.

with the aim of nurturing world class
sciertists for the courrry to take up challenging
research and tsaching assignments in
universities, R&D laboratories and wvarious
Industries, Natlonal Insthute of Sclence
Education and Ressarch (NISER) continued lis
axcellence In aclence education and reasanch In
four baslc sclences Blology, Chemisiry,
Mathematics and Physics.
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Administrative Training InstHute

ATl arranges a wide range of tralning
programmes for professional development of
officials working in DAE. There has been a steady
growth in the number of courses baeing
conducted and number of employees being
coverad. About 380 programmes covering over
11000 employees have been organized il now
by ATl and a growth of about 175% was achlevad.

No of No of
Year Programmes | Participants

2007-08 34 1020
2008-09 45 1687
2009-10 56 1880
2010-11 74 2220
201112 76 2071
2012-13 96 2200
Total 381 11078

No of Programmes

14

m
i
o s ol Frograremn
| I
; I
B

200708 IO 0 2008 L0 20 10-1 § 204013 HOL2-10

The fralning programmss catered to a
wide spectrumn starting from the Head of Units to
the grass root kwvel. During the year 96
programmes were organised that included.
Induction ftraining programme for the newly
recrulied administrative and szecurlty staff;
Praparatory workshops for cand|dates appearing
for varlous dapartmental examinatlons and
peraonal Interviews; Domaln knowladge and sklil
enhancamert serles courses on different
modiules for various target groups with specific
subjects based on functional requirement;
Special workshops on land acquisition and motor
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qul:iun training programme for the
recrulted sacurtty staf

vahicls accldant maiters, workshop on |law and
madicine, workshop on post retirement Ife
management; Workshops on soft skills for
various target groups; Programmes for Union /
Association represeniatives on soft skills,
coimputer applications, Reservation in services,
AT etc. Special workshops on handling projacis,
patent law, presentation skdliz were organlzed for
sclentific and technlcal officers; Faculty
development programmaes for bullding Inchouse
resource parsons; Management development
programmes for Group A & B officers with the
support of M/s. Yashwantarao Chavan Academy
of Development Adminlistration
(YASHADA),Pune, Adminigtrative Training
Institute, Mysore and Mahatma Qandhl State
Instiiute of Public Adminisiration, Punjal.

In order to align with the National Training
Policy, strategies such as “Training for All” and
*Training at Doorstep” were used and fraining
programmes were ammanged In many languages
at different locallles llka Shillong, Manuguru,
Kalpaldeam, Hyderabad, Baroda, eto.
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As part of employse welfare a two day
workshop on "Emotional imelligence® and a one
day workshop on "Security Awareness” were
organisad for the famlly members of employees.

A dedlcated webpage was put under DAE
website hitp:/fatl dae.govin which contalns the
latest calendar, seif learning materials, copies of
prasentations etc.

SPONSORED RESEARCH

Board of Rasearch In Nuclear Sclences
(BRNS)

The Board of Research in Nuclear
Sciences (BRANS) an advisory body of the
Department of Atomic Energy provides financial
assistance to universities, academic Insthutions
and national laboratorles for encouraging and
promoting aclentific reasarch In argas of
relevance 1o the mandate of DAE..

it also plays a proactive role in tapping
some of the highly talermed young scientists and
technologists by offering K.5. Krishnan Research
Assoclateshlp (KSKRA). DAE Graduate
Fellowshlp Scheme (DQ@FS) of BRNS Identifies
and encourages graduate level students doling
M.Tech. at IITs and NiTs to iniliate them in & carser
to pursue scientific research. Selected young
scientists are awarded fellowship under DGFS to
work on research projects in any cne of the DAE
uniis, simultansously pursulng Ph.D. degrese
through HBNI. Raja Ramanna Fallowship and
Homl Bhabha Chalr ls also funded through
BRNS. In addition BRNS provides partial support
to DAE - Mumbai University Centre for Excellence
in Basic Sciences and Homi-Bhabha Centre for
Science Education.

During the financial year tlll January 2012,
about 300 new research projects were
sanctioned. In addition, three new CRPs (Co-



RESEARCH EDUCATION LINKAGES

ordinated Research Projects) were sanctioned for
coherent collaborative research work with various
academic institutes. These are: (a) Uncertainty
Analysis and Management in Engineering and
Environmental Systems with [iSc., Bangaluru (Rs
2.62 Cr. for three years), (b) Hemote Sensing
Technology for Beach Sand Placers for Thorium &
Rare Earth Elements with Bharathidasan
University, Trichy (Rs.2.71Cr. for three years) and
(c) Upgradation and utilization of National Facility
of Texture & Orientation imaging microscopy
OIM: Extending the Scope & Usage (phase Ill)
with IIT Bombay (Rs. 7 Cr. for five years). BRANS
also renewed the MOU with University of Pune for
Phase-lll of the National Centre for Free Radical
Research (NCFRR) for the year 2012-2016 (Rs.
1.28 Cr. for five years).

Fourteen new DAE-SRC fellowships
amounting to Rs, 14Cr. were awarded to 7 DAE &
7 Non-DAE fellows. Five ongoing Prospective
Research Fellowships (PRF) amounting to * 0.48
Cr. were granted this year.

Twenty KSKRA fellows were selected
during 2012. Under DAE Graduate Fellowship
Scheme (DGFS), Nine M.Tech. in 6 different liT's
& Thirty-Six Ph.D students were offered/awarded
fellowships.

Financial support to the tune of Rs. 3.4 Cr.
was extended for funding 148 seminars, which
were conducted by professional organizations on
various topics of relevance to DAE. Out of these
19 symposia were solely organized by the DAE
fraternity and they were fully funded by BRNS.
Thirty-eight fellowships were offered/awarded
under the Raja Ramanna Fellowship Scheme
(Senior Scientists Scheme) & Homi Bhabha
Chair,

Promotion of Mathematics

The National Board for Higher
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Mathematics (NBHM) established under the
aegis of DAE promotes excellence in higher
mathematics education and research in the

country.

NBHM took active part by extending its
support to the 125" birth anniversary year of
Ramnujan and celebrated the year long period
December 22, 2011 - Decamber 22 2012 as
National Mathematics Year. Eminent
mathematians across the globe delivered
“Panorama Lectures” in various Institutes of the
country.

NBHM has been organizing the
Mathematics Olympiad activity for talented young
students at higher secondary (the plus two) level.
This activity is conducted with the help of the
Homi Bhabha Centre for Science Education
(HBCSE). The six-member Indian team secured 2
Gold medals, 3 Silver medals and a Honorable
mentions at the 53rd International Mathematical
Olympiad held at Sao Paulo, Argentina.

Madhava Mathematical Competition for
the undergraduate students is being conducted
by NBHM. The competition is designed to
generate interest in mathematics in early years of
coliege. NBHM is in the process of creating
suitable infrastructure, in the form of human
resources, for this purpose.

NBHM supported 24 mathematicians to
attend International Congress of Mathematics
Education held at Seoul, South Korea, to acquire
latest Information in the field of Mathematics
Education.

NBHM gives grants to various
mathematical centres engaged in activities of
promoting higher mathematics. The Chennali
Mathematical Institute that runs a high quality
undergraduate programme in mathematics is a
regular recipient of grants from NBHM. The
Kerala School of Mathematics, Calicut the
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Institute of Mathematics and Applications,
Bhubaneswar and the Bhaskaracharya
Pratishthana, Pune, are the other institutes that
got grants from NBHM for their various
programmes.

The Board provided scholarships and
fellowships to the students selected through
nationwide competitive tests, to pursue studies at
the masters and Ph.D. levels. Mathematics
Training and Talent Search programmes at
undergraduate level and Advanced Training in
Mathematics (ATM) programme for selected
students at postgraduate level were undertaken.

NBHM provided grants for promotion of
activities in pure and applied mathematics, under
several schemes, including suppori to research
projects, travel grants for participation in
workshops, conferences, and undertaking
collaborative research, funds for organizing
conferences etc. It also provided granis to
mathematics libraries around the country. Around
80 such libraries took advantage of this scheme
and updated their collection. Selected books to
various postgraduate institutions under s book
distribution schemes were also distributed.

Financial support was provided to 65
national and international conferences held in
India, and 17 Instructional Schools for advanced
training in mathematics and 31 research projects.
Travel grants were provided to 58 mathematicians
to enable them to participate in conferences held
in Indiaand abroad.

Seven institutions were provided faculty
support In the form of Visiting Professors, to
strengthen the research and teaching potential at
the institutions. Post Doctor Fellowships were
awarded to 36 (including the ongoing ones)
researchers forthe period of 3 years.

Steps were taken to create a web-based
interactive system for communication, evaluation
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of proposals. This will help researchers to abtaina
prompt response from NBHM on their
applications for grants.

GRANTS-IN-AID

Grants to Aided Institutions

The aided institutions of the Department
of Atomic Energy are an integral part of the
Departmeni. There is frequent interaction
between the academicians of the aided
Institutions and the Scientists of the R&D Units.
Several joint projects were undertaken between
the Units and Aided Institutions. These
institutions are growing at a faster pace in terms of
the projects undertaken by them.

The Department has eight aided
institutions and one education society fully
funded in terms of their recurring and non-
recurring expenditure. The funds (Plan & Non-
Plan) allocated to these Aided Institutions by the
Department of Atomic Energy during the financial
year 2012-13 are as mentioned inthe table:

Grants to Cancer Hospitals

The Department of Atomnic Energy (DAE)
Is releasing grant to Dr. B. Barooah Cancer
Institute (BBCI), Guwahati through Tripartite
Agreement [which was signed between DAE and
the North-Eastern Council (NEC) and the
Governmerni of Assam]. This hospital is a
Regional Cancer Centre (RCC) for cancer
treatment and control in the North-Eastern
Region (NER). The Department's total share as
per the Tripartite agreement upto the year 2012-
13 is approximately Rs.24.50 crore for
revitalization of the BBCI which includes the cost
of construction for expansion of the hospital as
well as the procurement of major radiation related
equipment during its Revitalization Project-lll
which has been started during the year 2004 - 05.
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Budget
Sl. Name of the Institutions Provision
No. BE 2012-13
(Rs. in crore)

1. Tata Institute of Fundamental Research (TIFR), Mumbai 403.68

2. | Tata Memorial Centre (TMC), Mumbai. 248.14

3. | Saha Institute of Nuclear Physics (SINP), Kolkala. 153.50

4. | Institute of Physics (IOP), Bhubaneswar 21.70

5. | Institute of Mathematical Sciences (IMS), Chennai. 31.41

6. | Harish-Chandra Research Institute (HRI), Allahabad 37.21

7. | Institute for Plasma Research (IPR), Gandhinagar. 661.22

8. | Atomic Energy Education Society (AEES), Mumbai. 83.92

: National Institute of Science Education and Research 556,60

" | (NISER), Bhubaneswar. '

Department has also proposedio st up a Cancer
Hospital at Punjab.

The Deperimant also axtended financlal
asslstance to Gancer hospltals located In other
parts of the country. The bucget provision for the
year 2012-13 for such partial financial assistance
i to the tune of Rs.165.70 crore.

An Increasing need was falt to use tha
expertise avallable In the DAE funded Tata
Memorlal Hospltal for creafing a befter network
between cancer ingtitutions all over the country.
This included ressarch & development, fraining
and preparation of protocols for treatment ag well
a8 Incentives for Indigenkzation of much of the
radiation related squipment for cancer treatment.
An Apex Commitiee was formed under the
Chairpargsonship of Director, TMC, for this
purpose. The Apex Committee met several times
and delibsrated on indigenous developmsnt and
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manufacturing of equipment related to radiation
oncology such as Cobalt 60 Tsletherapy
Machine, Low Energy Linear Accelerator, High
Energy Linear Accelsrator, simulator

development, Brachytherapy.

The initiatives taken to achieve the above
stated objectives would lead to further gaing in
DAE's outreach Inthe cancer care programme.
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TECHNOLOGY TRANSFER AND
COLLABORATIVE PROGRAMMES

K-200 shock testing machine Installed at BARC



MolJ signaed with M/s Divyakiran for Radiation
Procassing Plart at Anand, Gujarat



CHAPTER 7

TECHNOLOGY TRANSFER AND COLLABORATIVE PROGRAMMES

The spin-off technologies generated out
of the core programmes of the Research and
Development organizations of DAE are
developed and transferred to industries for
commercial exploitation. Over a period of time, a
number of technologies were transferred to
industries.

DAE organizations also entered into
scientific collaborations with public and private
sector organizations. This interaction has given
beneficiary organizations a technological edge.

TECHNOLOGY TRANSFER

During the year, BARC transferred about
fifteen technologies to 28 private enirepreneurs.
This included Nisarguna, Online domestic water
purifier, Membrane assisted defluoridation
process for safe drinking water, Preparation of
composite polyamide reverse osmosis
membrane for BWRO desalination technology,
UF membrane assisted device for removal of iron
from contaminated water for drinking purposes,
Kvp meter, Dip N Drink, Glass to metal seals
technology, Lascan Dia Gauge, Production of Dy
Doped CaSo, TLD Phosphor Powder, Process for
retaining pericarp colour and extending shelf lite
of litchi, Fresh Water Generator, Micro-
propagation of Banana, Production of CaSao, : Dy
Embedded Teflon Discs and TLD Cards and
arsenic removal from drinking water by
ultrafiltration membrane assisted process.

Thirteen technology licenses were
renewed. Two patents were granted and one
patent application was filed. BARC Technology
Incubation Cells were ready for operation and
handed over to respective divisions. Expression
of interests was Invited from Industries for
incubation of various technologies.
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Facllitation Centre for Industrial Plasma
Technology (FCIPT) at Institute for Plasma
Research executed several projects and also
signed new projects with various organisations,
autonomous bodies and private sector
companies.

COLLABORATIVE PROGRAMMES

At BARC, four pieces of prototype fuel
tube made of high-density carbon-carbon
composite was prepared in collaboration with
National Physical Laboratory (NPL), New Delhi.
Under a MoU with 10CL, BARC developed
Pipeline Inspection Gauges (PIGs) for pipelines
of several sizes ranging from 12" to 24".

The BARC developed Environmental
Radiation Monitor (ERM) system was integrated
with the Automatic Weather System (AWS)
developed by ISRO, under a BARC-ISRO, Mol.

Under a tripartite MoU between BARC,
HESCO and BRNS, an Isotope hydrology
laboratory was set-up at HESCO, Dehradun to
train the local people as an in-house facility for
spring recharge related studies carried out at
BARC.

BRIT signed a MoU with M/s Isorad Tech
Pvt Ltd, Chennal, M/s Divyakiran Agro Processing
Pvi. Ltd, Anand, Gujarat and M/s Radura
Iradiators, Nashik, Maharashtra for setting up of
Radiation Processing plants.

At IMSc, the collaborative research
programmes included, CEFIPRA: Arithmetic
circuits computing polynomials with University of
Paris and an Indo-German research grant of the
Humbeldt Foundation for research on the graph
isomorphism problem.
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SOCIETAL INITIATIVES

DAE has launched "DAE Societal
Initiative' for utilization of non-power applications
(NPAs) and spin-off technologies (Spin-ofis) in
the areas of water, land, agriculiure, food
processing and urban-rural waste management.
Within this frame work, a structured programme
called 'AKRUTI-KRUTIK-FORCE' was
formulated and Is being Implemented by BARC
for techno-economic growth of the rural sector, as
one of the many schemes for large scale
deployment of NPAs and Spin-offs. During the
report period under the DAE social initiative
programme, AKRUTI Tech pack was transferred
to B parties by BARC.

INTELLECTUAL PROPERTY
RIGHTS

DAE-IPR Cell constituted by the
Department, works as a nodal agency for all
Intellectual Property Rights (IPR) related matters
including filing of patents within India and abroad
for all the Units including Public Sector
Underiakings and Autonomous Institutions under
DAE.

During the calendar year 2012, four
regular DAE-IPR cell meetings were held during
which thirteen new inventions and two of the
previously filed applications under Patents
Cooperation Treaty (PCT) applications were
reviewed for patentability and national phase
entry respectively. DAE has filed twenty one new
patent applications that Includes nine in India,
four in USA, three in the European Union, two in
Japan, one each in China and Canada and one
under PCT.

During the year 2012, eight of the
previously filed patents have been granted to the
Department. Seven out of the eight patents were
in foreign countries.
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1. Emergency leak arresting device for a
collared pipe (Canada and South Korea) - BARC

2. A hydraulic micrometer system for remote
measurement of inside diameter of pipes and
tubes and a method of such measurement
(Canadaand USA) - BARC

3. A process for producing Body Centeric
Cube (B2) Nickel Aluminium (NiAl) coating of
controlled thickness on Nickel-base alloy
surfaces (Russian Federation) - IGCAR

4, Single stage purification of Uranium
refining (Australia) - BARC

5. Fluorescence correlation microscope
with real time alignment readout (European
Union) - TIFR

During the year, 80 patent applications
were referred to the Department by the Controller
General of Patents, Intellectual Property (IP)
India, to screen for the applicability of section 20
(1) of Atomic Energy Act, 1962, i.e., whether the
application is related to or useful for atomic
energy, and give its opinion. Directions of the
Department were communicated tothe Controller
of Patents in India.

As a part of the IP awareness activities,
lectures were given to the 56th batch of the
training school (OECS-2012) students covering
all aspects of intellectual properties, protection
and rights emanating thereof. The 47th DAR-IPR
cell was held at RRCAT, Indore along with lectures
on IP awareness. A Technology Information,
Forecasting and Assessment Councll (TIFAC)-
BARC training program on IPR and WTO issues
was conducted through DAE's Administrative
Training Institute (ATT) at Vikram Bhavan, Mumbai
for the benefit of officials associated with IP from
various units of DAE. Lecture on IPR and its
relevance to DAE was also delivered at the
Administrative colloquium of BARC.
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Constructed Laboratory building for IOP Physics, Bhubaneshawar



Weiar Treatmant Plant of G50, Kalpakkam



CHAPTER 8
INFRASTRUCTURE

CONSTRUCTION, SERVICES &
ESTATE MANAGEMENT

The Directorate of Construction, Servicas
& Estate Management (DCSEM) Is responelblato
provide Infrastructure support 1o varous unlts of
Department of Afomic Ensrgy (DAE) Including ks
aided institutions, DCSEM is involved in
executing consitruction works for Housing,
Schools, Hospitals, Laboratories, various Public
Bulldings & othar Infrastructura In suppaort of the
Sclence & Technology programme of DAE. This
Directorate is responsible for operaion and
maintenance of various searvices, estate
management and security for the housing
colonlee of DAE at Mumbal.

During the year, consiruction of RCCe
underground water tank of 375 KL capacity with
drywsll pump room for CISF quarters at western
Sector, Anushaktinagar, Mumbai, RCC Bridge
over netural nalleh near typs |-G housing In
wostem sactor, Anushaktinagar and DAE Nodal
Dispensary &t kKharghar, Nav Mumbal were
completed. Works relating to edension of
School-4 for AEES at Anushaktinagar, Director's
Bungalow, flat leis for Indlan Instlde of

Construction of Type—|-B building for
IIT, Powal, Mumbsal

Geomagnetism (IIG) at Panvel and Apariments
for QIP/ DRDO for IIT Bombay at Powai, Mumbai
were also completed by DCSEM.

Construction works of Convention Centre
{ 8r. Officers Quest House and Administrative
Training Ingtitute Complex, Residential Quarters
for CISF personnel, Restoration / Renovation of
Old Housss more than 20 years old Phase-l,
Cracha Facllity at Anusheldinagar, Upgradation of

i ¥l N

Construction of Nodal Dispensary works
for BARC at Kharghar Navi Mumbal

services, Construction of 356 nos. residential
quarters and Hostal for treiness of BARC/HENI at
Anushaktinagar, Mumbal ware In prograss.

Construction works of DAE Units /
Autonomous Institutes such as Research and
Tralning Block for FReT project TIFR, Hyderabad,
Constructlon of Tralnlng School, Core
Library, Hostel, Dining/Multipurpose Hall and  staff
quarters for Atomic Minerals Directorste (AMD) at
Cherlapally, Hyderabad, Construction of Pre
Engineersd Multipurpose Hall at VECC Rajarhat,
Kolkata, Constructlon of Medlcal Cyelotron
bullding Kolkata, Computer & Information Genire
at VECG, Kolkata, Construction of RIB
(Radioactive lon Beam) Building for VECC, Fire
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Station and & Anunet substation Building at
VECC, SINP Canteen, Kolkata, Academic
Township, Sports complex and Residential
Township for NISER, Bhubaneswar, Construction
of a buliding for Fission based "MO Production
facility for BRIT adjacent to ISOMED plant near
South Site gate of BARC at Trombay, Mumbal
and Compound wall for GCNER, Harayana also
made progress.

Major work orders were issued by DCSEM
for Construction of Extention of V.5.Bhavan at
Anushaktinagar, Upgradation of Substation 5&6
at Anushaktinagar, Construction of Laboratory
Building for IOP Bhubaneshawar, Construction of
Academic Block and Residential Quarters along
with infrastructure facility for ICTS (International
Centre for Theoritical Sciences) Bangaluru.

The Engineering Services Division of
DCSEM maintained DAE residential flats (9821
nos) and public bulidings In Mumbal Including
execution of up-gradation works required for the
buildings. The Directorate is also responsible for
the operation and maintenance as well as up-
gradation of electrical power distribution, lifts,
water supply, sewer lines and sewage treatment
plant, fire fighting system, rain water harvesting
system and energy conservation of the services in
the large Anushaktinagar township.

The Estate Management Section
continued to manage the allotment of residential
fiats, shops including public buildings and the
security for the DAE estate in Mumbai. Schemes
worth As 281.32 Crores were executed for various
DAE units and other departments, including the
projects for DCSEM worth Rs. 110 Crores.

PURCHASE & STORES

The mandate of DPS is to procure right
material at right price, storing and issuing of the
same to various constituent organisations of

DAE. DPS also caters to the materials
management needs of the R&D units and the
Industrial units of DAE.

A gist of the quantum of work carried out
by DPS during the financial year 2012-13 is given
below:

Uranium fuel imports

With the opening of nuclear trade to civil
nuclear facilities it became expedient to leverage
the enormous experience of DPS. Several short
term as well as long term contracts for
procurement of enriched uranium as well as
uranium ore and pellets were entered and the
supplies were received without any hurdle and
delay. New sources were also explored and
effarts were on for further procurement.

IT activities

To meet new challenges of increasing
departmental needs, DPS took initiative for
introduction of information technology. Several
parallel contracts for creating infrastructure for
implementation of e-procurement were entered
and e-tendering was initiated at Madras Regional
Purchase Unit, Hyderabad Regional Purchase
Unit and Local Purchase Section of DPS
Headquarters, Till date about 11,000 tenders
were issued and finalized. A new contract for e-
tendering was entered into with M/s. [Tl based on
the MOU between DAE and M/s. ITI. Several other
activities for implementation of end-to-end e-
procurements were at progressing stage.

Export of Heavy Water

As per the international packing
requirements, DPS had undertaken tropical
packing of all Heavy Water consignments
exported by DAE and provided logistic and
documentation support.
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Inventory Development

To ensure seamlisss flow of materials to
users, the procurement of consumable stores,
commonly used by Units in Mumbai was carried
out by Central Stores Unit.

The comparative graph for tha last two
years for DPS Headquarters and major Reglonal
Units deplcts the Increase In purchases.

Obsolete, unserviceable equipments &
machineries, condemned vehicles and other
scraps wore dispossed of by way of sale tenders
and a revanus of about 6 crore was ganarated.

Stores also provided effective support to
units in material handling activities like receiving,
custody, preservation, accourting and issues in
addition to physical distribution of materials
betwesen uniis located at varlous states and
physical movements within units.

GENERAL SERVICES
ORGANISATION

Genaral Services Orgenlisation,

Kalpakkam takes care of the common faclilidas
such as Housing, Medical sarvices, Office
transport services, Water supply, Solid waste

Walus of Qralery i W Lstbon m 30000000 anad -1y

Quantum of Increass In purchases by DPS
during the financial year 2011-12
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of matgrials during 2012-13
collection end disposal and all malntenance
activities In the Atomle Energy Townships at
Kalpakkam and Anupuram which cater 1o the
nesds of various DAE Organisations located at
Kalpakkarm Viz. IGCAR, MAPS, BARC and
BHAVINI. GSO also provides administrative
support to various common advisory committees
conetltuted by Kalpakkam Management
Commiites (KMC).
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GSO provides Infrastructural facillies and
administrative support o Kendriya Vidyalayas,
Atomic Energy Central Schools and Atomic
Energy Central Higher Secondary School.
Infrastructure support was provided to Nuclear
Empioyees Sports and Cultural Organtzetion. All
Departmental adminlstrative work relating to
Kalpaldiam Nuclear Installaion Local Authority
(KNILA) was carried out by GSO.

The General Services Organisation was
involved In the varlous activities under
Nelghbourhood Development Programme 88
part of soclal welfare In the viliages around
Kalpakdam.

GSO provided a clean and green
environment with all essential amenities to the
two townships Kalpakkam and Anupuram.
Following wera the highlights of varlous activitles
undertaken by QS0 during the year 2012,
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Deaaign and Construction

The Architectural & Structural engineering
design was completsd and drawings were
releasad for congtruction of shopplng complex
{Phase-l) at Anupuram Township.

Construction of officers hostel cum guest
house and Phasel of shopping centre at
Anupuram Township was initisted and it made
progress. To provide more consuliing rooms for
doctors, extension of first floor of hospital at
Kalpakdam townshlp was completed.

During the year, 1 MGD and 0.60 MGD
weater from Water Treatment Plants at Kalpakkam
and at Anupuram township wers supplied to the
residents.

Maintenance

GSO malntained uninmterrupted power
supply to both the townships. A computer section
wag setup to establish backbone Network for the
Anupuram Township, automation of GSO
actlvities, providing blomestric attendance
gystem, establishing e-tendering facliities and
organlzing the GS0 wabsite.

Quallty Circle

During the year, two quallty clrcle teams
from GS0 viz. EDISON and SAKTHI participated
In the reglonal level meet at Hosur and were
awarded the gold and silver cup respactively. Two
teams — PLEISTOCENE arxd SUSHRUTHA were
nominated forthe National meet.

Energy Conservation Efforis
Root cause analysis for reducing power

consumption by alr condiioning systems was
carried out Automated energy saving devices
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Quality Circle award winners of GSQ

was introduced in the street lighting systsms and
pump opersation systems.

indusirial Safety

Industrial sefety activitles wers Inliated to
ensure safe working conditiona and practices
during construction of high rise bulldings that are
planned to be built at Anupuram Township.
Mandatory industrial safety raining program was
provided to sach and every construction worker
InGE0 slte.

Auto Shop Activitiea

Preventive maintenance ar repairs of all
Light / Heavy vehicles and heavy equipment of
G800, IGCAR, MRPU, NDDP and BARC Facilities
were camed out. A number of engine overhauls
wera undertaken to reduce exhaust pollution and
Improve mileage.

Madical servicea

GSO conducted medical screening
camps at the DAE schools and Tamil Nadu
Govermnment Schools at Kalpakicam.
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Product launch of Carrler Ethermat Switch Router ECR-1000 sarles by Dr.R.Chldambaram,
Principal Sclentific Adviser to the Govt. of Indla
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Product Launch of Programmable Logic Controller (MPROGICON 5000)
by Dr. Anll Kakodker, Member, AEC and Shrl Y.5. Mayya, C&AMD, ECIL



PUBLIC SECTOR UNDERTAKINGS (FINANCIAL PERFORMANCE)

Financial performance of DAE's public
sector undertakings namely, the Nuclear Power
Corporation of India Ltd., Uranium Corporation of
India Ltd., Indian Rare Earth Lid. and Electronics
Corporation of India Lid. are given below.
(BHAVINI is yet to commence commercial
operations)

Operational highlights of these public
sector undertakings, except ECIL, have been
covered under the relevant major programme
heads. Gist of the operational performance of
ECIL Is given here.

NUCLEAR POWER CORPORATION
OF INDIALTD.

The provisional net profit after tax (PAT) for
the year 2012-13 was Rs. 1525 crore {up to
December 31, 2012) The net profit after tax for
previous FY 2011-12 was Rs. 1906 crore.. The
NPCIL bonds continued to be rated at AAA
(Highest Safety) by CRISIL and CARE.

URANIUM CORPORATION OF INDIA
LTD.

The overall performance of the Company
in terms of MoU signed with DAE was rated as
*Wery Good" for the year 2011-12. The total
income of the Company during the year 2011-12
was Rs.707.28 crore as against As.750.26 crore in
the previous year. The profit before tax during the
year 2011-12was Rs.86.27 crore.

INDIAN RARE EARTHS LTD.

For the financial year 2011-12, the Sales
Tumover (net off excise duty) was Rs. 622.40
crore and Profit Before Tax was Rs.249.84 crore.

As against this, for the financial year 2010-11 the
Sales Tumover and PBT were Rs. 388.50 crore
and Rs. 52.44 crore respectively. During the year
2011-12IREL had eamed foreign exchange of Rs.
200.76 crore which is 119% more than the
previous year. The Company paid Rs.34.50 crore
as dividend for the financial year 2011-12 which
amounts to 20% of profit after tax of the current
year. |REL is expecting a total tumover of Rs.
538.00 crores fortheyear2012-13.

ELECTRONICS CORPORATION OF
INDIALIMITED

Electronics Corporation of India Limited
(ECIL) is engaged in the design, development,
manufacture, supply, installation and
commissioning of a wide variety of electronic
equipment for Atomic Energy, Defence,
Aerospace, Security, Information Technology and
e-Governance sectors. ECIL is also a key partner
in the implementation of National Population
Register (NPR) and socio-economic & caste
census (SECC) projects of Govt. of India.

During the year, ECIL took major initiatives
to introduce new products such as Indigenously
designed carrier switch routers, secure network
access system (SNAS) and integrated threat
management appliance (ITMA) to mitigate the
information security concerns especially in
strategic areas.

Performance

During the financial year 2012-13, against
an Mol target of Rs.1600 crore each of
production and net sales, ECIL achieved a
production of Rs 984 crore and a net sales of
Rs.927 crore upto November 2012 as compared
to Rs.581 crore and Rs.562 crore respectively for
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the comresponding period during 2011-12. The
company has sufficient orders on hand and is
confident of meeting the targets set forthe year.

The significant achlevements during the
year 2012-13 In the strategic sectors were as
follows:

)] Atomic Energy Sector

= Supply Cortrol & Instrumertation (C&l)
egquipmert to PFBR project, B1/B2 and
P3AProject

. Fleld Englnaering Services to
Kudankulam Nuclear Power Project

)] Defence Sactor

u Supply of M7, TR 3060 and TH 2400
adlas

- Supply of MSAS-Il equipment
. Universal Fuzes

. Supply of Ground Control Systems for
Akagh and BrahMos2 Missllas

L] Supply of Sansor Packages and Antenna
Platform Unlts

) SpaceSector
. Supply of Communication equipment

Inciuding antennas for establishing a
Ground Station at Antarctica.

WV}  Securlty Sector

= Security Systems for Indian Embassy at
Kabul

. Securlty Systams to Kudankulam Nuclear
Power Project

- Jammers for Police Depariments of
various States

lv) OtherSeaciors

= Automation of Maharashira Sales Tox
Dapartment's operations.

* Supervisory Control and Data Acqulsition
Equipment to Oll and Steel Industries

* Project KAVERI for Govt. of Kamataka

vi} National Populstion Register and
Soclo- Economic Caste Conaus Projects

ECIL is associated with the craation of the
National Population Register (NPH) project for
diglitzsilon of census deta and also to acquire
blometric Information relating 1o the population.
The data digitization wasa completed and the bilo-
metric data capture was under prograss.

ECIL is also associated with the Socio-
seconomlc and Caste Census (SECC) of
Govemmentofindla. ECIL |s executing SECCIn
10 States and 90% of the data collecion was
completed during the year. The data verification
was under progress and the projectis sxpectedio
be completed by March 2013.

Fagging off of Antarctica Aranna by
8hi D.&. Jakn, Dy Director, National FemoteBoneing Centre (MABGC)
ared Maj. Gan. {Aoid.] Sanjeey Leomba, acting
Chylnron &Munsging Dirsatar, EOL
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Signing of agresment with Bose Insthubs, Kelksia for supply of
Powar Comerters to FAIR (Fadity for Ant-proton and lon Reasarch)

Research & Devalopment

The In-house R&D programme of ECIL lg
guided and supported by the Technology
Development Council. Work on the following
projecis was under progress:

v Carrier Switch Routera

. Devsiopment of Sofiware for Intslligent
Treffic Management System and Bullding
Automation

. Design, development and production of
Sacure Router and Transporiers

= DAMA Controller and  Generic Command
& Control Systern for EW applications

. Irtegration of ECSCADA software with
ECIL's MPROGICON 5000 PLC

. Monitoring and ssarch recelvers with
goftware for COMINT applications

# Microwave Signal Survay and Wids Band
Analysls System Inciuding Spectrum
Monltoring Softwane for EW applications

. Integreted V/UHF Search and Direction
Finding Systam

New Products Introduced

* BF3 based Drum Monltor, EC Router

. Votsr Verifiable Paper Audit Trail (VWPAT)
. Group Command Post

. Software Definad Radlo (SDRs)

. MPROGICON PLC Systam

. T80 Gyroand THggers

Certification of the applicable
Quallty Management Syatemsa

Survelllance audits of ISO 9001:2008,
Safety, Health and Erwironment (3HE) and
Calloration and Measurement Laboratory were
complated.

Collaborstions

ECIL has ermered into strategic tie-ups with the
foliowing companies to strengthen its activities:

- M/a. Toshlba, Japan for supply of
Antennas for Weather Radars

* Bose Institute for supply of Ulira Stabla
Power Convertars for FAIR, Germany.

* Instihute of Plasma Research (IPR) for
tachnlcal know-how and llcensed
production of HY Power Suppliss

* M/s. Infronles, Hyderabad for supplying
Elactronic Voting Machines to the Election
Commiasion of Indonesia.
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Outlook for 2013-14

The company is aiming to achieve a target
of Rs.1800 crore during 2013-14 covering
tollowing supplies and services:

Atomic Energy:

. C&l equipment to various Nuclear Power
Plants of NPCIL, PFBR & B1/B2 Projects

. Radiation Gas Monitoring Systems

. Radiation Detection Equipment for
Seaports

. MNew range of Area Gamma Monitors

. Access Control Systems

. High Temperature Fission Counters,
Boron Coated Counters
Defence:

o M7, TR 3060 and TR 2400 radios, MSRS-II

. Speech Secrecy Equipment, Signal
Analyzing Systems

. Carrier Switch Routers and Secure
Transport Routers

. Encryption Equipment, Mobile Command
Post

. Command Control Centre, Seekers

. Mobile Automatic Surveillance Monitoring
(MASM) & Direction Finding (DF) Systems

Aero Space:

- Actuators for Unmanned Aerial Vehicles

Solid State Cockpit Voice Recorders
Security:

. Security Systems and Jammers

Others:

. EVM Mark-ll, VWPAT (Voter Verifiable
Paper Audit Trail) systems, multi-post and
multi-vote Electronic Voting Machines to
State Election Commissions

. SCADA Systems to Qil Pipelines and Steel
Industries.

. NPR biometric enrolment, Network
Routers
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Dr. A K 8inha, Chalman, Atomic Enengy Commission,being briefed by
Shrl N Salbeba, Chist Execuiive, NFC,2t Indla Nuclsar Energy 2012, Mumbal



Farticipants of the 24th DAE All indla Essay Contest
with the OfMclale of the Public Awareness Divislon, DAE
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NATIONAL SECURITY

BARC continued implementation of the
necessary research and development as well as
manufacturing activities required for national
security.

CRISIS MANAGEMENT

The Crisis Management Group (CMG), a
standing Committee of senior officials of the
Department of Atomic Energy (DAE), is
responsible for coordinating the Depariments
response to any radiation emergency in the
public domain. Such an emergency could be due
to events taking place either within a nuclear
facility or at other facilities handling radioactive
materials such as hospitals or industries, and due
to an accident involving the transport of nuclear
material or even due to any deliberate atternpt.

With deployment of multiple safety
systems and due to inherent design features, the
possibility of any accident in a nuclear facility or
during transport which might lead to a radiation
emergency in the public domain is highly remote.
However, in order to handle any unforeseen
situation, formal emergency response systems
are in place and are tested regularly to ensure that
there would be no radiation hazard to the public.
All these activities are overseen by an
independent regulatory authority, which ensures
that all radiological safety issues are adequately
addressed. Further, in case, such an unlikely
event does occur and leads to a radiation
emergency In the public domain, a response
system is In place to tackle such situations by
mobilizing the expertise in the Department of
Atomic Energy. The specialized technical support
would enable public officials to effectively
address the situation. The CMG also provides its

expertise in various forums in the field of disaster
management at both national and international
levels.

The Crisis Management Group during its
meetings, reviews the crisis management plans
at different facilities, discusses on issues related
to radiological incidence, if any, In the country and
provide necessary guidance on matters related to
radiological safety in the public domain to avoid
the recurrence of such incidence.

A significant component of the
emergency response system of DAE Is the
availability of two emergency communications
rooms at Mumbai, which are manned on a round-
the-clock basis throughout the year. These have
multiple modes of communication and are in
constant contact with various nuclear facilities in
the country as well as with the International
Atomic Energy Agency (lAEA) in Vienna. The
Emergency Response System of DAE is also
available to respond to any request from public
official in the event of the reported presence or
suspected presence of radioactive material. For
this purpose, guidelines have been circulated to
all State Governments and Union Territories.

To ensure that the emergency plans are in
high state of readiness. major nuclear facilities
like nuclear power stations and hydrogen
sulphide based heavy water plants periodically
carry out a variety of emergency exercises. The
numbers of exercises carried out during the year
2012 were as follows:

Communication Exercises (395)
Fire Emergency Exercises (60)
Plant Emergency Exercises (47)
On-Site Emergency Exercises (9)
Off-Site Emergency Exercises (3)
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The off-site emergency exercises were
carried out in the public domain in the vicinity of
Heavy Water Plant, Kota on April 2012, al
Kudankulam Nuclear Power Plant at
Kudankulam, Tamil Nadu on June 2012, and at
Heavy Water Plant, Manuguru on Oct 2012
These off-site exercises were conducted by the
concerned district officials (the District Magistrate
or Collector is the off-site emergency director)
and information flows were established to the
CMG as well as to the National Crisis
Management Committee of the Union
Government. In addition to these exercises, the
National Disaster Management Authority (NDMA)
had arranged special training workshops on
'Disaster Risk Reduction' at several Nuclear
Power Plant sites to harmonize the procedure to
conduct mock emergency exercises and to bring
betier awareness among the district officials on
their roles and responsibilities.

During the year, an international tsunami
alert was received on 11 April, 2012 at 1400 IST,
with the 8.7 magnitude earthquake hitting the
west coast of northern Sumatra. Emergency
Response System of DAE effectively
communicated the message to our NPPs which
enabled them to promptly take the necessary
measures.

BARC SAFETY COUNCIL

BARC-Safety Council continued its
regulatory function to ensure the safety of all the
plants and facilities under its purview.

To comply with the requirement of
licensingfauthorization for operation of the variety
of radiation installations In BARC, the BARC-
Safety Council Secretariat had earlier prepared
Regulatory Guidelines, which specity the
requirements to be fulfilled for reauthorization of
existing old facilities of BARC. It addresses the
requirements for new radiation installations in
BARC.
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SCIENCE RESEARCH COUNCIL

DAE-Science Research Council that
comprises eminent scientists, continued with the
peer reviews ol basic research to ensure that
highest possible level of excellence is
maintained.

INTERNATIONAL RELATIONS

India continued to coniribute to palicy
management and programmes of the
International Atomic Energy Agency (IAEA).
There was also active involvement in
collaboration projects of a multilateral nature.
Discussions and engagement at the bilateral level
continued with the principal partner countries.

In the field of international relations, the
major activities and role that India had played are
described as under:

Bilateral Agreements

Intensive discussions were held with
Russia, France and USA both in regard to R&D
cooperation and Nuclear Power Plant Projects in
India. The first meeting of the Joint Working
Group under the Memorandum of Understanding
between DAE and ROSATOM of Russia
concerning broader scientific and technical
cooperation in the field of peaceful uses of
nuclear energy was held in Moscow on 4-6th July,
2012. Discussions with the USA relating to R&D
projects under the civil nuclear cooperation
framework were held under the aegis of the India-
US Joint Working Group on basic and applied
sciences and the India-US Joint Commission on
Science and Technology Cooperation in
Washington DC in January, 2012, A Joint
Committee meeting of DAE and CEA of France
was held in Mumbai in October, 2012.
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The Atomic Energy Regulatory Board
signed a Mol with the National Commission for
Nuclear Activities Control of Romania for the
exchange of information and cooperation in the
field of regulation of nuclear activities for peaceful
purposes on 18th September 2012. AERB also
concluded an agreement with the State Nuclear
Regulatory Inspectorate of Ukraine for exchange
of technical information and cooperation on
nuclear safety and radiation protection on 10th
December 2012.

Legisiation

The Atomic Energy (Radiation Processing
of Food and Allied Products) Rules, 2012 were
notified on 30 June 2012.

International Atomic Energy Agency
(IAEA)

Chairman, AEC led Indian delegation to
the 56th General Conference of IAEA in Vienna
from 17-21st September, 2012. The Indian
delegation called on Director General, IAEA and
in the margins of the General Conference held
bilateral meetings with the delegations of Russia,
USA, France, Bangladesh, Canada, Argentina,
Iran, Malaysia, Sri Lanka, MNamibia, Ukraine,
Vietnam and the NEA of OECD.

India hosted several |AEA workshops,
technical meetings etc., and offered the services
of its experis under the |AEA Technical
Cooperation Scheme in a number of fields. India
also participated in the various committees of
IAEA related to safety, safeguards, nuclear
engineering and application, nuclear law etc,

India made extra budgetary contribuiions
of USD 1 million to the IAEA Nuclear Security
Fund and USD 50,000 to the Innovative Nuclear
Reactors and Fuel Cycles (INPRO) of IAEA.
Operational Safety Review Team of I|AEA
undertook the first-ever mission to India in
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October - November, 2012. Units 3 & 4 of RAPS
were offered for the review.

Principal Adviser, DAE led a delegation to
the Fukushima Ministerial Conference on Nuclear
Safety held in Japan on 15-17th December, 2012.

Global Centre for Nuclear Energy
Partnership (GCNEP)

A Memorandum of Understanding
between the DAE and the Republic of France on
cooperation with the Global Centre for Nuclear
Energy Partnership of India was signed on March
2012. The Practical arrangements between the
Global Centre for Nuclear Energy Partnership and
the |AEA were also signed on 22nd March 2012.

A DAE delegation visited USA in July,
2012 to discuss possibilities of cooperation and
interface between GCNEP and US |aboratories
and national training centres.

Multilateral

India continued to participate in
coliaborative work in the European Organisation
for Nuclear Research (CERN) and the
International Thermo-nuclear Experimental
Reactor (ITER) project. On 4th April 2012, AERB
joined the Muliinational Design Evaluation
Programme as a full member.

International Conferences, Symposia etc.

A large numnber of foreign and Indian
scientists/engineers/experts participated in
International symposia, workshops, conferences
and meetings held in India under the auspices of
the 1AEA and various international/multinational
organizations. Over 1200 Indian scientists were
deputed abroad to attend international symposia,
workshops, conferences and technical meetings
conducted by IAEA and non-IAEA organisations.
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MANAGEMENT SERVICES

The Management Services Group
managed the IT infrastructure in DAE
headquarters that included round the clock local
area network and intemet access. It monitors
DAE's Plan projects and programmes for
preparing progress reports to the top
management.

As part of the IT services it managed
connectivity of DAE with all the three networks
namely ANUNET connecting all DAE Units, NKN a
state-of-the-art multi-gigabit pan-India network
and Internet. MSG provided video conferencing
tacilities in DAE over these networks,

DAE's web site (hitp://www.dae.gov.in), a
repository of various press releases, acts, rules,
agreements, orders, publications, achievements
of the department, downloadable forms for the
benefit of the public and having links to all its
constituent units was maintained by MSG.

Information Technology infrastructure in
DAE Secretariat was continuously upgraded by
MSG to keep pace with technology. A helpdesk
enabling delivery of IT services to the users was
operated.

MSG played an important role in framing
guidelines on IT security. The Group coordinated
the functioning of the Computer and Information
Security Advisory Group (CISAG) of the
Department constituted for the purpose of
overseeing IT security in DAE and its units. It also
coordinated quarterly internal IT security audits
by all units of DAE and communicated the IT
security guidelines for compliance. CISAG's
quarterly magazine "Cyber Diligence", providing
inputs on computer security was produced by
MSG.
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VIGILANCE

The overall responsibility of vigilance
activities rests with the Chief Vigilance Officer
(CVO) of the Department of Atomic Energy. To
facilitate proper functioning of the vigilance
machinery and to establish effective co-
ordination amongst the organizations, a senior
officer in each unit has been designated as
Vigllance Officer for vigilance functions. In the
Public Sector Undertakings such as ECIL, IREL
and NPCIL, full time CVOs are available to co-
ordinate the vigilance activities.

Vigilance functions include timely
transmission of various vigllance returns to the
Central Bureau of Investigation (CBI),
Department of Personnel and Training (DoPT),
Central Vigilance Commission (CVC), issuance of
prosecution sanctions, processing of vigilance &
disciplinary cases, monitoring of the progress of
inquiry proceedings, investigation of complaints
and others. An Annual Action Plan was worked
out by all DAE units. DAE prepared a
compendium of CVC guidelines on tendering
process and circulated it to all its units.

As per directives of CVC, Vigilance
Awareness Week was observed in the
Department of Atomic Energy, Mumbai from 28th
October to 3rd November 2012. The week
commenced with the administering of pledge by
Secretary, DAE to all the officers and staff of the
Secretariat in both English and Hindi. The key
note address was delivered by Special
Secretary/Chief Vigilance Officer, DAE. The
programme was attended by all the officials of the
Department. Vigilance Awareness Week was
also observed in the constituent Units/PSUs and
Aided Institutions of the Department.
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OFFICIAL LANGUAGE
IMPLEMENTATION

DAE and its constituent units, PSUs and

aided institutions continued to carry out their
activities to promote the use of Rajbhasha Hindi in
various disciplines of Nuclear Science and
Technology. Some of the efforts made in this
direction are highlighted below:

DAE conducted 14th All India Rajbhasha
Sammelan on 17th and 18th January,
2013 at AMD (Western Region), Jaipur.
Various lectures and programmes were
organized during the course of
Sammelan. The souvenir in Hindi on the
proceedings of the Sammelan was also
brought out.

The Headquarters of ECIL, Hyderabad
and its regional offices located at
Bangalore, Chennai, Kolkatta, Tirupati;
and HRI, Allahabad were notified under
Official Language Rule 10(4). Total 33
offices were notified under the said rule.

The Parliamentary Committee on Official

Language inspected ECIL, New Delhiand
BARC, Mumbai offices.

Five officers of DAE, BARC and NPCIL
participated in the Ninth World Hindi
Conierence organized at Johannesburg
city of South Africa in September, 2012
and submitted their presentations at the
conference.

The Department of Atomic Energy carried
out hindi inspections at TIFR, TMC, AMD
(Central Region), AEES, RRCAT, IPR,
HWP, Baroda; BARC, IOR and NISER. In
addition to this, various units such as
BARC, RRCAT, AMD, HWB, DCS&EM,
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DPS, NPCIL, ECIL, GSO, IRE, UCIL,
BHAVINI, IPR, and IOP inspected their
subordinate offices and sections.

Thirty five seminars and forty eight talks in
hindi on diverse subjects, mostly related
to nuclear science were organized and
the souvenirs in hindi on the proceedings
of the seminars/talks were also brought
out.

All Gazelte Notifications, Cabinet Notes,
Annual Reports and other documents
furnished to the varlous committees of the
Parliament, and the agreements and
MOUs were prepared bilingually.

Training in hindl noting and drafting in
hindi workshops was provided to about
1,800 officers and employees. 317
officers and employees under the
incentive scheme for doing original noting
and drafting in hindi, 92 typists under the
incentive scheme for hindi typing and 44
stenographers under the incentive
scheme for hindi stenography were
awarded.

208 Officials, 39 Typists and 19
Stenographers were imparted training in
Hindi, Hindi Typing and Hindi
Stenography respectively. 251 Officials,
36 Typists and 35 Stenographers were
given training in Hindi, Hindi Typing and
Hindi Stenography respectively. 122
Officials, 42 Typists and 12 Stenographers
wera given cash awards and other
incentives for successfully passing Hindi,
Hindi Typing and Hindi Stenography
examinations.

Hindi books worth Rs. 5,80,973/- were
purchased and books worth Rs.
2,88,819/- are proposed to be purchased.
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. Quarterly mestings of OLICs were held
regularly and the progress of
implementation of Hindi was monitored
regularty through OLIC meetings and
review of the Quarterly Progress Reports.

. DAE and 22 of ks establishments have
thelr Websltes In bllingual form and these
are updated regulady. Fresently, there
are 18,414 bilingual computers and 591
bilingual computers are proposed to be
purchased.

. The Hindl Vigyan Sahltya Parishad, a
voluntary organtzation of BARC continued
to publish a popular Hindl quartery
bulletin "Valgyanlk®. Pamphlets on various
subjects related to DAE's activities were
ailso prepared in bilingual form,

“ With a view to provide Information In legal
fleld, Lagal Advisor dellverad lectures In
Hindl on legislation pertalining to DAE at
Mumbal & Kalapakicam.

» Forty two house magazines and five
newsletters were brought out by various
establishments of DAE.,

. The total strength of Hind| Staff iIn DAE and
its constitusnt units was 125.

SCIENTIFIC INFORMATION &
RESOURCE MANAGEMENT

During the report period, the Sclemiific
Information Resource Centre (SIRC) of
Department of Atomic Energy procured many
new books, periodicals and other audio-visual
materials. User services such as Circulabion,
News Clipping Service callsd News Walch,
Reference & Information, Aeprography, Referrale
atc. were continued.

The Publications Unit of the Depariment
published many literaturas for Intemal use as well
as for general public. These included Annual
Report, Outcome Budget, DAE perspective,
Accounts at a glance, Achievermnent at aglance a
Alith plan document, DAE Diary, brochures,
leaflets aic. The published |Rerafures were
disseminated to Individuals, organisations
through mass malling.

Library facilities in BARC were
comtinuously upgraded with the state-of art
faciliies and technology infrastructure to provide
ssamless to Information 1o the users and
to extend Its faclliies to other DAE Instiutions. A
total of 7232 publications were publishad and
23,039 citatlons were recelved to these
publications during 2007-2012. There were 1478
publications in 2012. The highlights are given
balow:
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Rasgarch actlvitiea In Library &
inMformation Sclence and Sclentometrics on
various topics related to nuclsar science and
technology as well as major thrust areas
continued. Over 18 papers were published,
BARC newsletter, Sclentific Infformation Resource
Bullatin, Pulse and several Internal, extemel and
restricted reports, brochures, printing of diaries,
greating cards, atc were brought our.

At IGCAR, a state-of-the-art live straaming
facility of the sveniz from the auditorium was
implemented and made availabls across the
ussr's deskinps. Based on the research nesds of
tha cantre, the e-collections ware augmented.
The complete archives of Nature & Sclentific
American, ICDD-PDF database, Bureal of Indian
Standards and Indian patents were added to the
library collection. The library was squipped with
CCTV base surveillance systems.

PUBLIC AWARENESS

The Department of Atomic Energy (DAE)
continued to promote the awareness about
peacaful usas of atomic energy In the comacat
perspective with prime focus on benefits to the
soclety and also keeping the public abreast with
current trends and developments in the areas of
power production, applications of radiation
technologiss, healthcare, food & agriculturs,
Industry, water, environment, advanced
tachnologles ste.,

The maln objective of the public
awareness activiies is to elucidate the uses of
atomic snergy to the general public and alleviate
unwarramed fears, misconceptions and address
apprehenslons harboured agalnst nuclear
anargy. This was done on a misslon modea In &
structured manner through a muli-pronged
approach by organising and particlpating In
exhibitions; seminars for acadamicians, general
pubdic and the media in different regions of the
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country and organising essay and qulz contests
ete.

During the year, DAE participated In and
urgmludmuralmnhllm:

The 100th Sassion of the Indlan Sclanca
Congress was held at the University of Caloutta,
Kolkata, during January 3-7, 2013. Pride of Indla,
a Mega Expo, was held parallel to the Science
Congress. The main theme of the Congress was
“Science for the Shaping the Future of Indig”.
DAE participated in this exhibition by putingup a
neoteric state-of-the-art multimadia display
system. Videso flims and multimedia
presentations on nuclear power, applicationa of
radioisctopes In healthcare, agriculiure, food
processing, industry, hydrology, desalination and
advanced technologies sic. were shown. The
systern proved to be a phenomenal success in
evoking Interset about atomle energy among the
publlz. Othar unlis of DAE viz. Alomlec Minerals
Directorate for Exploration and Ressarch (AMD),
Uranium Corporation of indla Limied (UCIL), the
Nuclear Fusl Complex (NFC), the Heavy Water
Board (HWB), the Nuclear Power Corporation of
Indiz Limited {NPCIL), the Bhabha Atomic

£ :
Br. A K Sinha, Chalmman,
Atomic Energy Commission,
at the DAE pavilion during the
100th Indlan Sclance Congrass at Kolkata
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Ressarch Cenre (BARC), Saha Institute of
Nuclear Physics (SINP) and the Variable Energy
Cyclotron Centre (VEC() also put up pavilions
alongwith DAE.

The 24th All Indla Essay Contest on
Nuclear Sclence & Technology was organised In
October 2012. Essays were receivad in three
languages and on threa topics namely Relevance
of Nuclear Power for Future Energy needs of
india, Radipisotopes and Radiation Technology
for Improving the Quallty of Lie, Role of Power
Beams In Enabling Sclance and Technology In
the Twenty-first Century - contributions to
healthcare, materials processing, environment
and energy sectors. About 190 essays were
recaived out of which the authors of thirly two
wers galected for making the oral presemiation at
Mumbal.

Participants of the 24th DAE All India Essay Comntast
with the Officiala of the Public Awarensss
Dinvision, DAE

The selected participanis were shown
around various faciliies of DAE. Certificates and
cash prizes were awarded during the Founder's
Day Calabrations on Octobar 30, 2012.

DAE paricipated In the Haryana S&T
Workshop Exhibition, held =i Palwal, Haryana
during April 26-28, 2012. The event was
inaugurated by Shri Aviar Singh Bhadana,
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Hon'ble Member of Parliament (Lok Sabha) from
Faridabad., The theme of the exhibition was
'Science & Technology Applications for the
Bettermant of life’. DAE aexhibited all Itg activites
for socletal development. Several members ofthe
Iocal public banafitted fram the DAE exhibition.

The 8th Science & Technology EX PO —
2012 was organised at Ranildet, Uttarakhand
during June 7-8, 2012 by the Creative Cantre for
Rural Development, New Delhi. DAE participated
In this event at the Instance of Shrl K C Singh
Baba, Member of Parlement {Lok Sabhg)
Nalnhal. The event was Inaugurated by Shr
Pradesp Tamata Hon'ble Member of Parlament
{Lok Sabha). The objective of the event was to
creste awareness and knowledge among young
scientists, students, general public, sx-
sorvicemnen, emerging entrepreneurs etc. The
programme was wall racalved by ell the vishors
who had several specific querles on nuclear
power & safety related lssues, applicationa of
ragiation technologies for heakhcare and food
processing.

A

Imeraction with students during the Bth Science
& Technology Expo-2012, Ranikhet, Utterakhand

DAE took part in the 'Frortiers of Science
2012' held at Kolkata, during Seplember 34,
2012. DAE sxhibited its strengths, programmes
and achievemernts in the area of various culting
edge technologles. Delegations from Fadllity for
Antiproton and lon Research, (FAIR) and CERN
also participated In the event.
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Parficipants during the Frontiers of Sclence event
af Kolketa

The 16th National Exhibliion with theme
as 'Indla Marching towards an Advancad Natlon
was held during September 7-11, 2012 at Naznul
Maldan, Narayartala, Kolkata. VECC Kolkata,
also participated with DAE in this exhibition.
Information (in Bengali and English} and several
working models were displayad in this expo. The
DAE pavillon had ag many as 30000 vieitors.

— _!ﬁ_—- —

Students being briefed at the DAE pavillon during
the 16th National Exhibltion at Kollata

The Kerala State Industrial Development
Corporation Lid. organised Emerging Kerala
2012 during September 12-15, 2012 at Kochl,
Karala. DAE took part In the event and exhibited
ks achlevemenis, coniributions and cument
activiies in the field of nuclear science and
technology. Visitors 1o the pavilion comprised

Visittors at the DAE pavillon during Emerging Karala
20112 svant at Kochl

genior govemment officials, scierists, policy
makers and leaders from industry.

DAE participated In the 'Ramnagear
Sclentific Literacy Festival 2012 at Ramnagar,
Uttarakhand during Octobar 4-8, 2012. Tha focus
of the event was to educate and enlighten the
general local public and the students on the
positive and beneficial aspects of slomic energy
s0 as o remove misunderstandings and fears
about nuclear energy. Over 20000 members
aspacially from the rural public and students
visited the DAE pavillon. The event was
Inaugurated by Shrl Satpal Mahara), Member of

Shri Satpal Maharaj, Member of Parlameant
{Loksabha) and Chairman, Standing Commiithes
on Dafence, Member, Public Ascounts Commitias,
taking laen interest in the exhibits at the DAE pavilion
during the Ramnager Sciantific Lilsracy Festival 2012
ol Ramnagar, Uttarakhand
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Shuderms teking notes durdng the Remnagar Sclantific
Literacy Festival 2012 at Remnagar, Uttarakhand

Parllament (Loksabha} and Chalmnan, Standing
Commiittes on Deafence, Member, Public
Accounts Committee.

India Nuclear Energy 2012 - 4th
International Exhibition and Conference was held
at Mumbal during September 25 — 27, 2012. DAE
axhibltad all lts achlevemants raelated totha Indlan
Nuclear Power Programme compriaing the three
stage programma, the closed nuclear fusl cycle,
fuel reprocessing, nuclear waste management,
safely ofc. The svent was a unique platform for
showecasing latest cutting edge nuclsar
technology. Several other countries llke Francs,

gt India Nuclear Erergy 2012, Mumbai

Dx. R K Sinha, Chalrman, Atomic Energy Commiaslkon,
belng briefed by Shrl N Salbaba, Chisf Exacutive, NFC,
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at the DAE pavillon during Indla Nucisar Energy
2012, Mumbal

Korea, LISA, Russia eic. also participated in this
event. In addition, many companles from the
Indian Industry supplying verious components to
our nuclear power programme also took part In
the exhibition. Cther units of DAE viz NPCIL, NFC,
UCIL, HWB, BARC and BRIT also took part in the
event.

The Uttarakhand State Councll for
Science & Technology, Dehradun organised the
Uttarakhand State Sclence & Technology
Congress at the Graphlc Era Unlversity,
Dehradun during November 21-23, 2012. The
prime focus of the swent was promotion of
MNuclear Science & Technology and the strides
made by Indla In thizs fileld. DAE put up an
sxhiblion showecasing all ks activiles In varlous
areas |lke nuclear powar, applications of
radiolsotopes, desalination, advanced
tchnologies etc. The DAE pavilion had over
20000 visitors mainly comprising college and
school students from in and around Dshradun,
faculty members stc. Parallel to the sxhibition, a
seminar on 'Nuclear Sclence & Technology' was
organisad which was attsndad by savaral young
sclentiats wishing to pursue thelr career In the
fleld. Experts from BARC and DAE addressed the
scientists.

The Swadeshi Science Movement (S5M)
Kerala, (A unit of Vijnana Bharatl) organized a
maga programme, the Swasraya Bhanat — 2012,
during Novembar 30 — Decomber 5, 2012 at
Kochl, Kergla so as to Inculcate the apiit of
national setf-reliance among students, youth and
scientists. DAE participated in this event and
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exhiblted all the peacaful applicatlons of atomie
anargy toweards socletal development. The DAE
exhibition was visited by members of the general
pubie, acadamia, students from schools and
colleges in and around Kochi.

To teach and train farmers about new
technologies, innovative methods to increase
farm yleld and bridge knowledge gaps,
AGROVISION 2013 was held during January 24-
27, 2013 at Nagpur. The svent was organised
under the guidance of eminemt agricuttural
sciertist Prof M.S. Swaminathan. DAE exhibited
its activities and contributions in the areas of
agriculture and food processing. Farmers from
Vidarbha and ad|oining districts of M.P
Chhattisgarh, Andhra Pradesh efc. vished the
pavillon and took Intsrest In knowing about the
BARC crop varletles and radlation food
processing technologies. Scientists from BARC
imeracted with the visitors and provided
information.

DAE took part In the Bangalors Indla Blo
2013 held at Bangalore during February 4-8,
2013. The ovent was organised by the
Department of IT, BT and S&T, Government of
Kamataka & the Vision Group on Bigtechnology.
Achievements in the fisld of healthcare,
agriculture, food processing and biotechnology
were exhiblied by DAE. Members of the
ascademia, sclentists, farmers, general publlc
beneftttad from the exhibition.

The Science Expo was held at the Nehru
Science Centre, Mumbai during February 20-23,

A view of the DAE Pavillon
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2013. The focus of the programme was to bridge
tha gap between Sclence and Soclety. DAE
pariicipated In the expo through modela and
mulimedia displays on the complete gamut of
DAE's sctivitios as in the fislds of nuclear power,
production and applications of radioisotopes in
healthcare, agriculture & food, industry,
hydrology, advanced technologies stc. The evernt
was very well recelved by studentiz, sclentlsts and
othsrmambers of the general public.

The Nuclear Fuel Complex, Hyderabad
organised tha Sth DAE MEDI-MEET at Hyderabad
during November 1-2, 2012. The theme of the
avent was Healthcare Services— "Challenges and
Solutions”. The programme provided a platiorm
for medical professionalzs to dellberats and
exchange present day advances taking placs In
the medical flald. An exhibition on Radlation &
Health was put up by DAE so as to propagate the
peaceful applications of nuclear energy for the
benefit of mankind. The event was attended
medlcal professlonals form varlous DAE Unilts.

The Atomic Fower Evoiution Awaraneas
Foundailon {APEAF), organised two Grand
Mahotsave — mass scale public awareness
programmes on the uses of atomic energy- both
in Haryana, one at the CUCS Agricultural
University, Hissar, Haryana during July 28-31,

Dr. Anll Kekodkar, Fosmer Chalrman Atomic Energy
Commission at the DAE pavilion during the
6th Sclence Expo at Mehru Sclence Centra, Mumbal
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2012 and the other at Bhivanl, Haryana during
January 2223, 2013. The overts wers of
particular significance especially in the wake of
the proposed nuclear powser station at
Gorakhpur, Haryana. DAE participated In both the
programmes and exhiblted all its contributions to
soclety with speclal focus on the need for
glechicity, emphasising the importart role that
nuclear powsr would play in the future. Large
sections of the general and rural public Interacted
with departmental officlals thereby getting their
fears and apprehensions cleared aboutl nuclear
enengy.

The Chinchnl-Dandapada village le very
close to the Tarapur Atomlc Power Statlon (TAPS)
and the happenings at Fukushima, Japan In 2011
ingtilled doubts and fear about TAPS. A seminar
on 'Atomic Energy’ was held at the Chinchni-
Dandapada Jllha Parishad School In Aprll 2012 at
the request of the Sameer Seva Mandal, Thane.
High school shudents and several villagers from In
and around tha locality attendes the seminar and
found it very useful. Dr Anil Kakodkar, former
Chalrman of the Atomlc Energy Commiselon was
the Chisf Quast and he also addressed the
gathering and allayed thelrfaars.

A geminar was on Trends in Nuclear
Power — One Year after Fukushima' was organized
by the Cantre for Alr Power Studles at Mumbal In
Aprll 2012. Qver 200 paricipants comprising
people from wvarious academic instibutes in
Mumbai, representatives of Maharashtra
Government and members from the medla
attendad tha seminar.

The National Association for Application
of Radicisotopss and Radiation in Indusiry
(NAARRI) organised an awareness programime
on 'Application of Radioisotopes and Redlation
Technology In Industry and Healthcare' at the
Kalasalingam University near Madurai during
August 17-18, 2012. Several poest graduate
sgtudents, faculty membars from varlous

universities and research organisations and
NGOs particlpatad In the seminar. The event bore
spacific relevance and importance in the wake of
the nearby Kudankulam Nuclear Power Project.

In addition 1o all these avents, throughout
the year, several public awareness lechurss on
gtomic energy were deliverad in different regions
of the couniry.

Nuclear Power Corporation of Indla
Limited (NFCIL) cared out a gamut of public
outreach activities over a perod of time,
conveying the facts on nuclear power in a simple
transparent and credible manner. Following the
Fulushima accldent, the outreach acthities were
scaled mantfold In a structurad manner adopting
a multi-pronged approach, to allay the
gpprehensions about nuclear power and iis
safaty. An action plan was Implementad with clear
set of objectives and imelines Including a review
and monitoring mechanism. NPCIL Board also
approved the scaled up outreach plans on along
term basis along with sizeable investment for
these activities.

KAPS vislt by local vilagera

The public outreach programme of NPCIL
comprised of regular visits by the senior officials
to surrounding areas and enhanced Interaction
with locals, visits of villagers, studenta, madia
parsons and other members of public to nuclear
power plants and organizing awareness
campaigns on nuclear power for various target
groups.

Usea of TV commaerclals, advertisements,
digital cinema, radio jingles, single-sheet print
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publications, innovative comic books and
animated films, elc. in vemacular languages,
enhanced interaction with press and media, e
public awareness campalgng, rallles In support of
nuclear power are a few, among many, modules
that were adopted to supplement the scaled up
culreach activities.

NPCIL emtered into parinership with
sevaral special agencies like Vigyan Prasar of the
Department of Science & Technology, DAVE, UFD
Movies, medla facliitator ste. NPCIL entered Into
partnership with several speclal agencles llke
Vigyan Pragar of the Department of Sclence &
Technology, DAVE UFO Movies, media faclittetor

A view of Hall of Nuciear Power at
Nehru Sclence Cantre

As a part of capacity building for public
outreach, a permanent exhibition centre called
Hall of Nuclear Power at Nehru Sclence Centrs,
Mumbal was sat up by NPCIL with Nehru Sclence
Centre, Mumbal. The gallery Inaugurated on
August, 2011 comprisas of latest and Innovative
technical backiit displays, touch screen kiosks,
imeractive games, panels, banners, placards,
cut-outs, static/dynamic models, interactive
models, audiofvisual presentations, 20/3D flims,
qulz, games sic. The mealn highlight and the USP
of the entire gallery was Digital Walk-through.
People, particularly students vislted the gallery In
lakhs. NPCIL is planning more of such permanent
exhibition centres at ils sites and at locations
acrossthe courtry,

To promote awarensss among the publlc
about the peacsful usss of atomic snergy, several
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Exhiblition at BAAC during the Nallonal 8clence Day

public awareness programmes for the benefit of
studerts, teachers and farmers across the
couniry wera conducted by BARC. Over 30 public
awsareness progrmmes weare conducted during
the period. In addiion, media coverage to the
various events organized at BARC was also
provided. As a part of this programme, students
from various colleges in and around Mumbai and
from cther states visited BARC and interacted
with the scientists.

"Nuclear Wasts Management® exhibltion
was organtzed at BARC during the National
Technology Day to provide a platiorm for better
interaction amongst scientists and engineers. A
wesk long programme on the theme 'Clean
Energy Options and Nuclear' along with the
Matlonal Sclence Day celsbratlons was
organised.
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An exhibition on 'Radicactive Waste
Management' was inaugurated by the National
Security Advisor. A photo exhibition on the theme
“"BARC-2011: The Year that Was" was organized
during 26th -31st January 2012 et BARC.

A new Informative BARC webslts was
launched which is more users centric and
provides interesting information related to various
activities of BARC.

The public awareness programme was

continued In a blg way at AMD In vardous clties as
well ag Inremota flold areas.

SOCIALWELFARE

NPCIL continued Rs Corporate Soclal
Responsibility and implermented 32 projects in
education, 17 projects in healthcare and 67
projects in infrastructure development during the

I*-ﬂl“ﬂﬁhﬂ

Umbards Pimary School naar Knkmpar, Gularat

Disiribution of Educational Kits to Gl Students
near Kudankulam in TN

year 2011-12. For the year 2012-13 about 250
CSR projects were plannad by NPCIL and Rs. 55
crores was allocated for CSR programme. An
additional Rs. 125 crore was also allocated as
additlonal CSR fund In the Silver Jubllee year of
the Carparationto be used In next twa years.

CSR projects in education and skill
development included various projecis like
conetruction of school bulldings, financlal
assistanca o schools, scholarships to students
and sponsorship for higher education,
developmant of aaganwadis etc. Support
through distribution of educational aids was
continued. School teachers inthe area near alithe
units were also felicitated on Teachers Day for
thelr contribution to the cause of educatlon for the
rural students.

Healthcare C3R projects Included
running primary hesalth centres, providing mobile
madical van services, organising medical camps,

Doimltnry for Ganmr Fﬂunts at wmmllmr
Hospital, Chiplun, Rainegiri near JNPP



OTHER ACTIVITIES

Hall for Fisharmen Constructsd In Sadras near
Kalpakiam, TamBradu

funding exttenslon of hosplials, providing madical
treatment and medicines, OPD services for

villagers stc.

Under Infrastructure development, the
projecis llke laying of approach roads,
development of drinking water faclliity,
construction of community hall, construction of
bus stop sheds, installstion of street lighis,
providing fishing facllty eic, were planned and
implemanted.

EMPLOYEES' WELFARE

Employess' Health Care

The employees of DAE organisations,
along with their family members, are beneficiaries
of the Confributory Health Service Scheme
{CHSS) of the Depariment. Tha heslthcare
facliitiea of CHSS are also sxtanded to the ratired
amployees and thelrfamiliss.

During the year of report, medical facilities
under CH58 wera extended to the DAE
amployeas and their depandsnis by the BARC
Hospital through s 13 zonal dispensaries, 2
occupational heatth centres, pathology and
radiology lab and phamacy.

Children's Education

The Atomic Energy Education Soclety
(AEES} meeots the aducatlonal needs of the
children of the employess of DAE and MIs
constituent units working at differert centres in
the couniry. AEES cumrenily administers 30
schools! Junlor colleges at 15 centres located all
ovar Indla and provides education to ovar 27, 500
students.

AEES achisved remarkable success in its
quest for excellsnce in academic as well as
sports, NCC and aris. Imporiance was ghiven to
strengthening of infrastructure faclities, enrighing
the school librares, upgrading the compurter
education and providing better sports facilities.
Regular In-gervica training programmes Tor the
teachere ag well as enrichmenmnt and sducational
programmaes fortha students were continued.

During the report periad the performance
of students in academic and non-academic areas
of education brought laurels to AEES. Over 3800
students appearad for the All Indla Secondary
School Examination and the Higher Secondary
Examination and the pass percemage was
20.91% and B0.72% respeclively. The overall
Excellence Index stood at 89.45%. AEES Mumbai
produced cent parcent result.

Ninsteen stidemts of AEES Schools
clearad the Natlonal Talent Search Examination.
Twenly six students from AEES Tarapur,
Kalpakkam, Hyderabad and Indore participated
in the S4th Annual All Indla UN Information Test
and secured shove 60% marks. The AEES,
Tarapur students bagged Gold Medal In the 815t
Annual All India General Knowledge Test
conducted by the All India Board of General
Knowledge.

One student of AEES, Mumbal cleared
Reglonal Mathematical Olymplad and was
solacted for Indian National Maths Olympiad. Two
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students from AEES, Manuguru secured first
position in the Regional Level Hindi Vignanik
Prashna Manch held at Mysore. Four students of
AEES Mumbai & three students of Tarapur
topped in Physics at the National Standard
Examination in Physics, Chemistry, Biology &
Astronomy 2011-2012.

Six students from AEES, Tarapur won the
first position in the Inter School One Act Play
organized by BARC at Tarapur. One student from
AEES, Mumbai was awarded Dhirubhai Ambani
SSC Merit Reward Scheme for her outstanding
performance in SSC Board Exam. A student of
AEES, Tarapur secured 98.4% In AISSE. At the
National Level Science Talent Search
Examination two students of AEES, Rawatbhata
secured national ranks.

Seven students from AEES, Tarapur
received Gold medal at the 14th National Science
Olympiad Contest conducted by All India Schools
Science Teachers Association. Thirteen students
from AEES, Rawatbhata secured gold medal in
International Olympiad of Mathematics Exam
organized by Mathematics Olympiad
Foundation. Nine students won gold, eight
students received silver and five students got
bronze medals in the International Olympiad of
Science conducted in December 2011,

A student from AEES, Narora received
DST Scholarship for Higher Education (SHE)
under Innovation in Science Pursuit for Inspired
Research (INSPIRE). One student from AEES,
Kudankulam was awarded Certificate of Merit in
Australian National Chemistry Quiz conducted by
Royal Australian Chemical Institute, The Inter
AEES Hindi Vigyan Prashna Munch was held at
Mysore, Rawatbhata, Oscom (Hyderabad) and
Mumbai.

Atomic Energy Education Society in
collaboration with the Department of Atomic
Energy Sports & Cultural Council organized a
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summer sports coaching camp for school
children for various games such as Football,
Volleyball, Basketball, Lawn Tennis, Table Tennis,
Badminton and Athletics.

Students of AEES schools participated in
many sporis events and competitions such as
Athletics, Volleyball, Table Tennis, Karate,
Badminton, Swimming, Chess, Skating etc. at
district, state, national and international levels
during the year. AEES, Mysore secured first place
in International level Asian Open Karate
Championship held at Kerela. AEES, Mumbai
qualified for the International examination of the
science of Go souk Ryu Karate-do. AEES,
Anupuram secured Bronze medal in Kumite at
National level Kofukan Shito-Ryu Karate
Competition.

More than 370 and 230 students passed
the Elementary & Intermediate Drawing Grade
Exams respectively which was conducted by The
Grade Examination of Directorate of Art,
Maharashtra State Board.

Talent Nurture Programme

Under Talent Nurture Programme (TNP),
children were selected for admission in Class |.
Ten centres of the AEES provided education to
children admitted under the TNP and provided
free education, monthly scholarship, medical
facilities, school uniforms, textbooks and
notebooks.

UK India Education and Research Initiative
(UKIERI)

As a part of this programme the teams
from UK visited AEES schools and AEES Schools
visited UK to gain learning experience, to share
and communicate with the teachers and
students.
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Sclence Parks

To create and sustain the imterest of
students in science, AEES had set up science
parks in Hyderabad, Kaiga, Turamdih and
Anupuram schools,

DAE SPORTS & CULTURAL
ACTIVITIES

The DAE Sports and Cultural Council
(DAE S&CC) facilitates promoation of sports,
physical fiiness, yoga and culiural activities
among DAE employees and thelr famlly members
locatad at various units all over indla.

The XVl Inter DAE sports & Culiural
Meet has been scheduled in sleven differem
sports and cultural events at various locations,
During this year, more than 2500 employees took
part In the sslecton triale and 1000 employses
paricipated In the final meets. The playing
faclitdes at varlous units ware upgraded.

Ajanta (BARC) Cricket Team raceiving the
Winners Trophy from Shii N. Saibaba, Chief
Exaculive NFC and Shri Venluatapathi Raju
Former Inkiian Crickster & Vice Presidert,
Hyderabad Cricket Association Winners Trophy

The events were conducted in the best
traditions of the department. Teams for
participation In NMatlonal events llke ball

badminton, kabbadi, football, bridge, Table
Tennis, Badminton et¢. were selected during the
mest.

Every yvesr Speclal Summer Coaching
camps were organized jointly by DAE S&CC and
Atomic Energy Education Soclsty (AEES) as a
regular annual sventand more than 1500 children
of DAE emplayees received coaching in various
games and sporis. Based on the performance
and aptitude displayed inthese camps, about 100
children were sslected for advanced coaching
scholarship Invarious games.

During the year, sports camps |n
badmirton and table tennis were organized for
highly talered youngsters and were frained by
Mational lsvel coaches. For creating competitive
match environment and promoting
compatithvanass In employees and thsir children,
a combined asporta and cultural mest SPLASH-
2012 was organized.

: Shrl A P Joshl, Speclal Secratary DAE at Opening
Caremony of SPLASH-2N2

Under e Health and Filness activities,
regular yoga activiles as well as camps wera
organized at different certers at various levels for
employees as weall as for thelr family members.
Units of DAE were encouraged and financially
supported to setup Fitness centers.
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Every year, DAE 5&CC organizes All India
leveld painting competition this year the painting
competition was held at AFES centor at Kalga.

DAE SECC in collaboration with BARC
sgtaff Club's Nature and Adventurs Circle
arganieed Neture and Adventure Camp at Van
Vihar, Ambivall village near Karjat Ralgad district
to promote the spift of adventure amang
youngsters. The activities included Rock
climbing, Rappelling, River Crossing, Rafting,
Ster gazing and 8 short Trek to Peth Fort,

The fourth Himalayan Trekking Expedition
was organised in Harmta Pass region near Manali,
Himachal Pradesh. All the participants
successfully completed the trek.

DAE's annual all Indla trekking
programme “Girisanchar-24" was organized with
the approval of the Indian Mountaineering
Federation In the plciuresque and dense forest
raglon of Bhimasankar sanctuary.

Trokkers of Grifisarchar-24 at the Base
Camp at Dhasai

As a part of Infrastructural development
and promotional activities, DAE S&CC supparted
many rasidertial colonies of the Depariment that
included, BARC Staff club, NFC Hyderabad,
NESCO IGCAR, AERB Steff Club, ARWA, Mumbal
elc.

AWARDS & PRIZES

Shri K. Balaramamoorthy, former Chief
Executive, Nuclear Fusl Complex, Hyderabad;

Prof. R. Balasubramanian, Director, Ingtituie of
Mathematical Sclences, Chennal; Dr. Rawvl
Bhushan Grover, Principal Adviser, Department of
Atomic Energy, Mumbal and Dr. Safinder Kumar
Sikka, Homi Bhabha Chair Professor, BARC,
Mumbai were confemred with the DAE's Lifetime
Achlevernent Awerd for the year 2011 by D
Manmohan Singh, The Prime Minlster of Indla.

BARC bagged the “Best Establishmert
Award for the 88th Regional Skill Competition for
Apprentices held In September 2012 for western

reglon.

AMD officers were awarded DAEs medals
and Hindi Sevi Samman during 201 1-12.

NPCIL unlts recelved sewveral awards
during the year for performance In safety,
erviranment protection and other areas. TAPS-
1&2, TAPS-384, RAPS 152, RAPS-384, MAPS,
APS 1&2 and KGS-1&2 bagged Natlonal Safety
Coundll of Indla's various Safety Awards for the
year 2011. AERB's Safety awards for the year
2011 for industrial safety, environment protection
and fire safety were bagged by RAPP 788, KAPP
384 snd KGS 354 respectively. NPCIL achleved
axcellent Mol rating for the year 2011-12.

The awards recaived by the Professors of
Institute of Mathematical Scisnces during the
yvear were g8 follows: Prof. Ronojoy Adhlkar
recelved Qoogle Ressarch Award by Google
Incorporation, USA on January 2011, Dr. Sanoll
Giun won |CTP Associate Award for the year 2011
and Dr. Saket Saurabh was awarded with the
Award of Eurcpean Research Coundll,

Prof. Ashoke Sen of HRI was comenad
with the prestigious "The Fundamental Physics
Prize - 2012° by Milrer foundation Established by
Yurl Miirer for his contribution to sfring theory
which halpad to ahow that multiple string theories
are all diffsrent versions of a single undenying

theory .



OTHER ACTIVITIES

Tha Prima Ministes, Or. Manmohas Begh & De R.K. Sinhs, Chalrman, Atvanle Evsrgy Cammiselon with the recipleite of
DAE"S Lifetime Ssbhivremment Sound 2011 sléng with Belr fumily members in New Dol on Josnery 15, B3

Heavy Water Plant, Manuguru won
“Golden Peacock Environment Managemenrt
Award-2012° in recognition of sustainable and
effective Environmemt Management system.
HWP Hazira was selected for National Safety
Award for the year 2010 from Directorate General
Factory Advice Services and Labour Instiiutes,
Faridabad, Ministry of Labour & Employment.
Plant also recelved “Certificate of Appreclation-
210" awarded by Gujarat Safety Council,
Vadodara and Directorate of Industrial Safely &
Health.

*Miniratna Catagory —|® stalus was
granted to IREL on 11th October, 2011. OSCOM
Unit recalvad the 14t prize In the safety & training
during the Odisha metalleferious mines safety
week 2011-12. During the Mine Safety week
organized by the Kerala Mine Safety Association,
Chavara unit recelved three 1* prizes and five 2™
prizes.

Two quality circle teams from GSO viz.
EDISON and SAKTHI participated in the Regional

Level meet at Hosur during the year and were
awarded the gold and siver cup respectively. Two
teams — PLEISTOCENE and SUSHRUTHA were
nominated forthe National meet.






CHAPTER -11

IMPLEMENTATION OF PERSONS WITH
DISABILITIES (EQUAL OPPORTUNITIES,
PROTECTION OF RIGHTS & FULL
PARTICIPATION) ACT, 1995

The Department of Atomic Energy has a mandate to develop peaceful
uses of nuclear energy in areas like power generation and basic research in
frontier areas of science and technology. In view of the nature of activities
carried out by the Scientific and Technical persons in various Research
Centres, Public Sector Undertakings, Industrial Units and Aided Institutions
of the Department, this Department is not in a position to implement the
provisions of reservation of posts fully as required under the "Persons with
Disabilities (Equal Opportunities, Protection of Rights and Full Participation)
Act, 1995”. Therefore, this Department has already sought exemption for
the Units like Heavy Water Boards and Nuclear Power Corporation of India
Ltd. From the provisions of the said Act. No specific scheme under plan
projects for the benefit of persons with disabilities has been introduced in
the Department. In-spite of the constraints, all the Units/PSUs/Aided
Institutions have attempted to identify posts, where persons with disabilities
could be employed without impairing the activities or causing
inconvenience.

The sanctioned strength and number of persons with disabilities in
various posts in Group A, B, C & D against 3% vacancies to be reserved for
them under Section 33 of the said Act is indicated in the pages that follow.



UOMIOWoId puUB Wuawnioay 0e1)g jo fem £q wawuedsq syl vl apew sluswiuicdde [e101 WNS 8yl MOYUS 91 PUB 6 "ON UWINICS © Z 10N

‘sel|jqes|p Yum suosied ioj ejqeling

paynuapl 5 1sod paLULRIUDD 8Ul papihold S8(IgesSIP UliM suosiad Jo) s|OBEnS paunusp| 511sod pausssucs aul pepino.d ‘sisod yons o) pajowodd
Bq UBJ Sap|IqesIp UM suossad YenamoH sisod g pue v dnoug 0] uonowoud |0 88ED U SIRICESID Lum sucsiad joj uoneassss ou 8 assy ] (A)

(Asted |eigeseo Jo Ayjjigesip Jolowooo] woy Buyayns suosied) paddeoipue Aeajpsedoyu( o} spuels HO (1))
{weuwwredw) Buuesy woy Buusyns suosiad) paddesipueH Buweal Jop spues HH  {Il)
(suoisin moj Jo ssaupu|q woy Buysyns suosiad) paddedjpuey Ajfens|A Joj spueis HA (1) © L SlON

} 0 0 gzt | | b 0 v b 0 |EvOL |¥L |8 b B5. (€€ |12 |v9v62 | TWIOL
b 0 0 ove | ! 0 v b 0 ovy | L Y] 0 6 |S2 vl gsvil | O dnoug

0 0 0 688 [N |IN |UIN |0 0 0 |eee |2 L 1 zv |2 L gsvoL | g dnoig m_
0 0 0 lgv |UN [N |UIN |0 0 0 |8 |1 0 0 - 0 grsL | v dnoug “

(g | fer) | Q¥ | (or) | (sB) | (k1) | (eW) | W | () | (OM) (8) (8) (2) (e) (s) ) (e) (2) (1)

HO HH HA | ®9L | HO HH HA HO HH HA | FOL | HO HH HA HO HH HA | [EI0L

spew juswiujodde paAlasa) SajouBIEA epEwW Jusugujodde paslasal SajouedEA
0 "ON 100N 0 ON 10 "ON

uopowold Ag Jawynuoay paug saakojdw3 jo Jaquinpy dnoug

SLINM IN3NLILSNOD 40 1233453 NI 2102 HVIA HYAONITYD DNIG3D3Hd 3HL DNIHNG 3aviN
SININLINIOddY 40 HIBWNN ONY £102°10°10 SV S3LLMIEYSIAO HLIM SNOSHId 40 NOLLVYINIS3H43H JHL ONIMOHS LNIWILVLS TYNNNY



uonownld pue jusupnissy e jo Aem Ag uewnsedsq syl ul spew swawiuiodde (210] WNS 8y MOYS §| PUB 6 "ON ULNICD : g SION

‘SelIIGES|P LM suosied 10} Bjgeyns
peyiuepl 5| jsod pausaouos ey pepiatid ssppqesip LM suosiad 10} sjgEYNS payrusp 51 150d pausesund auy pepiaosd ‘sisod yons o pejowoud
eq ued sajlijjgesip yym suosied Jeasmol ‘sjsod g pue y dnois) o} uojowoid jo 8sed U| sefjigesip Uim suosied Joj UolfeAleseal Ou S| eley) ()

(Asred eugeuan o Aqesip Jojowoso| woyy Buueyns sucsiad) paddesipuey Ajreapeedoyuip Joj spueis HO (1)
(wewupdw) Bupesy woy Bupeyns suosiad) paddespuey Bupesy Joj spueis HH (1)

(suojsia mo| Jo ssaupui|q woy Buyiayns suosiad) peddeojpuel AjjensiA Joj spueis HA (1) : | @loN
0 0 0 19 0 0 0 e L 4] Log 2 e £ St 4] 8 €59 WLOL
0 0 0 ¥l ] 0 0 4 [} o LLL L £ L 82 43 £ gecz | D dnoig
0 o |o for [N [WN [N [0 o o |v» |0 |s | st o ¥ g6Lz | gdnaip
0 0 o i8 TN TN N 0 0 0 o L ol I 4 Z I €0LL | ¥ dnoug

61) | BY | ) | BY | U | @) | &) | &Y | (1) | o) | (B (8) (2 (a) (g) (%) (e) (2)

(1)

HO HH HA | 0L | HO HH HA HO | HH HA | 0L | HO HH HA HO HH HA | 0L

apew wawguodde paniasal sajauBIBA apew uauwiujodds paAIasal SS|IuUBIEA
o "oN jo "oN jo ‘oN o "oN

uopowoid Ag wewynvay Paia saakojdw3 jo sequiny

SNOILLNLILSNI 301V 40 L33dS3H Ni 2102 HV3A HYONITVO DNIG303Hd IHL DNIHNG 3avYiN

SLNINLNIOddY 40 HIBWNN ONY €102°10°10 SV S31LNIGVYSIO HLIM SNOSH3d 40 NOILVLNIGS3dd3d 3HL ONIMOHS LNIW3LVLS TVNNNY




uofowaold pue jusuynioey joeuiq jo Aem Aq ewedeq ey u| epelw sjuewulodde |Ej0) NS BY) MOYS 9| PUE § 'ON UWNIOY : 2 8joN

"SSIGESIP Yym suosiad 1o} S|gqeuns
peyiuep| | isod peussouod syl pepiaoid sejugestp yim suosiad Joj ejgeYNS payluep| S| jsod pauieouod euy pepiold ‘s1sod yons o) pajowold
aq ued salgesip yum suossad eaamol sjsod g pue v dnougy o3 uonowoud jo 8Sed Ul selpaesip upim suosied 10} uoneaasal ou st amayl ()

(Ased [eigeuss io Agesip Jo10wooo| wou Bupeyns suosiad) peddedipusy AljsaipeedoyuQ Joj spuels HO (1))

{iueunredw Bupesy woy Bupeyns suocsiad) paddesjpuey Bupes 1o} spueis HH  (I1)

{suoisia mo| Jo ssaupug woy Bunepns suosied) peddesipuey Alensip Joy spuis HA (1) © | SION

0 0 0 lize |0 0 0 L L 2 goL (€L |9 8 e9l |¥L |82 |8kiZ2| TVWLOL
0 0 0 26zl |0 0 0 £ b 0 £8 b £ 9 29 |8 6 45/ | Ddnaig
0 0 0 ggkl [N [N |TIN | E 0 b Ly | E b b BS |€ zl 0219 | gdnoug
0 0 0 ves |IN |[TIN | TIN b 0 b ¥S¢ |6 g 2 v |E L 6989 | v dnoug
(6L) | (@Y | i) | (@Y | G | 1) | (&1 | @Y | 1) | (o1} | (8 (8) V3 (9) (g) (%) (e @ (1
HO | HH | HA |®OL | HO | HH | HA | HO | HH | HA |®mOL | HO | HH | HA | HO | HH | HA | ML
apew jusunujodde PaAlesal 83jOURIRA apew juaujuiodde PaAiesal §313URDRA
Jo "ON jo "oN jo "oN J0 "ON
uogowoud Ag weLynIoey Paig sealkojdws3 jo Jequny dnoig

SONDIVLHIANN HOL33S JMEnd 40 1334534 NI 2102 HY3A HYANITYD ONIT303Hd SHL DONIHNA 3avi
SLINIWLNIOddY 40 HIEWNN ANV £10271L.0°L0 SV S3LLITIEVSIAO HLIM SNOSHId 40 NOILVINISIHdIH FHL DNIMOHS LNIWILVLS TVNINNY




CHAPTER -12
| CITIZEN'S CHARTER 3







CHAPTER 12
CITIZEN'S CHARTER

[) OURVISION

The vision of the Department of Atomic Energy is to empower India through technology, creation of
more wealth and providing better quality of life to its citizen. This is to be achleved by making India energy
independent, contributing to provision of sufficient, safe and nutritious food and better health care to our
people through development and deployment of nuclear and radiation technologies and their applications.

I) OURCLIENTS

. User Ministries/Departments of Central Govi. and State Govt. dealing with energy, agriculture, food,
health, education, oil and petroleum, industry, science and technology etc.

. Quasi Govt. Organisations, NGOs, industrial organizations, educational institutes.

. Electricity Boards, Hospitals, Research / Medical / Educational / Academic Institutions,
agriculturists etc.

ll) OURACTIVITIES

The Department is engaged In the design, construction and operation of nuclear power / research
reactors and the supporting nuclear fuel cycle technologies covering exploration, mining and processing of
nuclear minerals, production of heavy water, nuclear fuel fabrication, fuel reprocessing and nuclear waste
management. Itis also developing advanced technologies which contribute to the national prosperity. The
human resource developed and technical services being rendered by the Department have been greatly
helping the Indian industry.

The Department is also developing better crop varieties, techniques for control/eradication of
insects thus protecting the crops, radiation based post harvest technologies, radiation based techniques
for diagnosis and therapy of disease particularly cancer, technologies for safe drinking water, better
environment and robust industry.

IV) MANDATE

The mandate of the Department, on which its programmes are based, covers :

. Increasing share of nuclear power through deployment of indigenous and other proven
technologies, along with development of fast breeder reactors and thorium reactors with associated
fuel cycle facilities ;

. Building and operation of research reactors for production of radicisotopes and carrying out
radiation technology applications in the field of medicine, agriculture and industry;

. Developing advanced technologies such as accelerators, lasers, supercomputers, advanced
materials and instrumentation, and encouraging transfer of technology to industry;
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. Support to basic research in nuclear energy and related frontier areas of science; interaction with
universities and academic institutions; Support to research and development projects having a
bearing in DAE's programmes, and international cooperation in related advanced areas of research,
and

. Contribution to national security.

V) DAE PROGRAMMES RELATING TO THE NATIONAL COMMON
MINIMUM PROGRAMME

HIGH POTENTIAL DOMAINS FOR DEVELOPMENTAL APPLICATIONS

AGRICULTURE
Enhanced production of oilseeds and pulses

EDUCATION, HEALTH
Homi Bhabha National Institute (HBNI)
National Initiative on Undergraduate Sclence (NIUS)
Countrywide Services in Cancer through Telemedicine

FOOD & NUTRITION SECURITY
Radiation Processing of Food & Agro Products

WATER RESOURCES
Desalination in water scarcity areas along the sea coast

ENERGY SECURITY
Electricity supply in near and long term ensuring long term sustainable development
Rule of Nuclear Power as Primary Energy Source in the years to come.

Vi) WHOM TO CONTACT

l. Public Grievance and complaints Il. Public Relations

Shri A.P. Joshi, Special Secretary, Shri S.K. Malhotra,

Public Grievances Officer & Chief Head, Public Awareness Division,

Vigilance Officer, Department of Atomic Energy,

Department of Atomic Energy, Anushakti Bhavan, C.S.M. Marg,

Anushakti Bhavan, C.S.M. Marg, Mumbai — 400 001.

Mumbai - 400 001.

Tel. No. 022-22029328 Tel.No. 022-22823144

Email 1.D.: as@dae.gov.in Email 1.D.: skm@dae.gov.in
apj@dae.gov.in
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Government of India
Department of Atomic Energy
Anushakti Bhavan, C.S.M. Marg,
Mumbai - 400 001

NOTICE

WE, THE PUBLIC SERVANTS OF INDIA DO HEREBY SOLEMNLY PLEDGE THAT WE
SHALL CONTINUOUSLY STRIVE TO BRING ABOUT INTEGRITY AND TRANSPARENCY IN ALL
SPHERES OF OUR ACTIVITIES. WE ALSO PLEDGE THAT WE SHALL WORK UNSTINTINGLY
FOR ERADICATION OF CORRUPTION IN ALL SPEHERES OF LIFE. WE SHALL REMAIN
VIGILANT AND WORK TOWARDS THE GROWTH AND REPUTATION OF OUR ORGANISATION.
THROUGH OUR COLLECTIVE EFFORTS, WE SHALL BRING PRIDE TO OUR ORGANISATIONS
AND PROVIDE VALUE BASED SERVICE TO OUR CONTRYMEN. WE SHALL DO OUR DUTY
CONSCIENTIOUSLY AND ACT WITHOUT FEAR OR FAVOUR.

THIS OFFICE IS THUS COMMITTEED TO MAINTAINING THE HIGHEST LEVEL OF ETHICS
IN ITS WORKING TOWARDS ACHIEVING THE ABOVE OBJECTIVE, ALL ARE REQUESTED:

¢ NOT TO PAY BRIBE

. IFANYBODY IN THIS DEPARTMENT ORITS OFFICES ASKS FOR BRIBE : OR

. IF YOU HAVE ANY INFORMATION ON CORRUPTION: OR IF YOU ARE A VICTIM OF
CORRUPTIONIN ANY OF OUR OFFICES.

YOU MAY COMPLAIN TO:

Shri A.P. Joshl, Special Secretary,

Public Grievances Officer & Chief Vigilance Officer,
Department of Atomic Energy,

Anushakti Bhavan, C.S.M. Marg,

Mumbai—400 001.

YOU CAN ALSO COMPLAINTO:

THE CENTRAL VIGILANCE COMMISSION,
SATARKTA BHAWAN, BLOCK'A',

GPO COMPLEX, INA,

NEW DELHI-110023.






ANNEX-I
THE ORGANISATION

THE ORGANISATION

The Department of Atomic Energy (DAE), that came into being on
August 3, 1954, has been engaged in the development of nuclear power
technology, applications of radiation technologies in the fields of
agriculture, medicine, industry, and basic research.

As integrated group of organizations, the Department comprises five
Research Centres, three Industrial Organisations, five Public Sector
Undertakings and three Service Organisations. It has under its aegis two
Boards for promoting and funding extra-mural research in nuclear and allied
fields, and mathematics, and a national institute (deemed university).

It also supports eight institutes of international repute engaged in
research in basic sciences, astronomy, astrophysics, cancer research and
education, etc., and a society that provides educational facilities to the
children of DAE employees.
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ANNEX-II
REPLY TO AUDIT OBSERVATION

REPORT OF THE COMPTROLLER AND AUDITOR GENERAL OF INDIA FOR THE
YEAR ENDED 31 MARCH 2012-NO.1 OF 2011-12 ON THE ACCOUNTS FOR THE
YEAR 2010-11 OF THE UNION GOVERNMENT

The observations of the Audit are as follows:

Para No. 4.2.1: Failure to obtain legislative approval for augmenting
provision Augmentation of provision to object head 'Grants-in-aid'

In accordance with instructions issued by the Ministry of Finance in May 2006,
augmentation of provision by way of re-appropriation to the object head 'Grants-in-aid' to
anybody or authority from the Consolidated Fund of India in all cases could only be made
with the prior approval of Parliament.

Scrutiny of Appropriation Accounts revealed that Rs.0.30 Crore was augmented
by the Department during the financial year 2010-11 under 'grants-in-aid' to a
body/authority without obtaining the prior approval of the Parliament.

Action Taken:

There was overall saving of budgetary provision under the relevant subhead, the
augmentation of Rs. 0.30 Crore under the detailed head 'Grants-in-aid" was considered
subsumed in the overall savings which has the approval of Parliament.

1
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AuditReportNo 80f2012-13
Electronics Corporation of India Limited
1.1 Avoldable loss due to short/ excess payment of advance tax

The Company incorrectly worked out the estimated profit resulting in
excess/short payment of advance tax which resulted in loss of Rs.5.34 Crore

Action Taken:

Replies submitted to Audit
Nuclear Power Corporation of India Limited

1.2 Avoidable expenditure due to non-admittance of claim under defect liability
period

Failure to trip the generator resulted in damage to stator and non-admittance of
claim under defect liability by supplier necessitating avoidable expenditure of Rs.31.08
Crore.

Action Taken:

Replies submitted to Audit

Vi
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No. 13 of 2012-13 Union Government (Civil), Compliance Audit
Observations,

Avoidable expenditure of Rs. 3.32 Crore

Failure of the Directorate of Purchase and Stores under the Department of Atomic
Energy in adhering to the purchase procedure and consequent delay In finalising a
purchase proposal within the validity period resulted in avoidable expenditureof  Rs.
3.32 Crores.

Action Taken:

Replies submitted to Audit






ANNEX-III

REPRESENTATION OF SCs, STs AND OBCs
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DAE
HWB
HWP
TBP
D2EHPA
NFC
BWR
PHWR
NTPF
IGCAR

BHAVINI

FBTR
NSSS
AERB
FRFCF
AHWR
KAMINI
ECIL

NPR
SECC
SNAS
TMA

VWPAT
SDR
Ca&l
NPCIL

BRIT

DLW
PET
cow
IRSIS

GMRT
LHC
IOP
HBNI
NEHM

ABBREVIATIONS

Department of Atomic Energy
Heavy Water Board

Heavy Water Plant

Tri-n-butyl phosphate

Di-2-ethyl hexyl phosphoric acid
Nuclear Fuel Complex

Baoiling Water Reactor
Pressurised Heavy Water Reactor
Niobium Thermit Production Facility
Indira Gandhi Centre for Atomic
Research

Bharatiya Nabhikiya Vidyut Nigam
Lirmnited

Fast Breeder Test Reactor
nuclear steam supply system
Atomic Energy Regulatory Board
Fast Reactor Fuel Cycle Facility
Advanced Heavy Water Reactor
Kalpakkam Mini Reactor
Electronics Corporation of India
Limited

National Population Register
socio-economic & caste census
secure network access system
integrated threat management
appliance

Voter Verifiable Paper Audit Trail
Software Defined Radio

Control & Instrumentation
MNuclear Power Corporation of India
Limited

Board of Radiation and Isotope
Technology

Doubly Labeled Water

Positron Emission Tomography
charge density wave

Infrared Spectroscopic Imaging
Survey

Giant Metrewave Radio Telescope
Large Hadron Collider

Institute of Physics

Homi Bhabha National Institute
MNational Board for Higher
Mathematics

HBCSE
TIFR

™C
SINP
IMSc
HCRI
IPR
AEES
NISER

NEC

NER
SVD
CDW

INO
RPC
RIA
IRMA
UKAS

RMC

EPRs

CRZ
PCRD

HRTF
ITFT
RPV
BARCIS
IERMON

INPRO

Homi Bhabha Centre for Science
Education

Tata Institute of Fundamental
Research

Tata Memeorial Centre

Saha Institute of Nuclear Physics
Institute of Mathematical Sciences
Harish-Chandra Research Institute
Institute for Plasma Research
Atomic Energy Education Society
National Institute of Science
Education and Research
North-Eastern Council

Regional Cancer Centre
North-Eastern Region

Silicon Vertex Detector

charge density wave

Dark Matter

India based Neutrino Observatory
Resistive Plate Chamber
Rradioimmunoassay
Immunoradiometric assay

United Kingdom Accreditation
Services

International Atomic Energy Agency
Radiation Medicine Centre

As Low as Reasonably Achievable
Evolutionary Pressurised Water
Reactors

Coastal Regulation Zone

Passive Catalytic Recombiner
Device

Hydrogen Recombiner Test Facility
Integrated Test Facility Tarapur
Reactor Pressure Vessel

BARC Channel Inspection System
Indian Environmental Radiation
Monitoring Network

Innovative Nuclear Reactors and
Fuel Cycles
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