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SAHGUEIVSEEIED BARC Celebrates Founder’s Day

AP feaT 2015

ST, AW TG,
&, TRATY Sl AT T
A, 9] Soit fIHTT & ARAT $T e a1e

TT. GHET ATAT & =9 HiT 10631 FUIMS AATA THA
ARAT AT FHA H Tq a9 ATAT G271
ATEYTT %% &l ITATETT (ATS THT TgA gl o1 AL
87 S ar o) F s«@mEn, § 3w 9w e
STATSERAT TT THTET STAAT AT

aa ® Arferr fasret g9t % y=ree i e
I I qTEaY wPed dE srear forfees
(UAdTEaAETe) § AT 2014-15 H €A 82% *
FIRE FFeT quT 88% FT IUqSHAT T F ATT
37,835 MUs TasTe(l T I==aH IcdTad AT | I a9
¥ vafiEfemsue 9 e & fRdew 2015 F S
19118 Mu fasT=AT T IeaTa fFam

FEALAH AN TaSTetr=aT H47 it Tgell Zars o 31
fREaw, 2014 1 arforas y=Taq arw B, e
39T % FEATAa ArreehrT fEea aar 5780 MWe T T 81 %@ *9d gadt IHe &
IS AT F UL H FHTA TR STy 7 319 g

ATEATT AT TaSTeft S F Rame et Aafer &7 T Fw7F AR @l T 9, A
ATTTERT ST F TF a9 ° (e & & qad TATAT &of (oh; T T oISt g st
IfHe-2 7 UF a9 | TfaT Tater &7 aqq T=arad &1 (a7 3T f&dew 27, 2015 #1 518 &

FT qAT TATAT AT TS o0l (ATSTHATEE M-S F Tgel); T ICATEA Fvg -4 7 TF a9

o AT TATer T T qad TATAT &1 (64T, T 28 JATs, 2015 T FATHS-21E (T & L&
B | Tget 419 AT 1 #aq g=rer 2

500 Mwe TTereTsd wree Y Ruger (Muwdtsm) w1 Ml F1 927 81 747 § 3% 96T
FHTOHA ST T2 81 AT F FL01-a1e FIHTRT T TETH 90T, S99 A0 AT I
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qTe Hifdshar ug st w7 Icared da gq Fams FAadl gq USsal & q9e e
T 81 Zq T o¥e RUFeT (THRATEISR) 9 38 |1 T TATAT 6 o1 290 O F ford

2, AT TH 24.5 MWt 3T 5MWe & 3a T o HaTg TTa< oael € TATeTd (3T 34T, T 20
ST 7 U | SET T

ST & FIHAITE | F1C Tt 700 ATaTe o FTied 9T 9T+ RU#FeT, FEHTITE aEHT9
= afsET (FUd 3 UF 4) fit IMe (3 UF 4) UF TSI & TAqATET § TSEAE
AT T AR () % IHe -7 &7 8 &1 AT & wWid 9% g1 =9 w0l H
faferer 1 qA7 AT Jei TA7T ITHION FT TEATIT FHETAL T TR 92 gl ST T
& o0 q=T ITHTOT 6T LT 0% 3l T8 gl FART A3 F FEALAH, THATE § =9 TET
(FSATAR AT =T TRATSAT (e -3 37T 4; 2x1000 HIATATE) F T RT | &I ATeTT
ST uae (Taesega), MeEqy, gRATIT § T Faqeft arfad AT 9t Ru#es, TETE,

AT o] B IRASET IMe-1 3 2 ; 2x700 TTETe & A79T Fed & (o0 SIqHad
e Y AT 8

AT TATHE aTel S SHd HIaA-Ede7T (STl -3¥s) a9T o+ T &g
AT AT FFEAAT AT AT S AT T (ATSTAAUT) [F e o forT T 2015 §

qOT eS| Ag AmsuAsrsdr Atk ety fBfEer T@ar (#ueuad) sifateay, 2010 F

TTHLTHT % STAId AT T STATSAT [ AT FA 3 (70 [T | S AT AT F H
TH ATITHTT o AT Arqawdrall & SITEHT &l A FA & [T T AT 312 918 |
& T ST

ToUH U AT TG 9o 0l [aree iaersi F1 w1 oared 3gay &3 9% 9ga+T 9
2Tl TAURHT, §a4raTs § arfad 9T 9T RUFe & 249 3cared § a9 2014-15 7 fU=er

T & AT H 30% T Ffe3 go

AT 91T G495 100% & ATerd® &Har ITIRT (111%) Aigd ot AT Aqar | Y Hed

T TAT TgA ol AT | Ga" FF A1 FAT @I gl AT T a1 & (Sardes Scarad
T AT S99 =6 % o AN QAT T AN &6l SEeddrell & T ®ed & o

ARAATIAH TATq (1 T

Tt 7 s U av F 0 14,463t TR UsOs wamiua o 8 e et avged
TISHET & o1 T Fef TRT 50,926t BT TAT 1 39T 3 TLTH FA1e A7 1,91,593tU F agT=T

2,25,936t U3Og T AT AT AT gl T T | T TTddhe [#ATd T ATHAT FLeA 6
JTASE TEA 0 AT H Al A1 T THI0 g7 TIH FT a9 (e =
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IcqTaA FaRTE AT BT s/ a9 a9 10,000 29 (S11T) JHTSTee S9rae S35 FT aTioredeh

TATAT ASATLTA FIT 72, 2015 H 0% T 19| smEaesue 7 s+ ety gfHe & o
T H ATHT dT @A il SATHAH ATAT TAT 47 AT 2 Fahre il

SHIAEUS F a2 FEwrer § R qgE U (AEE) w7 HEATAT g7 T wdver
gaT SAel Fvg § o, AgREer & O S99 9 ARt g FARAAE aF Haaw
STUTTEAT T ST 2l ST SRS U GIXT 92T (haT 13T

=8 99 g § SEULU & Ui (Haras qufie far (rdureud) Ao § awary St
Rame FIE (TEareEt) & At fEea geelt Fams Gharsera $ aaead aeter i)

ALATATH EF F TSI AT FTLATSAT TAT FHIAAT et daeft qeiar £ srgadi
FILATS o ®F | ISTT T FIHT T TET Tl ZHATY [&H29r HATAT & qa<aradr™ | g3t A7
TANHIAE A o s | TEATQeT & 35 Ua & o 9= HqATg H7 AT SHoil 9
FTSS Y (THEUAS) srAfora

I AT & &7 H TASHT AEdTT HeAT (ASH1eMY), T, ora § a7 sraean
ATAATAT I HH (THUHEET-1) ~ 500 THUH ATeN TF [T TATSHT et a7 1.5
AT & ZTSed TFT & Higd 60 T & ATeH TATSHT Tl 6 |1 TATrd gl 47T gl
AL H AT il AgATRIAT o AT & & H, T TSl AT SA-S AT 7 TA-HI5e
TNTEET % AT Tgol TaTAT -l I3 FL &l & & 3¢ HCAT ATaTg AT Tadd qer4T,
TEAT o oA FH o¥e FHeE! (TAIEIUE) Ff fToraw, 2014 § 97 2\ IR sAai®

HITAT Al T ATHHLOT &l ST 2015 H I8 F QT TT §| FORT dfe? =9 At Tgedl &7
o § Fery T 97 9 T4 2

FIA Ruger st Wem F oo sam-gie &t =em RBIEmhr gq Twaar@s
saTfera foRaT g1 froweteme & oo araseh g sl 3g amaae feavea Fe wv
wiregor Ruser § i o =1 7 Sftaa Fer °§ 575 S0 & 99 9% wra §
AT 2

ALIMTHS, TAE | TS 7 -2 e B &a 2.5 fiemare St 91 200 vqU
T T T&H-T7d THATTIT Tl gl 8 TaE-< TEde 3 w07 Yol T@T il HHILEIT % 912 T24-
2 § YATAATT FH0T GoT TETAl ol el HEAT 98 FT A¥g & s gl ALALahe  ATqATAH LLAT-

AT (THEHARUE) [RFTEA F Hiawad, THA0 T 700 & o v Gega gamar g =
AT T T@T 8 ST @< Aferd Torrel! a7 FHc@sd e Jd 9¢ ema afasT & T=i
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Ao RHT 7 TRAaTIa® T B a9 & 0 i &7 SUdegd1 § § T 97|

AT A AqEeTT TAT FET ATHATT 6 (70 AT AHar<h T6T g9 F7 [d T59
TheATee TAUdl e Ja¥ (AT FT T=2T R (2.5 U7 x 1.25 1H) w@eeft =9 F
e B Tt T S § 9eror BT T

AT o T a9 ([ FHHT % THATE 6 1) ASUST o IS BILH § “TITNT H TLHT
e & forg AR St BT 97 96T ’oEm 9Rd & 99 29 & § uE Gega
FIAFHH ¢ TAT Tg He Ul A AT 31T gdNT HL (ALHIT) FTAHRH gq SART & §

FUUT I TBT B TH HEW H TS o ATIAN 6 AR F waelt STt auars adr
TRIETAT 0 TEI9T Fd g0 MU § Uk Tah+T St w7 i

ST goasherT SaaTal & feEwAuiIar quT TEresaaiy @ a7 U Icamal & o 396
IO ToAT T THA T TR 2 TATH0T FETE FAAT T TATAT A g sit &A1 T

TR Fdl ¥gl gl a9 2014 § I 90 HI31, U IAE, A@TS § a4 O a1, T
EETINCERERIRRIT

AT TLTTEAT ¥ TIAT ITAT F ST SATTIAL o6 TEIT FHL e bl a9t Tetraedy
7ol e, ATATE a7 Rfrea IRt ffeees (FET AT9srh gy FFEd) SN & &1 H

T % oI 2TeT T Frx (STOHET) TAT TR F9Y Feg, IAMEEAL, FIAMAT & 19 TH
FHATAT AT9F 9% a1 17 72, 2015 & gedqre¥ g

FET T Fq FH AN ATl U FA ITHLIN] o (ARl (ST § qad TATHT 6 A0 & H
Tl TATE g (STUHET) 7 SMEUSU & Tgae H HEd-e o gq UF THIe HiF ud fawtad
T 81 TNM (S[AT, 71, HeTee8d) &l AU AEEHT T0TE & a0 AUL0 Y [&aar
FoIT T ZATaTE g7 §4<6 &9 § AASd U qHIg § 1= [T 747 AT

ATTHERTT ST HEHTAT g ATdh g (SHTHTUASHT) T TZA o qTeATaeT oh S I AT-
FIE UTSTHRT AT (7T T TAH AMSUST gTAT ATferd Uy g2eT, arfsehrg a3y &t
AT, AT T AT TISTHH AT 2

TS F AT ¥ TAAT TF ST UF TATRIEFRAT FEAFAT hl Fg 98 o e foam
TS G T8 gl eah Sradl (e 2014 H 9[& 77 73T) ¥9erg & 90 &9 § i st

¥ FZ FTAFAT AT AT AT =TI 2015 % T0ra {&ad T8 § TS FT T AT % AT
STAATIAT U F2T SRUT 97| S8 AATaT ST ATl qigd AT arorei § e
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fasmae ot ST 36 11 99 T 16 sTFgaT 2015 § S99 B F g% ArF 6 9T g1 ol qreret
Hrar # ot yerer w2 form 2l

TAITUAATE ST Uah JTa ferataame™ g (3 ST 2005 /) 7 =7 a9 o9 Aeacd & 7 91
T | T=Efiuass 7 11 512 2015 &1 “U I fSrsafaemes St TauuEr areaar 9T o g

s &=t & =7 IUAT=gAT T I & 18 A, TH Tgd @ FIAT a1l gl qATH T FoIT UF
TSR SR AT B &0=1 | AT HIAHAT | qS(t ATT ST o0l ST gl hehUAd -2
3 drumwetemT 1 oftera: Feterd quT wearga P arfseEh g g9=1 &0 o oo
TATAAL AT ST | I T ICATET @7 ST &, 3T 396 forw g4 asft ara=rai
T TATIAT 3| FATEST T@LE JAT T=, AT (HAA il TEMAAT H g AT(AL T 6 &
H T UHT T ST AT T=LA 2

q=r oAy g T 9afa & 29 Seamel & #4Y 9N a1 FAHH § dsil A gq THT 8§99
STITE 0 3T O FarT 7 Sl oot a1 % o STTUST SiY S, 97T o &9 &0 Q20 He|

CEREIERCISRITCE!
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Founder’s Day 2015

Address by

Dr. Sekhar Basu
Chairman, Atomic Energy Commission &
Secretary to Government of India, Department of Atomic Energy

Founder’s Day Speech by Chairman, AEC 2015 As we
celebrate Dr. Homi Bhabha's 106th birth anniversary,
| would bring out some of the major milestones
achieved in the Indian nuclear programme beyond
those at BARC (which | reported a short while ago)
during the past year. Nuclear Power Corporation of
India Ltd. (NPCIL), responsible for operating nuclear
power plants in India, generated 37,835 MUs of
electricity the highest ever, in 2014-15, with a
Capacity Factor of about 82% and Availability Factor
of 88%. In the current year, NPCIL has generated
19118 MUs of electricity during April to September
2015. The first unit of the Kudankulam Nuclear
Power Plant, which achieved its first criticality in July
2013, started commercial operations from December
31, 2014, taking the country’s installed nuclear
power capacity to 5780 MWe. The second unit at
Kudankulam is expected to be commissioned early
next year. Indian nuclear power plants continue to
register records of long continuous runs. This year,
two more continuous operation of more than a year
of our NPP has been registered: Narora Atomic Power
Station Unit-2 registered continuous run of more than
a year and completed 518 days on September 27,
2015 (prior to planned shutdown); Kaiga Generating
Station Unit-4 registered continuous run of more
than a year and completed 419 days of continuous
run before start of its biennial shutdown on July 28,
2015. Following the completion of construction of
the 500 MWe Prototype Fast Breeder Reactor (PFBR),
its commissioning is in progress. BHAVINI has made
application for regulatory clearance for the stage-
wise commissioning, namely, sodium filling, fuel
loading followed by criticality and raising of power.

The Fast Breeder Test Reactor (FBTR), completing
three decades of successful operation this year, was

operated at the highest ever power level of 24.5 MWt
and 5 MWe, with the Turbo Generator synchronized
to the grid. Construction work is progressing
on four indigenous 700 MW Pressurised Heavy
Water Reactors, Units — 3&4 of Kakrapar Atomic
Power Project (KAPP 3&4) at Kakrapar in Gujarat
and Units-7&8 of Rajasthan Atomic Power Project
(RAPP 7&8) at Rawatbata in Rajasthan. The civil works
at these sites and erection of various components
and equipment are progressing in parallel.
Deliveries of key equipment to the sites have
commenced.

Our Government has accorded approval for setting up
of two Light Water Reactors (LWRs) in collaboration
with Russian Federation (Kudankulam Nuclear Power
Project Units-3&4; 2X1000 MW) at Kudankulam,
Tamilnadu, and two indigenous PHWRs, Gorakhpur
Haryana AnuVidyutPariyojanaUnits-1&2; 2X700 MW,
at Gorakhpur, Haryana. The State-owned General
Insurance Corporation-Reinsurer (GIC-Re) and several
other Indian insurance companies came together in
June 2015 to launch an Indian Nuclear Insurance
Pool (INIP). The INIP will initially launch the insurance
product for NPCIL to cover the operator’s liability
under the provisions of the Civil Liability for Nuclear
Damage (CLND) Act 2010. A separate product will
be subsequently launched to cover the risks of the
suppliers under this Act. The performance of several
Indian fuel cycle facilities continues to reach higher
levels every year. The PHWR fuel production at NFC,
Hyderabad achieved an increase of 30% in 2014-15
over the previous year. Heavy Water Plants continued
to deliver their best with over 100% capacity
utilisation (111%), and with the lowest ever specific
energy consumption. HWB's solvent production
plants operated successfully to meet the requirements
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of nuclear solvents for front-end and back-end of
nuclear fuel cycle.

AMD has established 14,463tinsitu U308 during the
last one year, taking the total to 50,926t in XII Plan
period until now and the country’s uranium resources
has been updated to 2,25,936t U308 corresponding
to 1,91,593t U. Domestic production of uranium
by UCIL also recorded its highest ever production
till date, despite facing certain adverse situation
in some places. We have made significant strides
in augmenting uranium supplies from the foreign
sources also. During Hon'ble PM’s visit to Canada in
April 2015, an agreement was entered into for supply
of 3000 tonnes of Uranium ore concentrate. Similar
agreement has been entered with Kazakhstan during
his visit in July 2015 for supply of 5000 tonnes of
uranium over five years. Commercial operation of
10,000 tons per annum (tpa) monazite processing
plant was started by IREL in May 2015. IREL recorded
maximum quantity of raw sand mining in a year,
about 47 lakh tons, in its OSCOM unit. ECIL completed
installation of Radiation Detection Equipment (RDE)
at major seaports. Supply of Programmable Logic
Controller System for fuel loading application at Satish
Dhawan Space Centre, for ISRO, Sriharikota was also
completed by ECIL. In March this year, the IAEA’s
Integrated Regulatory Review Services (IRRS) mission
conducted the peer review of the nuclear power
related regulatory activities of the Atomic Energy
Regulatory Board (AERB). The IRRS team appreciated
the AERB’s actions and the initiatives taken as a
follow-up of the Fukushima accident related reviews.
Under the aegis of our Ministry of External Affairs,
DAE and NPCIL conducted a 5-week Foundation
Course on Nuclear Energy (FCNE) in Mumbai for 35
professionals of Bangladesh.

In the field of fusion science, Steady State
Superconducting Tokamak (SST-1), at
of Plasma Research (IPR), Gandhinagar, Gujarat,
has become operational with repeatable plasma
discharges up to ~ 500 ms duration and plasma
currents in excess of 60 kA with Toroidal Magnetic
Field of 1.5 Tesla. As part of India’s participation in

Institute
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ITER, the ITER-India, the domestic agency, delivered
its first components of in-kind contributions: a high
heat flux receiving component has been delivered to
the Neutral Beam Test Facility (NBTF) at Padova, Italy in
December 2014 and the first batch of Neutron Shield
Blocks to Korean domestic agency in June 2015.
The first Lot of Cooling Water pipes have reached
Cadarache site in September. KAMINI reactor has
been successfully operated for neutron radiography
of pyro-devices for the space mission. The high
temperature fission chambers developed by BARC for
PFBR have been successfully tested in KAMINI upto a
temperature of 575°C in a specially heated chamber
loaded in the reactor. The DAE's Indus-2 synchrotron
radiation source at RRCAT, Indore has been operating
round the clock at 2.5 GeV energy and up to 200
mA current. With the commissioning of a soft x-ray
reflectivity beamline, the total number of operational
beamlines on Indus-2 has increased to thirteen. RRCAT
is setting up an extensive infrastructure for fabrication,
processing and testing of superconducting radio-
frequency (SCRF) cavities which are essential elements
for the future major projects on Accelerator Driven
System and Spallation Neutron Source. One of the
major milestones achieved during last year was the
successful testing of an indigenously developed five-
cell, 1.3 GHz SCRF niobium cavity. Large size (2.5 m.
x 1.25 m.) Bakelite Resistive Plate Chamber (RPC), an
advanced type of gaseous detector for basic science
research, and also with potential for cancer research,
has been indigenously developed and tested at VECC.

India participated in the IAEA's Scientific Forum this
year (during the week of the General Conference) on
the theme’ Atoms in Industry: Radiation Technology
for Development’. India has a large programme in
this area, and has also been the

Lead Country in the Industry sector for the IAEA
Regional Cooperation Agreement (RCA) Programme
for several years. In this context, DAE did set up
an exhibition at IAEA
technological
the development of applications. BRIT has been
continuing to encourage private sector to establish

showcasing indigenous

capabilities and contributions in
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Radiation Processing Plants for sterilisation of
healthcare products and hygienisation of food
and agro products for their safe and prolonged
preservation. Two new plants were commissioned
in 2014 one at Unnao, Lucknow and at Bavla,
Ahmedabad. A Memorandum of Understanding
was signed on May 17, 2015,during the visit of the
Honourable Prime Minister to Mongolia, between Tata
Memorial Centre (TMC) and National Cancer Centre,
Ulaanbaatar, Mongolia for gifting of the indigenous
teletherapy machine, Bhabhatron, alongwith Digital
Radiotherapy simulator (both developed by BARC)
to National Cancer Centre at Ulaanbaatar. As a part
of continuing efforts towards the development of
cost-effective and efficient tools for management
of cancer, the Tata Memorial Centre (TMC), in
collaboration with IAEA, has helped to develop a
smart-phone App for cancer staging. The TNM App
(tumour, node, metastasis) was launched during the
week of IAEA General Conference in an event jointly
organised by IAEA and Indian Embassy in Vienna.
Under the auspices of the Global Centre for Nuclear
Energy Partnership (GCNEP) initiative, five off-campus
training courses were conducted. They include IAEA
Course on Reactor Safety, Nuclear Material Security,
Physical Protection etc.

DAE has paid special attention to enhancing public
outreach and awareness programmes throughout the

BARC Celebrates Founder’s Day BARC NEWSLETTER

year. As a part of DAE celebrating its Diamond Jubilee
year (launched in August 2014), a large number
of events were held by the various Units of DAE at
different locations in their campuses and other places.
DAE's participation in the 2015 Republic Day parade
with a Tableau was a major highlight, apart from DD
advertisements including in regional languages. DAE
has recently

made an entry in the social media also, with its launch
on Facebook on 16 October 2015. HBNI, a deemed-
to-be-University (since June 3, 2005),completed
ten years of existence this year. HBNI has received
NAAC Accreditation as “A Grade' University on
May 11, 2015. In spite of all these achievements in
diverse fields, we need to do much more. Nuclear
programme needs to be accelerated both in the area
of nuclear energy and nuclear applications. KKNPP-2
and PFBR must be commissioned early and nuclear
recycle plants at Kalpakkam must be operational
earlier. Production of Uranium needs to be increased
and for that we need to look at all possibilities. Similar
acceleration is required in the area of healthcare and
the management of waste to support Swachh Bharat
Mission. | am sure all my colleagues in 29 institutions
of DAE will do everything possible to accelerate our
programmes and take our department to a higher
platform and fulfill Dr. Bhabha's dreams. Thank you
and Jai Hind.
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ST. R a9,
Y93 5 &b N9 BT Garg

URATY] 11 TRAR P TR SR, A AT
AT |

§ WU feqq WHRIE & U sl gfcd WrTd
BHRAT EI AT B9 AHfedh ©U A BAR WHLRT RIIH
ST, BFfl SIERIR A9 &1 S9d 106 91 (YHdl BEd))
YIS IR fTExYdd Hgioifer 3ifid Hrd &l

T & fos &9 aao 99 H AR B fAwred iR
SUAEAT B ITg B & IR afosy 7 AfaRed wama
BHYP SR T WNT o FolT 1Y 3Ih! Y :JAMUT B ©
drfe g9IRT g, Y@ fase ek denfiat &
ST o HIETH F ATHII 2T

HR U8l H 3TUP] 39 A & SR SR $© (AR YA & IR H FA=71 A
# fIeIa & AT ST RuaeR &1 $8 IuArdl I IR0 BT gl

fUoe qu IRGers!l # HHRMT By Y 7Y ST Jhis § NrgsecgiR & IR
UO, SU §Sall T20T &1 MOX SE §S il &l URIeToT fhdT 711l HT93T &g & SIRSISrol Ud
Aot § fInfia gESo IaiTsT B TRIGR & TFeIREITE H &1ud w9 3 JHI
T T; divdseeygaiR 4 wfUd &+ & Y srggiod Al & g 39 ©)®
fafeaTor 2 39 W] Bl SHIEUS B SRR (BT TAT| TR <digd sl
PY G b TRIETOT & 7T 19T bhg # fAHRIT U faeiyst yormeft &1, frers § JareRa
TSI & 250 HATETE & fag]d 6= H fohanf=aa fopam aml Ry 2014 |, 9 J0TTell
=TSl & 3T Siiad & Afagarel) ugel 8 B <1l STax!, 2015 § &7s & Thd 819 &
DR FIH H Yo TSI GHCHT 81 TTg 41 fob $ YUlTell 1 Hiqsgarofl o1 ol 9 UK,
HIY3T e H fIamiaa g9 faRIvst omrell &1 |refedl YA & H1f g 85 | S<d ya1e
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T RUaer 7 Aok Id Bl SThalld 4 & A1 e & ol T T el -
FHII fAR0T §ere Teb-iteh IR TR i - fae i o1 TS|

Y AT &5 &b HEd YUl [AehT_T BT $9 YhIR & -

fafpRor 3iive &g & UR™R, HHTT TAT UISIHH Bl PRIV B & SR AR
fyferear aRug 7 ad 2015 9 59 &g H TSI N9 H TAST UTSAHH Tt B AT
S < gl TSI 3Nvy ¥ Ied-edigad AaRIied & b & oy I8 U 1w
Heaqul YA Bl UTd HHROT Ushd GeA-gel a1 f3ifeadl & oy ve et ars
UhHdb DI T A5 UG [HRid &1 51 oFd bR & ol Ald 37 I[N &
fIPIISTT B Ugd B 8 IS WAlford, HATGLMY Td Ied JARIG1I JoITel!
T IUARTT 81 5 FUITell H GARTE Berd H 3f¥hHb] & e -Mfefelicy aRHTl &1
i3 warg g1a1 81 I8 77 SUHUT URA H BRI 1+ TRE FT U8 IUBI &
T AT SRR TR BT T H TTHT 40% B &1 T2l H B A et
ST {BRoTh, STSRHAT qTT 37T, BT WiaRa, Fed A3 R INURTed daee Rufoai
H PifTETelt B Ao wxw & fou fear a1 g9@ dferad, 96 srafifed
AR IIR - UTRIA (Interlocked) I<d TfT-Jerd TR T, FITGAT-TRAT HId e
AT BITHCY YTl DT YAN B [HIT TAT AR T& HAR Y&eq § Uep JRI&T o
et faftre fifeeig faf & W d el BT SR & g4Td! ST g qaiad
s ST BRI TH JHR BT B, fava § Araail¥ie w U § STl T8l B
93T e b Yehu-fa=T THIT 7 [l 25.04.2015 BT TUT H AT Yebd b YepUT Hepel
BT U ST AT I ol FHY & 17 He &b WIdR IIRb1RAT Bl gqa! Rurd g
TMRISER 31eY JafY GV (ST TAT 3=y Yl I, QI o, S "I Bl Ul STl
foram|

T IEIST IR TR Wi & &85 # 98 Harsal &1 g1 § 9%d gU &l

I HeeArHd Ao yared de (TTARNAIGA) gR1 A Sea gadr-gad
FICS [T G Bl WRAR MQerd ged ST dUTs! 4101.01 YISl §3ATl UH(d &
SITET H U8 Ugdll IO Fasre ge € R dius! Ieed UT gail| Wrer 3R oiel-
T HIAT H TG Tcd D AT D1 FHITI, TR Ud AT b foTg JRIYGHRT T o
TTHIARIGH 1 el Yar g & WU H Al &1 81 STHIIH Dl ON fhellar Wik &I
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gl TP IR HYh HEAYUl ST BINTS DI TS| I8 < ¥ DRI 319 Tb Bl
J1fE® g aTel yare 2| 99 Thal aRierd WR RUaeR H Us0g BT TN WX garef
P WY H BB 300 UM/AICR IRITIH & Qg W IRATgel Asec fdodd & A
foATsEIavor &1 e fHar AT TS UO; BT ST Bl TS TT ATSST ShaeT <530 Bl
FHAAgdD UF, § gRAfTT a1 Tl g8 S99 < & 3791 3R Igdia UR S~ &I+
qrel ATSEISH! JIE AT DI BIBI &G Tb HH DRI HAISID H ALY B JTHAET
I & i H AFHINT NOx HIGUT Bl TSI BT TR HRSb RIS fham Tl
qrseic Wa4 Wk H fhv v g9 9 Tsfed 3 & w9 § 95% NOx & T} 0 |
YIS D1 g1 I8 $YT dsh b AU AR I A1 & g fIera== & SR NOx
RSt B &H A § ITIRN BRI 7ol 2T & 1) Uil Igad & 3,
SRS geo¥l & U ygre &l IuART Icurg # gRakia w1 & oy I-rif~d
3R Afifcrep wfehaTy fa R o1 TS|

SUIR-Yd IUTY & ©Y H e Fepyor g1 I9& 91q SuYdd Hid 3Megg H Afhd
FCdI BT BIAIBIU PHRPh 20 m® NI Iod R §d IJURTE BT Jda Seogalsdl |
B YR1 AT 111 Ugel Hg HididpR0 B Bl dol oA FTI 60 BIRR
drSeeUl U= BIAT AT U 3d 20 m® I=d &9 JURME BT IYAR B F bad 4
drSeeUl BRI~ g3l STIHTS IR & fofT 1w argeh-Heod Y-90 &b
ITE B Iod WK 59 AR H A MSIRNAID Fgal aTel Sr-90 Bl YAh B &
o gfeha v &1 7151 e gy & forg ITSTIWTST JIFHIT BT Y -90 B YT
DI g1 AR BRIHH H Sr-90 P ATHAN & [T 5 TS AT H I=d TR G4 IAURIE
H A YIP B b forg WY ufehar wfid ot 13|

AR 30 & P8 AR [THTH BRI §8 PR ©:-

FUATHAT (SHRY) TAT HIYRN g & 1 Yo T S99 o Sfeia =+ fRud faws
ARTHTE fARE Be (FUAauAdD) & fy @RS MEIRA D-T =Y A DI TN Hb
T ST Gaen Wfd o 15 | 91937 $g & fAveT gaT f[qrd 9T § 9=
qqb-Teheceild fwaRRie |fed e gaT gaei & Wazl Ire- o Sod & Wied
GIHT SHTs T Bles UH HICIZOR BT (I 3R RITYAT Bl 5|
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3T H TARI $B AR IR BT ook B Sil SR S IR AERHAT & Tl
BERCRIRsIE I

DI gagedl SRS 7 f&=Tiep 15 fEHaR 2014 BT U Ygell T AT P& Bl AR
18 H g8+ 37U QUi SR OR grTer 1 faeie b 59 3 & sl uxieor fby o
2 8 3R S9Ta! IR o7<6] B1 IT UAge], aR<Ifdd SUIRT & fofY IR 81 I8! gl Had
gohl U RUder & R0 gd TSR0 Jortell & GRS | U8l Udhldhd q_ieul
31IR THTUT o folq 1931 e & HIUARATS S § Uebldhdl YIEToT Gem (ITF) A1 Bl T8
A 81 DT ST MDY gged! P U Sfias qgarh gorell & w9 H
SITQAT| f&ieh 29 FeaR 2014 D1 gaT RUGER Bl Sae! o FfeRT 100 FITEIS GR F=TTrd
DHRAT I (6T M1 59 RUFER o IR 2015 H 379+ hifcredT & 30 a¥ IR fhyl 9 A
I8 ITIqH AT U AT ~AdH S8 [Jherd] S U1 SRl ¥8T 81 WA 36! avE
Tl Y81 8 IR 59 I fIRre wfafafer qrer AfeatsnsHie™l &1 Rere 7rar § Sde
fparl Sue AfaR=as glaensli 7 Sea &¥qar Yulic IR Jdd Jdie 5q SU9 &1 qHIdg
3gfct HTead o1l ORIy S8 3Rl b1 fBRUM Yo (HAT M1 TR 2014 H 75
e &1 FToT R foam a1 qor A Tffaferi & fog &b fay sn e €159 glaen &
Ty aufard uqff=ae sirege & LEU STemiRd U,Si, ©ie a1 fAsteng H dole Wl gl
TAT| SIS TSl Bl BICHR SHD] [THST BRch BeTdTaDhH H PIA BT A& BHILAT Yo
T Tl Aeia o AT &l A e iIfafer q¥ SR 4 Il 81 &1 |I93f b, ATRAT
3MenR omTett & forg ot Se a6 & faam IR R &) 38T Bl fasTid 12 S1ast 2015 !
fae[a Rugex Aifar gadwred Gfaan (PRTRF) &1 Ak GHITH [ 8 A 59 &1
D1 D FSTaT el SHA BF ATRAT TR GG IS & rgoft g+ Srgn|
ARIR YT Hifh-2 do1 Heuramd [T ®1Y, 9 S AHared G331 & 34
fAraTE= SIRY @11 9 WA 7 9N 2014 H 379 AP BT FarH e fhar 9o 39 ay i
W & F1E 1 31 21 ARTYR & SRS Fegeliaror S5 = W1 99 2014 H 31261

FeITes R 120% & IR B HA11 I8 319 T &1 Rbre & AR 59 g9 9 gD
FreITe I B STeT 8l WEl §l 9T AEdl dTdd UieH @Rl g Hifda! T weid
ATt IRATSHT & I ARBR BT SrJHIGT UG [l a1 q1 Feandl gl &
RN TIR [T Y &1 ARAI TTDT BT IS 99, BHICId HYaRT THbaT Teriaferi
& T IR &R gdhT 51 WRA H [JH AT TSR BT S T1I JUAY & HHIod |
T ST BT Bl JMAUHY g ST Rudex & foy o Ui & g Q¥ SR R &
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Ruaes ®Is & folg 90% e+ = &1 dfava fean S gar 21 i o 73 Aidl & SuaR
PRSP 3T ISTIHT Al BT FueH R a1 T I8 afdear SRy =9l &4
TSRl §RT U fhy 7T At Hidl &1 STAR & @t TIRT 3R 32 8 §as R
SIS UHSIR BT YA TS G H WY IS T QR (MUY SFeHATY!
BT AN HRb AP Pt BT Sog U WaeHGRTd! e d BR- 9 Y AR 8T8-
JATSAHRD ST AL b fARST 3R JATHT e -3AKIcd I b IR H Ul <l | AU
&g rudTe H fufreat iR wHaRal gRT vy 1y faRy mamdl | IR -3muTddTen
Al &b T JUTSTH o &1 UcHiel T 3Tae bl BH DR al Iuiie A A1 &4 fhar
AT W 4 fAeRId T e Frshyor gfshar &1 JaNT $-d oIl S99 Wk &4
AR (TAUUTSey) H A g1 ATAT H AT -137 DI T HRAT Y (b1 7471 AT
HiEIPpd Cs-137 UfRT Al DI SF Ul & U8l U Bl FlARTT DHRb gad! ATYfT
DI 1 37 Ul B TN fe & o fovores # foran S IET 21 39 wieifiast &1 ua,
AR &3 H faea # ugell IR fHar 1 R8T 21 AN W Icured hafafy IRy gl
AT A 9 bl raetf¥a IRIIH &1 I Ugell IR (a1 TRl derdTand
Ry Seeygarsdl H IRIIH JUFDRUN GIH BT q& BHIL [HAT AT TAT Ied TR
3afRrse H | PRI BT GAFHRT 3R YR BT GRATY AR B (BT 171 BT BT b
HSRUI Tl H ¥ Iod WK IR BT TR HaT 1711 BT B MgUesy Slhal bl
STl fHaT 17| W93t H5 7 SHIAETA & FSANT I Farad Ve - o1 A fFrieror
JoTell (YIS T) &1 3Mfidhedd IR [IHr fhar 81 gaTs 318, Yed WM iy
HISITeh Il IR GREAT MILIHATS YR B & oIy SHHT YA fHar Sgm| I8
JUBRYT JATATIIT SUDBRYN F T W 81 (IR Fel St yared o1 faesry s gR1 febarm 1
qAT 3MSUB3 H $HHT ITe SIRT a0l ey uaref Iaures ol J4l gfaemy agd e
B T Bl I8 W H M uigee 997 | ugell aR 4.5° U IR 59 Biferad &1
IATEH BT AT AT HUYS B 1 ol I=d g dret IS v (LEHIPA)
TECl R 1.2 Mev T @R fham 111 19 I8 4RI 81 ST 9 I8 99 § wa9 sffered
SOl IedTa BHRTdTell G g Sy

fora arfor,

TR &g &I I A9 SUATSRIT 8HR I AR Bl geTold G9d 81 UTs T8+ IRe & 1o
P} B fhar § a9y wu J URImaH, oRaT, TRy SRR, -1 JdT, SOl
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4T, ARET, TAIRTGR/ I3 31X 377 &1 ! g=Id1g 1 ATedl § s sHRI JIThd
IR IUATEIT B FIT I 1T

3TOAT HIYOT HHATK B A T8l H Giod H31 aredl § 6 eNdhdda IRAR & folg Hidey
D% IRAR T JISTHT FSTIAT D IR BT 1.3 ARG WU I TGIDBR 1.5 ARG DU B Sl
E Bl

ST T ot wae e & g1 5 ool oo aul # &89 oo STET IR Harslt &l
SYANT & [T Iuete BRI H 6] WA I DI 81 I8 SAIAY AT I UIIT Hilch
BHRT &Y RIS DI AT BT 81§ Sl $B GHI A Il Yo ARIARIT BT RT BRA
H RIS U1 D1 &1 T 3T Hecqqul GAe3i Dl AP LIAdT H 9T FER
fepar &1

3iwfergt &1 faer, Sea HiefTe e gfaensit &1 i, onfe # 7y ugd fohy 1y
gl

1 SUATEIIT Bl ARTET 6 A1-A1Y 8 99 39 91d I A89d © b 85 =t fafaferay
& YT AT H 31T 3R A 31frh T B 3Mfeh A Afeh BT He B

JEIf U o & & T4 326! WA 7121 81 T8I & offdh 39 BRI 89N FRiF0 4 ©Y
g I T 3 &3 # el #§ GuR B3 @t 3R e HfSd B B MIegHell 2

AR Ty omst o1 =1 39 91 & forg aden Suya & o5 &9 o1y w1 deiT 37+t Jard
UL BRI H AR D TSH AT & oIy 1Y 3MIDT Y : FHIG B |

SRR
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Founder’s Day 2015

Address by

Dr. Sekhar Basu
Director, BARC

Senior Members of the DAE Family, Distinguished
Invitees, Representatives from Media, my dear
Colleagues and Friends, | extend warm welcome to
all of you to this Founder's Day functions. Today,
we will collectively pay respectful homage to our
visionary Founder, Dr. Homi Jehangir Bhabha, on his
106th birth anniversary. This is a day on which we
reflect on our performance and achievement in the
current year and also rededicate ourselves for further
improvement with extra efforts so that our nation
benefits from the applications of nuclear science and
technology.

To begin with let me tell you about some of the
specific achievements during this period.

| start with some of the achievements in power and
research reactor sectors. Four UO2 fuel bundles
of PHWR and two MOX fuel bundles of PHWR
were examined (PIE) in the RLG's New Hot Cell
Facility commissioned last year. The hydrogen
recombiner developed at BARC has been extensively
qualified at HRTF, Tarapur. Technology for large-
scale manufacture of the hydrogen recombiner
for installation in PHWRs has been transferred to
ECIL. An expert system developed by BARC for
health monitoring of operating turbine blades was
implemented on NTPC's 250 MWe power plant
operating at Bhilai. In September 2014, the system
predicted in advance, short life, for the blades. In
January 2015, the plant experienced a major accident
due to blade failure as predicted by the system, in
turn providing a major endorsement and validation
of the expert system developed at BARC.

A methodology for joining stainless steel to Zircaloy
4, based on a novel Ga-assisted diffusion bonding
technique, was developed for High Flux Research
Reactor. Notable developments in the health care
sector are:- RMC has been recognized for conducting

MD (Nuclear Medicine) course from 2015 by the
Medical Council of India, following an inspection
of premises, faculty and curriculum. This is a very
important achievement for high-calibre manpower
development for nuclear medicine.

A new technology of a Micro-flow Processor for post-
hybridization processing microarrays and membranes
has been developed. This automated, programmable
and highly repeatable system with controlled flow
of sub-millilitre volumes of reagents in an iterative
fashion is very useful in identifying pathogenesis of
diseases including various types of cancers. The new
instrument is the first of its kind developed in India
with a cost reduction by about 40%, compared to
that in the international market. An indigenously
designed Alpha particle irradiator, BARC Bio Alpha,
has been fabricated to irradiate cells under sterile
culture conditions at a precise dose using its built-
in software-interlocked high speed shutter speed,
user-defined source speed and collimator parameters
and will provide adequate data for effective use of
Alpha particle irradiation as a safe and target-specific
therapeutic mode in cancer management. Such
instrument is not commercially available in the world.
Seismology Division of BARC detected seismic signal
from Nepal earthquake event on 25.04.2015 and
reported it to the authorities within 17 minutes of
the origin time. They also reported the event in Hindu
Kush region of Afghanistan in short time.

We have been able to reach new heights in the field
of chemistry and chemical technology. High purity
quartz reference material developed by National
Centre for the Compositional Characterization of
Materials (NCCCM) has received the Indian Reference
Material Number BND 4101.01. This is the first
certified reference material from DAE to receive the
BND status. NCCCM has been validated as a (service)
supplier by European Commission for homogeneity,

NOVEMBER-DECEMBER 2015 | 15



stability and characterization of major element
content and trace element content in food. In the
ultra-purification of germanium, another landmark
was achieved by preparing 9N material at kg level.
This is the highest purity material developed in the
country.

The direct denitration of uranyl nitrate solution (at
conc. of 300 gm/I of U) was demonstrated in bench
scale fluidized bed reactor using U308 as bed material.
The product UO3 was screened and size fraction
<53 u was successfully converted into UF4. This will
considerably reduce nitrogenous effluent generation
at front and back end of fuel cycle. Simulated NOx
concentration in the off-gas of reprocessing plant
was oxidised using ozone for absorption in scrubber.
The demonstration carried out in pilot plant level
could effectively recover 95% of NOx as nitric acid.
This will be useful in reduction of NOx release during
dissolution both for front and back end of fuel cycle.
Chemical and physical processes for converting
diamond industry waste into useful product were
developed under technology incubation with a
private industry. In the field of waste management
our team at Trombay did commendable job.

Management of 20 m3 of legacy High Level Liquid
Waste has been successfully completed at WIP using
solvent extraction as pre-treatment step followed by
vitrification of active components in suitable glass
matrix. Only 4 VWP canisters have been generated,
for the treatment of 20 m3 of HLW, as compared to
60 canisters in case of direct vitrification which was
practised earlier. Process for separation of Sr-90 of
radiochemical purity from High Level Liquid Waste has
been established for generation of carrier free Y-90
required for radiopharmaceutical applications. Y-90
has been supplied to Radiopharmaceuticals Section
for medical application. Process for separation of
bulk quantity of Sr-90 from High Level Liquid Waste
for its application in space programme has also been
established.

Some other developments of interest are:- Neutron
Radiography Facility using accelerator based D-T
neutron source for Vikram Sarabhai Space Centre
(VSSQ), Trivandrum, has been commissioned under
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VSSC (ISRO) - BARC MOU. A high field pulsed
magnetization unit and field press magnetiser
for indigenous production of rare earth magnets
with high magneto-crystalline anisotropy has been
developed and installed at Rare Earth Development
Section of BARC. Let me now mention some of our
special achievements, made possible by the efforts of
large number of my colleagues. Nuclear Submarine
‘Arihant’ started its first sea voyage on December 15,
2014 and subsequently demonstrated operation at
full power. Further, sea trials are progressing well and
the boat is getting ready for induction. For integrated
testing and qualification of C&I systems of compact
LWR, an Integrated Test Facility (ITF) has been set up at
CnID, BARC. A Compact Electrolyser Plant, consisting
of cell module and process skid, has been developed
for use as a life support system for nuclear submarine.
On 29th November 2014 DHRUVA reactor was taken
to its full power, 100 MWth. The reactor completed
30 years of its criticality in August 2015. Since then it
has been achieving highest ever capacity factor and
lowest ever fuel failure rate. Plant is operating fine
and produced record amount of radioisotopes of
high specific activity. Fuel fabrication facilities ensured
timely supply of fuel for continued operation at high
capacity factor. Irradiation of special fuel assembly
was started.

Construction of new facility was started in October
2014 and contract is being awarded for the balance
activities. LEU based U3Si2 plates in aluminium matrix
and clad in Alloy required for this facility was also
made. Warm commissioning of P3A at Kalpakkam
was started with the chopping of DDU bundles.
Commissioning activities are progressing in full
swing in all the areas in the plant. BARC is working
on the development of complete fuel cycle for Thoria
based system. It got a major boost with the active
commissioning of Power Reactor Thoria Reprocessing
Facility (PRTRF). This step will take us to the forefront
of Thoria based reprocessing activity. Reprocessing
plant PREFRE 2 at Tarapur and KARP at Kalpakkam
continue to give excellent performance. Both these
plants gave their best ever performance in 2014 and
is expected to do well this year also.
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Waste Immobilization Plant at Tarapur also worked
as well in 2014 and set all time record by working
at 120% capacity. The plant continues to perform
equally well this year. Government approval for the
project ‘Physics and Advanced Technologies for High
Intensity Proton Accelerators’ was obtained and
details of collaboration arrangement has been worked
out. First batch of Indian scientists have proceeded to
Fermilab joint design activities. Equipment developed
in India are undergoing test trials at Fermilab, USA.
Supply of fuel pin for Prototype Fast Breeder Reactor
was continued in full swing. 90% fuel pins for the core
has been fabricated. Disposal of orphan radioactive
sources was started with the treatment of 73 sources
in Trombay. The process will be continued and we are
preparing to treat all the sources that are collected
by AERB.

A high-spin spectroscopic study of the nucleus
188Pt using the Indian National Gamma Array
(INGA) spectrometer at the Pelletron Linac Facility
at TIFR, Mumbai, has revealed the rare and unusual
coexistence of both shape- and high- isomeric
states. Special efforts made by doctors and staff in
BARC hospital has brought down the waiting list for
appointment in non-emergency cases to two weeks.
Separation of large quantity Cesium-137 from legacy
High Level Liquid Waste (HLLW) using indigenously
developed novel solvent extraction process was
established and fabrication and delivery of the first
set of ten pencils of vitrified Cs-137 pencils took
place. These pencils are being used in BRIT's Blood
Irradiator. This technology is being used for the first
time in the world in commercial domain. Further
production activity is continued. Depleted uranium
from reprocessing plant was used for the first time
for upgradation.

At WIP Kalpakkam Uranium Separation Plant was hot
commissioned and separation of Uranium from HLW
and further volume reduction was carried out. HLW
from one storage tank of KARP has been treated. The
ILW tanks at KARP were emptied. BARC has designed
and developed Portable X-ray Baggage Inspection
System (PXBIS) in collaboration with ECIL. This product
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will now serve the security needs at public places like
airports, railway stations as a low-cost substitute
for imported instrument. Special cladding material
development was completed and production at IF3
continued. All special material production facilities
continued to perform very well. Liquid helium was
produced at 4.50 K for the first time in a pilot plant
made indigenously. This is a big step forward for
Cryogenic Technology Development.

Proton beam was accelerated to 1.2 Mev at Low
Energy High Intensity Proton Accelerator (LEHIPA) for
the first time. It is one of the milestones for ADSS
programme in India. Dear Colleagues, All these
achievements of BARC were possible because of our
unsung heroes, who work behind the scene. My
special thanks to administrative, accounts, health
care, fire services, engineering services, security,
association/union and several other areas, that made
all our progress and achievements possible. Before
concluding | wish to inform that the BARC Family
Relief Scheme support to the bereaved family is being
increased from Rs.1.3 lakh to Rs.1.5 lakh.

As you would have noted that over the last few years
there is considerable improvement in our delivery,
which has been possible

because of our focus on serving the nation. We have
made commendable achievements in completing
activities which are going on for some time and also
achieved remarkable improvement in the functioning
of various critical facilities. New initiatives have been
taken in the development of medicines, creation
of high technology research facilities, etc. While
acknowledging these achievements we must agree
that we have to do much more in the other spheres
of our activities. Although some of the areas in which
progress is not good are attributable to reasons
beyond our control but in other areas we need to
do focus for improvement of delivery. For us today is
the right day to rededicate ourselves to accelerate the
pace of delivery at an early date.

Jai Hind
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27t All India Essay Writing Contest

The 27" DAE All India Essay Contest on ‘Nuclear
Science and Technology’ was held in October 2015.
A total of 307 essays were received, out of which the
authors of 29 essays were selected for making an oral
presentations at Mumbai. The selected participants
visited various DAE facilities such as BARC, TAPS-
3&4, BRIT, EBC etc. Prizes, in cash were awarded on
Founder’s Day which was celebrated on October 29,
2015 at BARC.

Essays were invited on the three following themes:

Theme 1: Demand for safe, clean and reliable
energy in India; Role of Nuclear Power

169 essays were received on this theme out of which
154 were in English, 13 in Hindi and 1 each in Tamil

and Gujarati. 12 essays were shortlisted from this
category.

Theme 2: Radioisotopes and Radiation
Technologies for the welfare of mankind; A
Saga of 120 years

101 essays were received on this theme out of which
100 were in English and 1 in Tamil. 12 essays were
shortlisted from this category.

Theme 3: Power Beams and their Applications
in Energy, Environment and Healthcare

37 essays were received on this theme out of which
36 were in English and 1 in Hindi. 5 essays were
shortlisted from this category.
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Participants of the 27* DAE All India Essay Contest visiting various DAE facilities
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Industrial Safety Awards 2014

As part of safety promotional activities, Industrial Hygiene
and Safety Section of HS&EG, BARC has introduced an
Industrial Safety Award Scheme in the form of Director’s
Safety Shield on rotation, for BARC units.

The entries from the various Divisions/Sections/ Units of
BARC for the year 2014 were invited from three different
categories of units/facilities, namely,

A: Operating Plants
B: R&D Labs and Industrial Units
C: Engineering, Projects and Support Units

A thorough scrutiny of the entries were made and a
comparative study of all the entries in each category was
carried out based on the different parameters in respect
of Safety Statistics and Safety Management Indicators
including that of training and motivational efforts.

During the Founder’s Day Programme held at the Central
Complex Auditorium, BARC on 30.10.2015, Shri R.J.
Patel, Chairman, CFSRC and Chairman, Industrial Safety
Award Scheme Committee announced the winning
units for the year 2014. The winning units are:

A. Under Category “Operating Plants " Tarapur
Reprocessing Plant (TRP) [PREFRE-I, PREFRE-II, AWTF,
SFSF]

S. Pradhan, Chief

I 1_.1
Category A: Operating Plants —
Superintendent,

Safety Award received by

B. Under Category “R&D Labs and Industrial
Units"” lon Accelerator Development Division (IADD),
6MV FOTIA

C. Under Category “Engineering, Projects and
Support Units” Nuclear Recycle Project Construction
(INRPC), NRB, Tarapur

Representatives from the respective units received the
shield at the hands of Shri Sekhar Basu, Chairman,
Atomic Energy Commission and Director, BARC. The
award comprised one Rotating Shield and a small
replica for retention by the respective winning unit.

Shri S. Pradhan, Chief Superintendent, TNRPO, and Shri
K Dubey, Plant Superintendent, TRP and Shri Hemant
Kumar, Safety Coordinator, TRP received the award in
Category A - Operating Plants.

Shri P.V. Bhagwat, Head, IADD, Shri S.K. Gupta, Head,
FOTIA Section, IADD and Shri Arun Agarwal, Safety
Coordinator, IADD received the award in Category B:
R & D Labs and Industrial Units.

On behalf of Integrated Nuclear Recycle Project
Construction (INRPC), NRB, Tarapur Shri K.K.Singh,
Project Director, INRPC and Shri M. Domesa, Safety
Coordinator, INRPC, Tarapur received the award in
Category — C Engineering, Projects and Support Units.

Shri

TNRPO accompanied by

Shri K.Dubey, PS, TRP and Shri Hemant Kumar, Safety Coordinator, TRP
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Category B: R&D Labs and Industrial Units- Safety Award received by Shri
P.V.Bhagwat, Head, lon Accelerator Development Division, Shri S.K. Gupta, Head,
FOTIA Section, IADD and Shri Arun Agarwal, Safety Coordinator, IADD

Category C: Engineering, Projects and Support Units- Safety Award received by
Shri K.K.Singh, Project Director, INRPC, NRB, Tarapur, and Shri M. Domesa, Safety
Coordinator, INRPC, Tarapur.
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Release of the Founder’s Day Special Issue of
the BARC Newsletter

The CD of the Founder’s Day Special Issue of the BARC
Newsletter was released by Director, BARC on 29th
October, 2015. This year, the Special issue carried 47
Award winning Papers; 34 papers on the DAE Excellence
in Science, Engineering & Technology Awards for the
year 2013 and 13 papers on Merit Awards received
by BARC Scientists & Engineers in 2014. Out of the 34
DAE Award Papers, 4 papers were from Homi Bhabha
Science & Technology Award winners, 10 from Scientific
& Technical Excellence Award winners, 4 from Young

Applied Scientist/Technologist Award winners, 3 from
Young Engineer Award winners, 4 from Young Scientist
Award winners and 9 from Group Achievement Award
winners. The 13 Merit Awardees received Awards and
Honours at various national and international seminars,
symposia and conferences held in 2014. As with the
regular issues of the BARC Newsletter, the Founder’s
Day Special Issue can be accessed through BTS and
Lakshya portals and through the BARC website.
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DAE (Excellence in Science, Engineering &
Technology) Awards 2014

The DAE awards scheme was instituted in the year
2006 to recognize outstanding accomplishments
and exceptional achievements of the DAE staff,
who are engaged in scientific research, technology
development, engineering /project implementation,
teaching, healthcare and support services.

These awards are given annually.

The awards for the year 2014 were given on the eve
of Founder’s Day on October 29, 2015 in BARC. These
were presented to the winners by the Chief Guest,
Shri B. Bhattacharjee, Former Director, BARC and

The Awards were in the following categories:

. Homi Bhabha Science & Technology Awards
Exceptional Service Awards
Scientific & Technical Excellence Awards

. Young Applied Scientist / Technologist Awards
Young Scientist Awards
Young Engineer Awards

. Special Contributions Awards

. Meritorious Technical Service Awards
Group Achievement Awards
Meritorious Service Awards

- - IommoNw>

Apart from the awards in the above categories, this
year, two new Awards were instituted; Exceptional
Service Award and Meritorious Technical Support
Award.

A. Homi Bhabha Science & Technology Award
carries a Cash award of Rs 5 Lakh, a Citation and a
Medal. There were Nine award winners: Seven from
BARC, One from RRCAT and One from NFC. Following
were the award winners from BARC:

1. Dr. Santosh Kumar Sandur, SO/G, RB&HSD,
BSG, BARC.

Awarded for his innovative research contributions in
Radiation biology leading to development of radio
protective and chemo-therapeutic agents.

He has discovered several effective anti-inflammatory
phytochemicals with reduced side effects. Two most
important formulations developed by Dr. Santosh
Kumar are based on chlorophyllin and a lectin. He
has also discovered the immune-suppressive and
anti-inflammatory molecules from medicinal plants
and synthetic sources and tested them in preclinical
experimental models.

ate {
i

Dr. Santosh Kumar Sandur receiving the Homi
Bhabha Science & Technology Award from Shri B.
Bhattacharjee, Chief Guest and Former Director,
BARC

2. Dr. A.C. Bhasikuttan, SO/H, RPCD, CG, BARC
Awarded  for his contributions in the field of
“Supramolecular ~ Photochemistry  and
resolved Spectroscopy”. He has made significant

Time

contributions in the frontier areas of Chemical
Sciences by establishing the construction/application
of novel supramolecular and biomolecular assemblies
potential as anticancer agents, targeted drug delivery,
on-off sensors, nanocapsules and other molecular
architectures. One of his notable findings has been
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on the demonstration of a fluorogenic molecule,
which promptly induces and selectively detects
G-quadruplex structures amidst other regular DNA
forms.

Dr. A.C. Bhasikuttan receiving the Homi Bhabha
Science & Technology Award from Shri B.
Bhattacharjee, Chief Guest and Former Director,
BARC

3. Shri Sanjay Malhotra, SO/H+, CnID, E&IG,
BARC

Awarded for his contributions
of  "Electromagnetic  Design
Technology”. He made outstanding contributions in
the field of Electromagnetic design and accelerator
technology for various projects of DAE. Main
contribution include Development of permanent
magnets based focusing quadrupoles for the 20 MeV
DTL for LEHIPA. Developed high field superconducting
and normal conducting magnets for corrosion studies

in the field
and  Accelerator

on structural steels for blanket module for ITER.

Shri Sanjay Malhotra, receiving the Homi Bhabha

Science & Technology Award from Shri B.
Bhattacharjee, Chief Guest and Former Director,
BARC

BARC Celebrates Founder’s Day BARC NEWSLETTER

4. Dr. D. Bhattacharyya, SO/G, A&MPD, PG,
BARC

Awarded
“Synchrotron beamline development and utilization
and Thin Film Multilayer devices”. Has made significant
contribution in development of the Energy Scanning
EXAFS beamline at INDUS-2 Synchrotron source
at RRCAT. Also contributed significantly towards
fabrication of thin film multilayer structures for
device applications. This development has significant

for his contributions in the field of

commercial implications also.

Dr. D. Bhattacharyya receiving the Homi Bhabha
Science & Technology Award from Shri B.
Bhattacharjee, Chief Guest and Former Director,
BARC

5. Shri Ayekpam lIbungohal, SO/F, PRPD, RPG,
BARC
Awarded
“Indigenization and
Control systems of compact LWRs”. He has made
outstanding contribution in indigenization of various
electronic cards of Secondary Plant Control System
with innovative designs addressing the problems
of obsolescence, heat generation, compactness
and reliability. He has solved EMI/EMC problems in
NIS systems and addressed reliability issues in other
Control Systems during commissioning and First
Approach to Criticality of Project B.

for his contributions in the field of

rectification of Electronic
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Shri Ayekpam
Bhabha Science & Technology Award from Shri B.
Bhattacharjee, Chief Guest and Former Director,
BARC

Ibungohal receiving the Homi

6. Dr. Aruna Kumar Nayak, SO/H+, RED, RD&DG,
BARC

Awarded for his contributions in the field of “Nuclear
Reactor Thermal Hydraulics and Safety”. He has
designed several passive systems of AHWR from
concept to detailed design and their verifications
and validations so as to ensure that the reactor has
sufficient margins for stable natural circulation during
normal operational transients and adequate safety
margins even under extreme events like Fukushima.
Development of "APSRA" methodology & The AHWR
core catcher design towards mitigating core melt
down accidents. Recent invention is on the potential

applications of nanofluids in water cooled reactors.

Dr. Aruna Kumar

Nayak
Bhabha Science & Technology Award from Shri B.
Bhattacharjee, Chief Guest and Former Director,
BARC

receiving the Homi
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7. Shri Vivek Bhasin, OS, RSD, RD&DG, BARC
Awarded for his outstanding contributions in the field
of “Design and structural integrity, fitness-for-service
assessment of components/structures of key reactor
core and primary pressure boundary components
of several Nuclear Power Plants in India and several
nuclear facilities of BARC”. Assessment of realistic
safety margin, design modification, life assessment
and assurance of continued safe operation for old/
operating NPPs. These activities have resulted in
assurance of design qualification and requisite safety
margins for new plants. He has developed several
new in experimental & computational techniques
and analysis procedures for accurate stress/strain
assessment in house.

Shri Vivek Bhasin receiving the Homi Bhabha

Science & Technology Award from Shri B.
Bhattacharjee, Chief Guest and Former Director,
BARC

B. Exceptional Service Award carries a Cash award
of Rs 5 Lakhs, a Citation & a Medal.

Dr. Satish Chander Gupta, DS MRG, BARC,
was the only recipient of this Award. Awarded for
his excellent contributions in the field of “Research
and Developments for Physics of Condensed Matter
Under High Shock Compressions”.

His contribution includes: Setting up of a
comprehensive facility for shock wave research
state-of-the-art

comprising  various

Developed

techniques.

excellent  theoretical capability for
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predicting the response of materials under high
pressures. Built an extensive capability for computer
simulation of the phenomenology of the underground
nuclear explosions. Commissioned a neutron based
hull monitoring system at reprocessing plant at NRB.

C. Scientific & Technical Excellence Award carries

a Cash award of Rs 1 Lakh, a Citation and a Medal.

There were Twenty Five award winners: Nineteen

from BARC Two each from IGCAR and VECC, One

each from RRCAT and BRIT. Following were the award

winners from BARC:

1. Dr. KR.S. Chandrakumar, SO/F TCS, CG, BARC

2. Dr. Ashok Kumar Verma , SO/F HP&SRPD, PG,

BARC

Shri Shyam Rao Ghodke, SO/F, APPD, BTDG, BARC

Dr. S.R. Shimijith, SO/G, RCnD, E&IG, BARC

Dr. Kondayya Gundra SO/F, ThPD, MRG, BARC

Shri Abhishant, SO/F, NRPSED, NRB, BARC

Shri V. Nataraju, SO/H, TPD, PG, BARC

Dr. Rahul Tripathi, SO/F, RCD, RC&IG, BARC

Dr. (Smt.) Susan Cherian, SO/G, ChD, CG, BARC

0. Dr. Srikumar Ghorui, SO/G, L&PTD, BTDG, BARC

1. Shri Sony Bordoloi, SO/G and Shri PV.

Sarngadharan, SO/G DRHR, DM&AG, BARC

12. Shri Kamal N. Karn, SO/H, CDM, DM&AG, BARC

13. Dr.(Smt.) Mary Alex, SO/F, ED, E&IG, BARC

14. Dr. (Smt.) Madhumita Goswami, SO/F, G&AMD,
MG, BARC

15. Shri Radhe Shyam Prasad, SO/G, ED&DD, MRG,
BARC

16. Shri Suneel Gattu, SO/E, KBNRP&C, NRB, BARC

17. Smt. Madhuri Anil Shetty, SO/F, FRD, NRG, BARC

18. Shri Prasanna Majumdar, SO/G, RSD, RD&DG,
BARC

19. Shri Samiran Sengupta, SO/H, RRDPD, RG, BARC

o 200N U kWw

D. Young Applied Scientist / Technologist Award
carries a Cash award of Rs 50,000/-, a Citation and a
Medal. There were Seven award winners: Five from
BARC and Two from IGCAR. Following were the
award winners from BARC:

1. Dr. Mohit Tyagi,SO/E, TPD,PG,BARC
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2. Dr. Sujoy Biswas, SO/E, UED, ChEG, BARC

3. Smt. Kumud Singh, SO/E, CnID, E&IG, BARC

4. Shri Pritam Prakash Shete, SO/E, Computer, E&IG,
BARC

5. Shri Ram Avtar Jat, SO/E, PDD, RC&IG, BARC

E. Young Scientist Award carries a Cash award of Rs
50,000/-, a Citation and a Medal. There were Eleven
award winners: Nine from BARC, One from VECC and
One from IGCAR. Following were the award winners
from BARC

1. Dr. Rubel Chakravarty, SO/E, IP&AD, RC&IG, BARC
2. Dr. Mahesh Sundararajan, SO/D, TCS, CG, BARC
3. Dr. Srinivasu Kancharlapalli, SO/E, TCS, CG, BARC
4. Dr. Atindra Mohan Banerjee,SO/E, Chemistry, CG,
BARC

5. Dr. Prakash C Rout,SO/E, NPD, PG, BARC

6. Dr. Soumyaditya Mula, SO/E, BOD, BSG, BARC
7. Dr. Vineet Kumar, SO/E, NPD, PG, BARC

8. Dr. Sandeep Kumar Sharma SO/E, RCD, RC&IG,

BARC
9. Dr. Yogendra Singh Rajpurohit, SO/E, MBD, BSG,
BARC

F. Young Engineer Award carries a Cash award
of Rs 50,000/-, Citation and a Medal. There were
eighteen award winners: Thirteen from BARC, Four
from IGCAR and One from RRCAT. Following were the
award winners from BARC:

. Ms. Ramnik Singh,SO/D, CDM, DM&AG, BARC
2. Smt. Jilju Ratheesh V., TO/C, NXPF, PG, BARC
3. Shri Gangadhar Huddar SO/E, NRPSD&SA, NRB,
BARC
. Shri Rajib Das, SO/E, RPD, RPG, BARC
5. Shri Piush Purohit, SO/E, AFFF, Tarapur, NFG, BARC
Shri Sandeep Kumar Singh, SO/E, APPD, BTDG,
BARC
7. ShriR. Vignesh, SO/D, PO&M(M), ChTG, BARC
8. Shri Gurpartap Singh, SO/E, DRHR, DM&AG,
BARC
9. Shri Saurabh Kumar Neema, SO/E, ED, E&IG,
BARC
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10.

"

12.

13.

G.

Shri Harsh Hemani, SO/D, CAD, MRG, BARC

. Shri Hrishikesh Chatterjee, SO/E, RTD, RD&DG,

BARC

Smt. Argala Srivastava, SO/E, RPDD, RD&DG,
BARC

Shri Ritesh K. Bagul, SO/E, RED, RD&DG, BARC

Special Contributions Award carries a cash

award of upto Rs. 50,000/-, a Citation and a Medal.
There were Eighty award winners. Seventy Eight were
from BARC and Two from DAE. Following were the
award winners from BARC:

Shri M.V.R. Srikanth, SO/F, KARP, NRB, BARC

Shri S. Ramasubramanian, SO/G, TRP, NRB, BARC
Shri Jaikaran, SO/F, TRP, NRB, BARC

Dr. C.B. Patil, SO/F, TRP, NRB, BARC

Shri Hemant Kumar, SO/E, TRP, NRB, BARC

Shri J. Udhayakumar, SO/F, IP&AD, RC&IG, BARC
Shri L.B. Pable, F/C, FCD, RC&IG, BARC

Dr. K.V. Lohithakshan, SO/F, FCD, RC&IG, BARC
Dr.J.V. Dehadrai, SO/G, FCD, RC&IG, BARC

. Shri B.N. Kaul, SA/C, PDD, RC&IG, BARC

. Smt. Yogita S. Gawde, SA/D, PDD, RC&IG, BARC
. Shri A.B. Koli, Sr.T/H, PDD, RC&IG, BARC

. Shri R.S. Kamble, WA/C, PDD, RC&IG, BARC

. Shri R. L. Pasi, WA/B, PDD, RC&IG, BARC

. Shri R.M. Ghodke, T/F, PDD, RC&IG, BARC

. Shri P. Ginishkumar, SO/D, PDD, RC&IG, BARC

. Shri S.P. Roy, SO/SB, PDD, RC&IG, BARC

. Shri M.R. Chavan, Dr.Gr.l, NRB, BARC

. Shri T.K. Saha, SO/G, L&PTD, BTDG, BARC

. Shri V. Jha, SO/E, HPD, HS&EG, BARC

. Shri P. Menon, SO/F, PRPD, RPG, BARC

. Shri Switra Raj Vashishta, SO/G, PRPD, RPG, BARC
. Shri Ankan Roy, SO/F, PRPD, RPG, BARC

. Shri B. Srinivasan, SO/F, PRPD, RPG, BARC

. Shri H.K. Saini, SO/F, PRPD, RPG, BARC

. Shri R.E. Katkar, Dr.Gr.Il, Director’s Office, BARC

. Shri G.M. Hebale, Sr.T/F, CDM, DM&AG, BARC

. Shri R.N. Patil, Sr.T/H, CDM, DM&AG, BARC

. Shri Rahul K. Chaudhary, SO/C, RP&AD, HS&EG,

30.
31.

32.

33.
34.

35.
36.
37.
38.
39.

40.
41.
42.
43.

44,
45,
46.
47.

48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
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Shri Mahesh Tiwari, SO/D, EMAS, HS&EG, BARC
Shri Ajay Kumar Chikara, SA/D, RSSD, HS&EG,
BARC

Shri Lalit Kumar Vajpyee, SA/D, RSSD, HS&EG,
BARC

Shri PR. Ninawe, SA/C, RSSD, HS&EG, BARC

Shri Govinda Mukherjee, SA/D, RSSD, HS&EG,
BARC

Shri K.B. Shirsath, SA/D, RP&AD, HS&EG, BARC
Shri Nitin R. Kakade, SO/C, RP&AD, HS&EG, BARC
Shri Sridhar Sahoo, SO/E, RP&AD, HS&EG, BARC
Shri R.H. Chilkulwar, SO/D, RP&AD, HS&EG, BARC
Shri R.S. Vishwakarma, SO/D, RP&AD, HS&EG,
BARC

Shri V.K. Thakur, SA/C, RP&AD, HS&EG, BARC
Shri M.J. Sonavane, SA/E, FRD, NRG, BARC

Shri Vikas, SA/D, RSSD, HS&EG, BARC

Shri Devi Prasad Mishra, SA/D, RSSD, HS&EG,
BARC

Shri Anoj Kumar, TO/B, RSSD, HS&EG, BARC

Shri S.B. Deshpande, SA/D, RSSD, HS&EG, BARC
Shri Sunil K. Singh, SO/E, RP&AD, HS&EG, BARC
Shri Suman Lal, SO/D, TWMP, Strategic Group,
BARC

Dr. Santosh H. Shinde, SO/C, RP&AD, HS&EG,
BARC

Shri Sandip Mondal, SO/E, RP&AD, HS&EG, BARC
Shri K.K. Singh, SA/F, HPD, HS&EG, BARC

Shri H.D. Badgujar, SA/D, MFD, NFG, BARC

Shri R.N. Pujari, SA/F, RSSD, HS&EG, BARC

Shri Anil Ravindra Khot, SO/C, HPD, HS&EG, BARC
Shri Prasad Sajin, SO/C, RSSD, HS&EG, BARC

Shri M.K. Kamble, SA/D, IHSS, HS&EG, BARC
Shri A.R. Mhatre, SA/E, FRD, NRG, BARC

Shri Anil M. Gupta, SA/D, HPD, HS&EG, BARC
Shri P. Krishnakumar, SA/E, RSSD, HS&EG, BARC
Shri S.A. Yadav, SO/D, RSSD, HS&EG, BARC

Shri Jagdish K. Divkar, SO/C, RSSD, HS&EG, BARC
Shri V.J. Pawar, SA/E, RSSD, HS&EG, BARC

Shri S.L. Patil, SA/D, RSSD, HS&EG, BARC

Shri M.P. Jayan, SA/E, RSSD, HS&EG, BARC

Shri Dinesh K. Patre, SA/E, RSSD, HS&EG, BARC
Shri PS. Sorte, SA/D, RSSD, HS&EG, BARC



66. Shri R.R. Bhingare, SO/D, RP&AD, HS&EG, BARC

67. Shri Mridulendu Pandey, SO/C, HPD, HS&EG,
BARC

68. Shri Praveen Dubey, SO/C, IHSS, HS&EG, BARC

69. Shri S.S. Deolekar, SO/C, BSCS, Strategic Group,
BARC

70. Shri J.D. Sharma, SO/E, IHSS, HS&EG, BARC

71. Shri M.T. Valvi, SA/D, RSSD, HS&EG, BARC

72. Shri M.V.R. Narsaiah, SO/C, RSSD, HS&SG, BARC

73. Shri D.G. Mishra, SA/E, HPD, HS&EG, BARC

74. Shri Kamlesh, SAJE, HPD, HS&EG, BARC

75. Shri M.T. Saify, SO/F, AFD, NFG, BARC

76. Shri D.B. Sathe, SO/G, AFFF, Tarapur, NFG, BARC

77. Shri AJ. Mane, F/B, AFD, NFG, BARC

78. Shri R.K. Singh, F/C, MFD, NFG, BARC

H. Meritorious Technical Service Award carries
a Cash award of Rs 20,000/-, Citation and a Medal.
There were Twenty Eight award winners; Eighteen
from BARC, Four each IGCAR and RRCAT and One
each from Kalpakkam and VECC.

Shri K.S. Munankar, Sr.T/J, RB&HSD, BMG, BARC

Shri P.S. Adhikari, SA/E, N&XPF PG, BARC

Shri Ajaj Husain, SAVE, TSD, ESG, BARC

Shri Suryakant N. Mahajan, Sr.T/H, RSSD, HS&EG,

BARC

Shri PA. Bhaskaran, F/C, PRPD, RPG, BARC

. Shri AJ. Almeida, Sr.T/J, L&PTD, BTDG, BARC

7. Shri Mohan Singh Dhapola, Sr.T/H, CDM,
DM&AG, BARC

8. Shri Manohar Lal, T/G, CED, ESG, BARC

9. Shri S.P. Mhatre, F/C, MPD, MG, BARC

10. Shri B.S. Nair, F/D, PMD, MG, BARC

11. Shri U.R. Ram, Sr.T/H, Cryo-Tech.Div. , MRG, BARC

12. Shri G.S. Nagrale, SA/E, TRP, NRB, BARC

13. Shri Clement Ambrose, F/B, TRP, NRB, BARC

14. Shri K. Venkatasubramanian, F/C, FRD, NRG,
BARC

15. Shri S.B. Sharma, T/H, MD&PDD, PG, BARC

16. Shri R.R. Dahivalkar, Sr.T/H, RRMD, RG, BARC

17. Shri K.S. More, Sr.T/J, AFFF/Tarapur, NFG, BARC

18. Shri M. Sivadasan, F/B, Conversion Facility, RMP/

BARC

A wnN =

o u

BARC Celebrates Founder’s Day BARC NEWSLETTER

I. Group Achievement Award winners received
a medal, a Citation and suitable cash awards for
each group commensurate with the group size and
its overall achievement. A total number of Forty
Two Groups received these awards. Out of these,
Twenty Five (plus one jointly with IGCAR) were from
BARC, Five from IGCAR, Four from RRCAT, Two each
from HWB and VECC and One each from NFC, DAE
Secretariat, AMD and BRIT.

Following were the Group Leaders from BARC, who
received the awards for their groups:

1. Smt. Shailaja Prakasam, DEO, Admn. Group,
BARC

2. Shri K. Srinivas, Head, CED, ESG, BARC &
Shri R.K. Mishra, SO/F, FRD, NRG, BARC.

3. Dr. SJ. Jambhulkar, SO/G, & Dr. P. K. Mukherjee,

SO/G, NA&BTD, BSG, BARC

Shri R.P. Hans, SO/H, BSCS, BSC, BARC

Dr. B.N. Jagatap, DS & Director, Chem. Gr., BARC.

Shri S.K. Gupta, SO/F, UED, ChEG, BARC.

Shri A. Shriniwas Rao, Head, MDS, ChTD/ChTG,

BARC.

8. Shri K.C. Guha, OS & Project Manager (PO&M),
ChTG, BARC, Mysuru.

9. Shri AK. Sinha, OS, Head, CDM, DM&AG &
Shri K.K. Abdulla, OS & Ex-Head, AFD, NFG, BARC.

10. Shri R.C. Sharma, Director, RG,BARC & Shri K.N.
Vyas, A.D., RPG, BARC.

11. Shri A.K. Sinha, OS, Head, CDM, DM&AG, BARC.

12. Dr. Raj Mangal Tripathi, SO/H+, Head, HPD/
HS&EG, BARC & Dr. R.B. Oza, SO/G, RSSD,HS&EG
BARC

13. Shri P. Chaudhury, SO/G, Head, RMS&MS, RSSD,
HS&EG, BARC & Dr (Kum) Pramilla Damodar
Sawant, SO/G, RSSD, HS&EG, BARC.

14. Dr. J. K. Chakravartty, OS, Director, MG, BARC.

15. Dr. Satish C. Gupta, Assoc. Director, MRG, BARC.

16. Shri P. Nagaraju, SO/H+, Head, HLU&ESS, NFG,
BARC.

17. Shri Sunil Gulati, SO/F, Suptd (Op), TRP. NRB,
BARC/Tarapur.

N o vk
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18. Shri I. Vishwaraj, Plant Supdt., TWMP, TNRPO,
NRB, BARC.

19. ShriR. S. Soni, Former Head, TDD, NRG, BARC &

Shri N. J. Shukla, Foreman/C, FRD, NRG, BARC.

20. Dr. Amar Sinha, OS & Head, NXPD, PG, BARC.

21. Dr. N.K. Sahoo, OS, & Head, A&MPD, PG, BARC.

22. Dr. Ashutosh Dash, Head, IP&AD, BARC. &

Dr. Sharmila Banerjee, Head, RPhCS, RC&IG, BARC.

23. Shri R. J. Patel, DS & Head, RTD, RD&DG, BARC &
Shri S. Raghupathy, SO/H+, Head, CH&MD/RDG,
IGCAR.

24. Shri B.S.V.G. Sharma, OS, Head TT&CD, BARC &

Dr. AK. Nayak, Head, ThHS, RED, RD&DG, BARC

25. Dr. M.G.R. Rajan (OS) & Head, RMC, BARC.

26. Shri K.V. Ravi, OS, Head, PRPD, RPG, BARC
Facilities

J. Meritorious Service Award carries a cash prize
of Rs. 20,000/-, a citation and a medal. There were
Thirty one Award winners. Twenty five were from
BARC, Two from IGCAR and each from DAE, RRCAT,
VECC and AMD. Following were the award winners
from BARC:

Shri Kishorilal Rana, Dr.Gr.I, RC&IG, BARC
Smt. N. Lakshmi, AAO, AD,Adm., BARC
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Analytical approaches in optimization of design of
Electrical system of INRP Project at Tarapur

H. Mishra
Engineering Services Group

Sekhar Basu
Deparment of Atomic Energy

and
C.V. Raman and M. Kushwah

Integrated Nuclear Recycle Plant Reprocessing Design,
Nuclear Reclycle Board

Abstract

Integrated Nuclear Recycle Plant (INRP) will be the first integrated nuclear fuel recycle facility where spent fuel
storage, reprocessing, waste management plants & waste storage will be integrated into a single entity by
locating all the civil structures in a single campus. Electrical power system of the plant comprises of various
normal, emergency & un-interruptible power supplies in line with the existing nuclear recycle plants & the safety
guide lines for such radio chemical facility. The power supply systems are significantly large and spread over
length & breadth of the plant area. A large number of transformers and associated switch gear & cabling systems
are envisaged for development of the power system network. In order to arrive at an optimum design solution,
a number of technically feasible options for 6.6 kV and 415V power distribution network were analysed and
compared techno economically.

This paper covers the analytical approaches adopted in design of such electrical systems of INRP Project at
Tarapur. It involves Load Flow Study and Short Circuit Analysis using ETAP software as well as manual calculation
of Steady State and Transient Voltage Dip. Load-flow study was performed to determine the steady-state
operation of an electric power system. The voltage drop on each feeder, the voltage level at each bus, and the
power flow in all branches and feeder circuits were calculated. It was determined if system voltages remain
within specified limits under various contingency conditions, and whether equipment such as transformers and
cables are protected against overload. Load-flow study was used to identify the need for additional active Power,
capacitive, or inductive VAR support, or the placement of capacitors and/or reactors to maintain system voltages
within specified limits. Prospective losses in each branch and total system power losses were also calculated. The
short circuit study models the current that flows in the power system under abnormal conditions of all types
of three phase short circuit faults and determines the prospective fault current in an electrical power system at
various buses. The short circuit study was performed for both the typical and worst case scenarios.

RAMI analysis will be carried out for power distribution system for checking reliability, availability, maintainability
and inspectability aspects of the system. The RAMI approach consists of four main steps: (1) performing function
analysis; (2) analyzing initial failure modes, effects and criticality; (3) initiating risk mitigation actions to ensure
compatibility with RAMI objectives; (4) integrating as RAMI requirements.

Keywords

ETAP, Load Flow, Short Circuit Analysis, Steady State, Transient Voltage, RAMI Analysis.
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Introduction

INRP will be the first integrated nuclear fuel recycle
facility where spent fuel storage, reprocessing, waste
management plants & waste storage will be integrated
into a single entity by locating all the civil structures
in a single campus with suitable connectivity between
them.

Several common blocks like Utility blocks, Block
106, Block 103, Exhaust Air Blocks (108A/B/C/D),
Supply fan blocks, Electrical block (132), DG blocks
(119 A/B) & Block 115, stores, Main Control Room
(Block 101) etc. will cater to the needs of both
reprocessing as well as waste management process
& storage systems. O & M (Operation & Maintenance)
personnel and administrative machinery will also
serve to both the above mentioned systems.

The plant is designed to process spent fuel received
from PHWRs (Pressurized Heavy Water Reactors) with
an objective to recover Plutonium (Pu) and Uranium
(U) meeting the required product specifications. The
plant’s design capacity is 600 tonnes of Heavy Metal
(HM) per annum. The plant is under construction on
a plot near to TAPS 3 & 4, Tarapur, having width of
658 m at one side & 454 m at other side and length
of 558 m for this project.

The plant is functionally divided into various blocks.
Electrical system for project INRP comprises of Class
IV, Class llI, Class Il and Class | power supply systems
for the various utility and process loads of the facility.
Class IV and Class Ill power supplies for various blocks
are provided from Electrical Block (132) and DG
Blocks (119A/B).

Class IV Mains power supply for INRP project, Tarapur
will be received through two (2) independent 33 kV
underground feeders from nearby source i.e. 33 kV
indoor substation to be located within TAPS 1 and 2
Switchyard, to Electrical Block. Mains Power at 33 kV
level will be stepped down to 6.6 kV level in Electrical
block by installing 2 nos. 20/ 25 MVA outdoor oil-
cooled transformers. Power at 6.6 kV level will be
distributed to MV load centres i.e. Compressed
air Plant, Chiller Plant etc. and also to DG block

BARC NEWSLETTER Research Article

(119A), as well as to other load distribution centres
viz., Substations at Supply Fan Block 1 (107A) & 2
(107B) etc. 6.6 kV feeders in DG block are proposed
to be multiplied & extended to other two load
distribution centres viz. Exhaust Air Block-4 (108D) &
UOF Block (122). 6.6/0.433 KV, 2.5 MVA indoor dry
type transformers are planned in blocks 132, 107A,
107B, 119A, 108D & 122 for catering to the entire
class-1V load requirements of various blocks of INRP.
Localised Class-Il and Class-I power supply systems
are proposed to be located in each of the blocks 132,
121A/B, 101, 102A/B, 105, 106, 110, 111, 113, 114,
119A, 122, 147.

Simultaneous maximum demands for class IV, class
I, class Il distribution systems are as follows:

Class IV Maximum demand: 16 MVA.
Class Il Maximum demand: 5 MVA.
Class I Maximum demand: 500 kVA.

The power supply systems are significantly large
and spread over length & breadth of the plant area.
A large number of transformers and associated
switch gear & cabling systems are envisaged for
development of the power system network. In order
to arrive at an optimum design solution, a number
of technically feasible options for 6.6 kV and 415V
power distribution network were analysed and
compared techno economically.

Short circuit analysis, Load flow study and transient
voltage analysis have been carried out. RAMI analysis
is in progress.

Objectives

These studies have been carried out to find out

the best location and optimum capacity for the

transformers, switchgears & cable feeders, to ensure:

e High reliability, availability  and
maintainability of power supply.

e Steady state and transient voltage drops within
limits as per Indian Electricity Rules.

e Optimum rating and capacity utilization of
equipments viz. transformers, switchgears, cables

safety,

etc.
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*  Minimal distribution losses.

e Reduced cable & cable tray lengths and cable
sizes resulting in substantial savings & ease of
cable laying.

e Optimum capital and running cost.

Power distribution network options analyzed:

To achieve the above objectives and to arrive at the
optimum solution, a number of technically feasible
options for 6.6 kV and 415V power distribution have
been compared technically. Following comparative
studies were carried out for:

e Two technically feasible options for 6.6 kV
distribution.

e Eight technically feasible options for 415V
distribution.

- Comparison of Steady state voltage drops.
- Comparison of Transient voltage dips.

—  Comparison of ohmic losses.

—  Comparison of cable sizes.

—  Cost analysis for Cables & cable trays.

The schemes for 6.6 kV and 415V power distribution
were selected after comparison of the above
parameters and arriving at an optimum solution, as
detailed below.

Case I: Comparisons of the two options for 6.6
kV power distribution:

Class IV

power
33 kv/6.6 kV, distribution at
in Electrical| 6.6 kV level
block. from
Electrical

Block.

Option-1
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Class IV

power
distribution at
in Electrical s
block. Electrical

Block, DG
~ Block

Option-2

Cable and cable tray lengths were more in Option 1
of 6.6 kV Power Distribution Scheme. Also, laying
of cables over service rack would have become very
cumbersome.

Difference in cost estimates for Option 1 and Option
2 (for 6.6 kV power distribution) = 2.01Cr

Considering the above, it was found that Option 2 is
better for 6.6 kV Power distribution from technical as
well as commercial point of view.

Case ll: Comparison of the eight options for
415V power distribution:

16 nos. of 6.6 kV/433V, 2.5 MVA transformers
located at three load centres viz. Electrical block, DG
block, UOF block in Option 1.

16 nos. of 6.6 kV/433V, 2.5 MVA transformers
located at five load centres viz. Electrical block, DG
block, Admin block, Training Centre block, UOF block
in Option 2.

18 nos. of 6.6 kV/433V, 2.5 MVA transformers located
at four load centres viz. Electrical block, DG block, SA
fan-1 block, SA fan-2 block in Option 3.

16 nos. of 6.6 kV/433V, 2.5 MVA transformers
located at four load centres viz. Electrical block, DG
block, Admin block, UOF block in Option 4.

18 nos. of 6.6 kV/433V, 2.5 MVA transformers
located at four load centres viz. Electrical block, DG
block, Training Centre, UOF block in Option 5.

18 nos. of 6.6 kV/433V, 2.5 MVA transformers
located at three load centres viz. Electrical block, DG
block, UOF block in Option 6.
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Fig. 1: Photograph of Electrical Block (132)

18 nos. of 6.6 kV/433V, 2.5 MVA transformers
located at three load centres viz. Electrical block, DG
block, SA fan-2 block in Option 7.

16 nos. of 6.6 kV/433V, 2.5 MVA transformers
located at six load centres viz. Electrical block, DG
block, SA fan-1 block, SA fan-2 block, Block 122, EA
fan-4 block in Option 8. (DG Block is having 6 nos.
transformers, out of which 4nos. are dedicated for
Class-Ill System). The layout of selected option 8 of
LV distribution scheme is shown as annexure 1. The
photograph of newly constructed Electrical Block is
shown in Fig. 1

Load Flow Study

Load flow studies are one of the most important aspects
of power system planning and operation. The load
flow gives us the sinusoidal steady state of the entire
system viz. voltages, real and reactive power generated
and absorbed and line losses. Since the load is a
static quantity and it is the power that flows through
transmission lines, the purists prefer to call this Power
Flow studies rather than load flow studies. We shall
however stick to the original nomenclature of load flow.

Through the load flow studies, we can obtain
the voltage magnitudes and angles at each bus
in the steady state. This is rather important as the
magnitudes of the bus voltages are required to be
held within a specified limit. Once the bus voltage

magnitudes and their angles are computed using the
load flow, the real and reactive power flow through
each line can be computed. Also based on the
difference between power flow in the sending and
receiving ends, the losses in a particular line can also
be computed. Furthermore, from the line flow, we can
also determine the over and under load conditions.

The steady state power and reactive power supplied
by a bus in a power network are expressed in terms
of nonlinear algebraic equations. We have therefore
adopted iterative methods for solving these equations.

Methods:

Newton-Raphson solution method: This method
begins with initial guesses of all unknown variables
(voltage magnitude and angles at load buses and
voltage angles at generator buses). Next, a Taylor
Series is written, with the higher order terms ignored,
for each of the power balance equations included in
the system of equations. The result is a linear system
of equations that can be expressed as:

|23 ] -~ [35]

where AP and AQ are called the mismatch equations:
N

AP; = —P; + > V|| IV} (G cos O+ By sin 6;)
k=1

‘\f
AQ; = =0 + D |Vi| IVi| (Gi sin 8 — By cos 0;)

NOVEMBER-DECEMBER 2015 | 33



and J is a matrix of partial derivatives known as a
Jacobian:

aAP OAP.
a|V

Q OAQ
oV

The linearized system of equations is solved to
determine the next guess (m + 1) of voltage
magnitude and angles based on:

0 = 0"+ AD
[Vt = v+ AV

The process continues until a stopping condition is
met. A common stopping condition is to terminate
if the norm of the mismatch equations is below a
specified tolerance.

A rough outline of solution of the power-flow
problem is to:-

1. Make an initial guess of all unknown voltage
magnitudes and angles. It is common to use a
“flat start” in which all voltage angles are set to
zero and all voltage magnitudes are set to 1.0 p.u.

2. Solve the power balance equations using the
most recent voltage angle and magnitude values.

3. Linearize the system around the most recent
voltage angle and magnitude values.

4. Solve for the change in voltage angle and
magnitude.

5. Update the voltage magnitude and angles.
Check the stopping conditions,
terminate, else go to step 2.

if met then

Other Methods:

Gauss-Seidel method: This is the earliest devised
method. It shows slower rates of convergence
compared to other iterative methods, but it uses very
little memory and does not need to solve a matrix

system.

Fast-decoupled load-flow method: This method
is a variation on Newton-Raphson that exploits the
approximate decoupling of active and reactive flows
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in well-behaved power networks, and additionally
fixes the value of the Jacobian during the iteration in
order to avoid costly matrix decompositions. It is also
referred to as “fixed-slope, decoupled NR”. Within
the algorithm, the Jacobian matrix gets inverted only
once, and there are three assumptions. Firstly, the
conductance between the buses is zero. Secondly,
the magnitude of the bus voltage is one per unit.
Thirdly, the sine of phases between buses is zero. Fast
decoupled load flow can return the answer within
seconds whereas the Newton Raphson method takes
much longer. This is useful for real-time management
of power grids.

Holomorphic embedding load flow method:
A recently developed method based on advanced
techniques of complex analysis. It is direct and
guarantees the calculation of the correct (operative)
branch, out of the multiple solutions present in the

power flow equations.
Load flow study for INRP:

Load flow study has been carried out for planning
operation of Class-IV power systems of Integrated
Nuclear Recycle Plant (INRP) at Tarapur. Master One
Line Diagram of INRP is attached as Annexure-2.

Technical comparison of 415V power distribution
schemes is shown below. Transient voltage dip
calculation for option 8 is also attached as annexure-3.
The study is performed for the worst case scenario
when the highest rating motor at 415V bus is started.
Steady state voltage drops for various load centres for
selected option 8 of LV distribution is shown as Fig. 2.

\”ml.h 1

Outgoing cable feeders from
Load centers to individual blocks

L
o

w
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o

(X3
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% Voltage drop (steady state) —p

o
=] w
—

Fig. 2: Voltage drops during Steady state condition
(Option 8)

34 | NOVEMBER-DECEMBER 2015



BARC NEWSLETTER Research Article

Technical comparison of 415V power distribution schemes:

;Ic', Item Option 1 | Option 2 | Option 3 | Option 4 | Option 5 | Option 6 | Option 7 | Option 8
1. | Voltage drop 9.6% 6% max. |5.3% 8.1% 7.9% 9.4% 8.1% max | 2.99%
max. max. max. max. max. max
. Ohmic losses 840 kW 350 kW 260 kW 570 kw 540 kW 720 kW 500kW 200kwW
3. | Cable length 109 km 47 km 39 km 75 km 71.5km |94 km 65km 23km
4. Cable tray | 27 km 19 km 15.6 km |26 km 21.5km [23.8km |20.3km 9km
length
5. Ease of laying | Cumber Easy Easier Cumber | Cumber | Cumber Easy Easiest
of cables over | some some some some
service rack
6. Remarks Cable Cable Cable Cable Cable Cable Cable Cable
density density density density density density density density
&no.of |&no.of |&no.of |&no.of |&no. of |&no.of |&no.of [&no.of
eqpts eqpts eqpts eqpts eqpts eqpts eqpts eqpts
very high | low. low. very high | very high | very high | low. low.
leading to leading to | leading to | leading to
conges- conges- | conges- | conges-
tion tion tion tion

Considering the above, it is found that Option 8 is better for 415V Power distribution from technical as well

as commercial point of view.

Short Circuit Analysis

A balanced 3-phase fault implies that all three phases
of the power system are simultaneously short-circuited
to each other through a direct or “bolted” connection.
The other types of unbalanced short-circuit faults are
important in selecting the time-current characteristics
and settings of phase-overcurrent and ground-fault
protective devices to provide selective coordination.
This coordination assures service continuity and
minimizes damage to switchgear and load equipment.
However, unbalanced fault calculations are more
difficult to perform for industrial and commercial
power systems and require knowledge of the method

of symmetrical components.

Electrical Transient Analyser Program (ETAP)

ETAP is the most comprehensive solution for the
design, simulation, and analysis of generation,
distribution,
systems. ETAP organizes the work on a project basis.
Each project that we create provides all the necessary
tools and support for modelling and analysing an
electrical power system. A project consists of an
electrical system that requires a unique set of electrical

transmission, and industrial power

components and interconnections. In ETAP, each

project provides a set of users, user access controls,
and a separate database in which its elements and
connectivity data are stored.

Short Circuit Analysis on ETAP

In order to determine the currents resulting from
an asymmetrical fault, the values of per unit (p.u.)
zero, positive and negative sequence impedances of
transformers, generators, cables etc. are required.

Calculation Methods

Initial Symmetrical Short Circuit Current
Calculation

Initial symmetrical short-circuit current (I,") is

calculated using the following formula:

T cU,
Y \3z

where Z, is the equivalent impedance at the fault
location, c is the voltage factor and U _is the nominal
system voltage. Voltage factor c is the ratio of
equivalent voltage to nominal voltage and is used to
adjust the value of the equivalent voltage source for
minimum and maximum current calculations.
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Peak Short Circuit Current Calculation

Peak short-circuit current (i) is calculated using the
following formula:

i, =\N2kI"

where k is a function of the system R/X ratio at the
fault location.

Symmetrical Short Circuit Breaking Current
Calculation

For a far-from-generator fault, the symmetrical short
circuit breaking current (Ip) is equal to the initial
symmetrical short circuit current.

]b = [k”

For a near-to-generator fault, I, is obtained by

combining contributions from each individual

machine. |, for different types of machines is

calculated using the following formula:

for synchronous machines

/= {P’] ¢
b for asynchronous machines

#q‘{k”

where 1 and q are factors that account for AC decay.
They are functions of the minimum time delay and
the ratio of the machine initial short circuit current
to its rated current, as well as real power per pair of
poles of asynchronous machines.

I[EC Standards allow you to include or exclude AC
decay effect from asynchronous machines in the
calculation.

Steady-State Short circuit current Calculation

Steady-state short circuit current I, is a combination
of contributions from synchronous generators and
power grid. I, for each synchronous generator is
calculated using the following formula:

] kmax — 1'ma:( L’G
1 kmax Armin ]r(;'
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where A is a function of a generator excitation
voltage, ratio between its initial symmetrical short
circuit current and rated current, other generator
parameters, and |, is the generator rated current.

The steady-state short circuit current calculated is
dependent on the option selected for Short circuit
current in the study case. If the Max and User-Defined
¢ Factor is selected, the maximum steady-state
short circuit current is reported. If the Min option
is selected, the minimum steady-state short circuit
current is reported.

This maximum steady-state short circuit current is
used to determine minimum device ratings. The
minimum steady-state short circuit value is used
for relay coordination purposes in preventing the
occurrence of nuisance trips and loading deviations.

Inputs

*  Main One Line Diagram.

e Fault level at 33 kV bus is considered as 1500
MVA and the 33 kV bus has been considered in
swing mode.

Basis/Methodology

e The Power System has been Modelled Using ETAP
PowerStation Software, ver. 11.0.0.

e ETAP program calculations are in compliance
with latest edition of IEC standards.

* Nodes are generated by ETAP software while

impedances, e.g. between

transformer impedance and cable impedance.

connecting two

e The nomenclatures of the buses have been decided
based on the block to which they are feeding.

Short Circuit Analysis for INRP

Short circuit analysis has been carried out to confirm
that, during symmetrical and asymmetrical fault,
the fault current should not exceed the anticipated
maximum fault level. Short circuit analysis has been
carried out at 33kV, 6.6kV and 415V buses. All these
buses are connected by utility 33 kV connections




through transformers to the switchgear. The short
circuit level at faulted buses are found, which help in
selecting the circuit breaker. ETAP Short Circuit Case
study results are attached as Annexure-4.

Conclusion

The selected options for MV and LV distribution
(Option 2 for MV distribution and option 8 for LV
distribution) have resulted in significant reduction of
cabling with cable racks (86 km reduction in cabling),
substantial savings of about 20 Crores on account
of cabling & cable racks (on comparison with option
1 for MV and LV distribution), and also in energy
conservation. Further on account of reduction in
cable power losses, energy savings of the order of
Rs. 5 Crores is achieved per year. All transformer
installations in blocks 107A/B, 108D and 122 will
be unmanned and monitored remotely through
Electrical SCADA and CCTV. SCADA and CCTV
controls are proposed to be provided in blocks 132
and 119A, which will be manned substations. View
stations are also provided in Main control room and
Utility control room.

Short circuit analysis has been carried out at 33kV,
6.6kV and 415V buses. The short circuit level at
faulted buses are found, which help in selecting the
circuit breaker. Fault at 415V Class lll EPCC-A1 bus
has highest fault level with DG breaker closed and
tie line breaker closed. L-L-G fault has the highest
contribution level in all of the cases considered
in comparison to all other asymmetrical faults. It
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is ensured that short circuit fault current duties
are in compliance with the latest editions of the
ANSI/IEEE Standards (C37 series) and IEC Standards
(IEC 60909 and others). RAMI analysis will be
carried out for power distribution system for
checking reliability, availability, maintainability and
inspectability aspects of the system.
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Annexure-3: Transient Voltage Drop Calculation for Option 8 of LV distribution

For NPCC-A in Supply air fan Block-107A:
1. Input Data

1.1 Rated voltage = 415V
Fault MVA = 31.35MVA (Fault MVA at 415V level is calculated by considering a fault
level of 1500MVA at 33 kV level at the source end i.e. TAPS 1&2 Switchyard).

1.2 Rating of highest motor (i.e. Supply air fan) connected to NPMCC in
Supply Air Fan Room-1(107-A) = 110 kW
Motor Full load current = 189A

1.3 Total running load on NPCC-A with highest motor running = 2.117 MVA
1.4 Total running load on NPCC -A without highest motor = 1.9795 MVA.

1.5 Cable from NPCC-A in Supply Air Fan (107-A) to proposed NMCC-A in Supply Air Fan Room-1(107-A)
Size = 3Cx 400 sg. mm 1.1 kV Al XLPE cable.
Length of cable = 9 mtr.
No. of runs = 6
Resistance of Cable = 0.100 ohm/km (at 90°C)
Reactance of Cable = 0.0704 ohm/km
Impedance of Cable = 0.12229 ohm/km
Total impedance of cable = 0.000183 ohm

1.6 Cable from proposed NMCC-A to Supply air fan motor
Size of cable = 1x3x 120sq. mm. 1.1kV Al XLPE cable.
Length of cable = 45mtr.

No. of runs = 1

Resistance of cable = 0.324 ohm/km (at 90°C)
Reactance of cable = 0.0712 ohm/km
Impedance of cable = 0.3317 ohm/km

Total impedance of cable = 0.01493 ohm

1.7 For bus duct from Transformer to NPCC in Supply Air Fan (107-A)
Length of bus duct = 7mtr.
Resistance = 0.01171 ohm/km (at 95°C)
Reactance = 0.00549 ohm/km
Impedance = 0.01293 ohm/km
Total Impedance of Bus duct = 0.00009051 ohm

2. Assumption

2.1 Base MVA = 100

2.2 Base kV = 0.415

2.3 Starting current of motor = 2.5 Ifl (considering VFD starting of motor)
2.4 Starting p.f. of motor = 0.2 lag

2.5 Outgoing cable impedance is neglected for all the feeders except S.A Fan.
2.6 Allowable voltage dip during starting of motor = 15% at motor terminals.
2.7 Voltage across motor terminals is assumed as 1 p.u. before starting.
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3. Calculation of impedances at base MVA

Source
Base MVA 100
Z (source) = —— = — = 3.19p.u.
Fault MVA 31.35
Cable
Incoming cable
Z (actual) x Base MVA 0.000183 x 100
Z (cablel) = = — = 0.106 p.u.
(Base kV) x (Base kV) 0.415x 0.415
Outgoing cable to SA fan
Z (actual) x Base MVA 0.01493 x 100
Z (cable2) = = = 8.669 p.u.
(Base kV) x (Base kV) 0.415x 0.415
Bus Duct
Z (actual) x Base MVA 0.00009051 x 100
Z (Bus Duct) = = = 0.0526 p.u.
(Base kV) x (Base kV) (0.415) x (0.415)
Base Load
Base MVA 100
Z (base load) = = = 50.52 p.u.
MVA (base load) 1.9795
Motor
Motor Starting MVA = V3 x 14 x 0.415 =vV3x25x189x0.415/1000 = 0.3396
100
Z (motor) = = 294.46 p.u.
0.3396

Calculation of Voltage Dip

3.2.1 Equivalent circuit before motor starting is as indicated in Fig. 3

Zsource Zbusduct

@ Eg Z(Base Load)

Fig. 3
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The voltage at motor terminal before starting of motor is assumed as 1 p.u.

Equivalent impedance of circuit = Z (source) + Z (busduct) + Z (base load)

= 3.19+0.0526+50.52 = 53.7626
. . EQ Eg
Current |; flowing in network = : - = — = 0.018600 E,4
Equivalent impedance 53.7626

Voltage across motor terminals before starting = |; x Z (base load)
1 p.u. = 0.018600 E, x 50.52

1 p.u. = 0.93967E,
E, = 1.064 p.u.

Equivalent circuit during motor starting is as indicated in Fig. 4

Zsource Zbusduct

— |
Zcablel

T
@ Eg |:J Z(Base Load) Zcable?

T
Zmotor

Fig. 4

Equivalent impedance = [Z (source) + Z (busduct) + (Z (base load) || (Z (cableT) +
Z (cable2) + Z(motor))|

= 3.19 + 0.0526 + (50.52 || (0.106 + 8.669+ 294.46)) = 46.55 pu

E, 1.064
Total current drawn from supply = = 0.0229 pu

Equivalent impedance 46.55

Total current from supply x Z (base load)

Current through motor branch
Z (cable1) + Z (cable2) + Z (motor) + Z (base load)

0.0229 x 50.52

= = 0.00327 p.u.
0.106+ 8.669 + 294.46+ 50.52
Voltage across motor during starting in p.u. = Current through motor branch x Z (motor)
= 0.00327 x 294.46 = 0.9629 p.u.
_ 1-0.9629
Voltage dip = f x 100 =37%

The transient voltage dip is within limits (15%).

42 | NOVEMBER-DECEMBER 2015



Research Article

o
=
~
m
a
<
T
2
O
S
)

119°0C 1190 <20S'Ly  119°0C

(swr ‘y¥]) ua.LInd a3e3s Apeals — |
(wwAs ‘suit ‘y3y) Jua.LInd gurjealq - 9]

(V3] 3uaum) yead - 9
(SWLI “¢¥) JUSLIND [BILIIDWIWAS [eRIU] - ] ‘@I

"SJUSLIND QUI| PAY[NEJ 0M) A} JO JOTIR] A ST JUALMD Ne) T 4

(9IBMYJOS JV.LE WOL) ") POYIO SuIsn pare[no[es st 1 Juormy) | SWl ur o1e SJUSLIND I[NeJ ([

L8L'8T LSL'8L 86T'Ey LSL'ST LS8'8L L8Y'QI 8TS'EY L8YQI SE€SOT €¥00S YILIT 000°€E v dAnoID/AT SSYVTI/ANMEE/TET

T B 1 W1

i b 1 W1 T | 1 A1 T 1 S AT air

PUN0.19)-0)-IUI'[-0)-IUI]

j[ney dur-03-dury j[neq punoin-03-dury Jney Iseyd-¢ sng

siaLn) Jned HI7 17 DT 9seyd-¢

Joday ATeWwiiing JIMdIT)-310YS

‘uado Jayealq an IMm snq ANE€ v dnoan je jne]
T 9SE) APMIS |

¥ 03 | sase) Apnis dv13 : ¥ anxauuy

m
<
0
-
o
~N
o
Ll
o)
P
Ll
O
[N E]
S
o
(NN ]
e}
>
[5N]
>
o
=2




Research Article

[
E
~
g
A
S
o
2
S)
S
Q

¥I8'6C ¥I86C SS8TL V¥I86C

"SYUDLIND QUI| PA)[N.J 0M) B[} JO JOSIR] AU} SI JUALIND J[NeJ T 4

(s1eAJ0S JLF WOIJ) *) POYISIA SUISN Paje[nofes st ‘] JuaLny) "y SULL Ul 818 $JUSLIN J[nej ||V

YSS'ST  ¥SSST  WPYT9  $SSST  06L°8T 06L'8T €SEOL  06L8T 6S€TT 80STL TLY6T - 0099 V dAnoin/Al SSVTO/A9 9/ZET

i | 1 a1

i ﬁ; 1 Wl b b ! Wl b 1 Wl A ar

PUNO.ID)-0)-IUI[-0-IUI]

Jne] SurT-0)-oury JINEJ PUNOIN-0}-oury Jne dseyd-¢ sng

sy e HTT 1T DT “9seyd-¢

JI0doy ATewrwing JIMdIT )-3I0YS

‘uado J1axealq a1 PIM Y dnoun Jo snq AY 9'9 Je I[ney
TTISE)APMS I

LN
-
b=
o
o
L
[a]
>
L
O
[NE)
>
oc
L
[aa]
b
(3N
>
o
p
<
N




Research Article

o
=
~
m
a
<
T
2
O
S
)

€8L°T9  €8L'T9 09€°LET  €8L'19

"SJUQLIND QUI| PAI[NE] 0M} oY) JO JoSIe] oY) ST JUIIN J[NeJ T 4

(91eMYJOS JV.LF WOolj) *0) POYIRIA Suisn paje[nofed st ] JuaLny "y SUL Ul 318 SJUSLING J[NE) [[V

9CI'vS  9TI'PS LEEOTI  9TI'¥S  LOS9S  LOSOS T€9°STI  LOS9S  ¥06°TI 961°6€1 609°C9  €E¥0  1VOIdd ASIH/II SSVID/V6IIL

bl b 1 Wl

T b 1 W1 T b 1 Wl i 1 Wl Al at

PUNOIN-0)-IUIT-0)-dUI T,

JIne] SurT-0)-oury Jne punoin-j-aury Jneq Iseyd-¢ sng

syua1n) ne,y 7T “17 ‘D7 9seyd-¢

Joday ATeWiing JIMOIT)-}107S

"paso[d g0 SUI[ 913 PUE Paso[d 1e¥ealq D YHM shq TY-DDdd ASTH 38 ned
TEOSE) APMIS  C[II

LN
<
0
-
o
~N
o
Ll
o)
P
Ll
O
[N E]
S
o
(NN ]
e}
>
[5N]
>
o
=2




Research Article

[
E
~
g
A
S
o
2
S)
S
Q

08S°ST  08S°ST  LTL'RS  08S'ST

"SJUSLIND QUI| PAY[NE} OM) AU} JO JOTIe] Ay ST JULIND J[NeJ DT 4

(9121708 JY.LH WOI) ) POYISJA SUISN paje[nofed s1 T 1uaLny "y SW Ul 218 SIUSLING I[Ne] [[V

wTce 1y T90°lS  1¥TTT  096¥C  096'%C ¥0E'LS 096'FC G8L'S  T96'8S T8Y'ST  €E¥'0  TVOODdA ASIVII SSVID/V6II

T | 1 Wl

i | 1 A1 | o 1 Wl i 1 W1 AN ai

PUNO0IH-0)-9UIT-0)-dUI]

JIne ] dury-03-oury }[NE] PunoIn-0)-dur| yne aseyd-¢ sng

spuaLn) yned D77 “171 ‘DT ‘9seud-¢

JI0day ATeWINg JIMAAT)-3I0YS

‘uado g) auI[ 913 pue paso[d Iexealq H YIM Snq TY-DIdT ASTH 38 3ned
HoseyApmS Al

n
-
o
~N
o
L
=)
P
L
U
[NE)
.
o
L
@
b
(3N
>
o
p
©
<




BARC NEWSLETTER Research Article

Wilson Disease DNA Microarray and Diagnosis

Manjula Mathur and A.V.S.S.N. Rao
Molecular Biology Division

Abstract

Customized DNA microarrays were developed for detection of sequence variations causing Wilson disease. Our
WDDMs (Wilson Disease DNA Microarrays) were found to have >80% accuracy in detection. This is a proof-

of-principle demonstration of the utility of low-density microarrays for genetic diagnosis.

Metabolic disorders - WILSON DISEASE (WD) as
an example

Micronutrients are very important component of
our diet and are required in small quantities by
most organisms for optimal physiological function.
These include vitamins and minerals such as iron,
iodine, zinc etc.
of these can cause impaired cell functions and

copper, Excess or deficiency
eventually cell death. Their levels in our body are
tightly regulated by critical enzyme systems'?
whose imbalance could be due to a defect in one
or more genes. We are born with about 21000
genes and the total gene coding regions constitute
about 2% of our total genetic content (genome).
When a disorder is linked to a single inherited
gene, it is referred to as an inherited monogenic
disease. It may be noted that, as of now more than
5000 inherited monogenic disorders are known in
humans and their frequency of occurrence varies
across populations and geographical locations.

Copper is a transition metal element, which has a
natural property of getting easily converted between
two redox states namely oxidized Cu (Il) and reduced
Cu (I). Because of this unique property, biological
systems have made Cu metal to get manifested as an
important catalytic co-factor for a variety of metabolic
reactions in them?. Copper, like vitamins, is required
in tiny amounts for us to remain healthy and we get
it from many foods. Dietary copper is absorbed in the
stomach and duodenum where it mainly binds to
circulating albumin, and is taken up by various tissues.
The daily requirement for copper is approximately
0.75 mg. Excess copper is predominantly excreted

into the bile, where it ends up as fecal copper. Renal
losses account for only 5 to 15 percent of the daily
excretion.

Wilson disease was first described in 1912 by a British
neurologist Dr. Samuel Alexander Kinnier Wilson
(1878-1937) as a clinical condition of hepatolenticular
degeneration caused by defect in cellular copper
transport. In Wilson’s disease copper accumulates,
over a period of time, in the liver (hepato cellular) and
other tissues including the brain (lenticular nucleus),
causing damage to the organs and resulting in the
hepatic, neurologic and psychiatric manifestations
of the disease. Above certain levels of intracellular
copper accumulation, it could even enter the nucleus
and damage DNA causing unpredictable damage to
cellular functions and, total chaos to the system. Thus,
WD is fatal unless detected early and treated before
serious illness from copper poisoning develops. More
than 30 million people worldwide are estimated to be
affected by the disease.

Disease causing mutations in a gene occur in less
than 1% cases in the population while some of the
variations remain silent and not affect the function
of the gene(s).
disorder rooted to a gene named ATP7B, located on
chromosome number 13. The ATP7B gene is encoded
by 22 exons spread over 80kb of genomic region.
This gene was cloned, sequenced and characterized
in 1993. WD occurs at a frequency of 1 in 30,000
whereas its carrier frequency is estimated to be 1:90%.
Nearly 600 different disease causing mutations
in  ATP7B have been reported and are compiled as
Wilson disease mutation database®.

Wilson’s disease is a metabolic
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Disease Diagnosis - Detection by DNA microarray

Data pertaining to the nature of mutations and
their locations is the starting point to design DNA
sequence based diagnostic methods. DNA microarray
is the method of choice when a large number of
disease causing mutations have to be detected
simultaneously in an unknown sample. In an effort to
augment the clinical diagnosis of WD, we have taken
up the indigenous development of Wilson Disease
DNA Microarray (WDDM) by detecting the presence
of pathological mutations in ATP7B in suspected WD
patients and their kin.

We analysed the population distribution of WD
causing mutations from existing literature and
short listed those prevalent in Indian population
for the development of WDDM.  Some of these
mutations that affect the functional domains of
the WD protein were found among Indians as well
as other populations. Short DNA sequences (oligo
probes) spanning the above regions were chemically
synthesized in pairs (normal and mutated, i.e.,
control and test probes). For uniform micro-spotting
of DNA probe solutions, on epoxy coated glass slides
an indigenous PC controlled micro-arrayer was
used®. Nearly seventy probe pairs covering 63 WD
mutations were printed under ultra clean atmosphere
with controlled humidity. The spotted slides were
examined under microscope before conducting

hybridization experiments.

Research Article
BARC NEWSLETTER

Samples were derived from the ATP7B gene region of
the individuals by PCR ampilification, Digoxigenin (DIG)
labeled, and were hybridized to WDDMs (forming
DNA hetro-duplexes). The hybridization signals were
detected with the help of anti-DIG antibody and the
scanned hybridized slides were quantified by the use
of image analysis methods’. Laboratory generated
mutated samples were hybridized on WDDMs to
assess the specificity of the WDDMs. The scanned
image of a typical WDDM after hybridization with a
mutated sample is shown in Fig. 1C.  All these six
mutations could be detected with >95% confidence.
On the same lines, sensitivity of our detection method’
was evaluated after quantitative analysis of spot
intensities from multiple hybridization experiments
and was found to be >80% .

Conclusion

DNA hybridization based methodology for diagnosis
of Wilson Disease was established using a microarray
based approach. In our study nearly 80% of probes
showed required spot intensity differentiability. This
study demonstrated that designed WDDMs and the
protocols followed can be used for disease diagnosis
as a cost-effective first-pass screening tool. Dr. Arnab
Gupta an expert on WD mutations and associated
patho-physiology at Johns Hopkins University, MD
(USA) considers our approach of developing low-
density microarrays as a major step not only for
diagnosis of WD but also for monogenic disorders
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Fig. 1: Hybridized WDDM: Fig1A and Fig1B show magnified view of grid 3 of microarray slide hybridized to
normal (A) and mutant (B) samples. Fig1C is an image of the complete microarray — the boxed part has probe
pairs (in triplicate) pertaining to specific mutation (underlined in Fig1A).
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as a whole®. In India, this is perhaps the first attempt
in the direction of developing a diagnostic DNA-
microarray for detection of genetic disorders. A similar
approach can be used for the diagnosis of other
monogenic diseases including haemoglobinopathies
viz. thallassemia, sickle cell disease, inherited cancers
etc.

Present Perspective

In this era of ‘genomics’, determining the DNA
sequences of complete genomes has become a reality
due to technological advancements. This has lead to
a better understanding of the genetic contributions
to human health and fueled the emergence of
newer areas of research such as pharmacogenomics,
metabolomics and personalized medicine.  The
technologies  and
integration of microelectronics® have the potential

microarray-based  genomic
to exploit the genetic information for developing
affordable tools for genetic diagnosis.
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Development of Induction Skull Melting Technology

G. Sugilal, Shashi Kumar, M.H. Rao, S.K. Mishra, J. Jha and K. Banerjee
Nuclear Recycle Group

and
G.K. Dey
Materials Group
Abstract

BARC had developed and indigenized cold crucible induction melter technology for high temperature glass
melting applications. In order to extend this technology for metal melting applications, development of
Induction Skull Melting was undertaken. As a part of the indigenous development of the ISM technology, a
systematic numerical simulation was carried out initially to arrive at the design parameters of the segmented
crucible. Based on the model-based design, an induction skull melting facility comprising of a water-cooled
segmented copper crucible with in-situ casting module, induction heating power supply system, cooling water
recirculation systems, vacuum chamber with vacuum delivery system and associated instrumentation & control
units was built. The ISM facility was successfully tested for melting and homogenizing different metals and
alloys. The ISM technology is the most preferred technology when highly refractory and extremely reactive

metals and their alloys are to be processed with ultra high purity.

Introduction

Induction Skull Melting (ISM) is an advanced technology
used for melting highly reactive metals such as titanium,
zirconium etc. In ISM, a water-cooled, copper crucible
is used to melt the metallic charge. The crucible has a
segmented cylindrical wall so that the magnetic field can
penetrate into the metallic charge to be melted. As the
metal melts inside the segmented crucible, it solidifies
against the floor of the crucible, forming a thin skin or
‘skull” on the surface. Melting of reactive metals such
as zirconium and titanium and their alloys are carried
out under vacuum or inert atmosphere. Therefore, the
segmented crucible is housed inside a vacuum chamber.

The induction skull melting is very energy intensive
process on account of the water cooling of the
segmented crucible.
conductivity of the skull, it insulates the molten metal
from the cooling effect of the crucible. Moreover, the
Lorentz forces caused by the electromagnetic field
partially levitate the melt and thereby, reduce heat
exchange between the liquid metal and the skull. This

Depending on the thermal

results in a considerable amount of superheat required
for practical applications and the stirring effect created
by the induction coil results in a uniform temperature
distribution throughout the melt. By virtue of the

strong electromagnetic stirring, the ISM technology is
also useful for producing alloys from their constituent
metals having great differences in their densities and
melting points.

Model-based Design

Number of segments of the crucible, its shape
and spacing between them strongly influence the
performance of the CCIM. The heat generation due
to eddy currents induced in the segmented crucible
is governed by these factors. The electrical efficiency
decreases with increase in the number of segments
because lesser power is released in the charge and more
power is wastefully released in the fingers. However,
the arcing risk between the segments reduces as the
number of segments increases. Therefore, the first step
towards this development was a systematic study to
understand the effect of various design parameters and
selection of appropriate values of these parameters to
meet the design objectives (see Fig. 1 and Table 1).
Numerical simulations were carried out to assess the
impact of air gap between the segmented crucible and
primary inductor. Similarly, the effect of coil pitch was
investigated by increasing the pitch from 5 mm to 10
mm. The corresponding induced heats are tabulated
in Table 2.
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Induction Skull Melting Facility
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Based on the model-based design, the induction
skull melting system comprising of a water-cooled
segmented copper crucible, induction heating power

supply system, cooling water recirculation systems,
was procured from M/s. GH Induction India Pvt. Ltd.,

Chennai. The vacuum chamber and vacuum delivery

W
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system were procured from M/s. Hind High Vacuum
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Company Pvt. Ltd., Bangalore. Installation and
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integration of all subsystems including various cooling
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water circuits were completed in the Engineering Hall
of the CDCFT Building in WIP Complex and tested
successfully (see Fig. 2).
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The new segmented crucible has 12 water-cooled
fingers, which are arranged to form a cylindrical
cavity with 120 mm diameter and 250 mm height.
The copper crucible is provided with a water-cooled

adjustable bottom to facilitate in-situ casting of
Fig. 1: Power induced in different parts of the the melt. The crucible is made of electrolytic tough
segmented crucible (simulation results) pitch copper. The segmented crucible as well
as the adjustable bottom are properly cooled by

Table 1: Power induced in different faces of one circulating cooling water at adequate pressure such

finger (simulation results) o o
that these components are maintained at sufficiently

Finger Induction Induction low temperature during the melting and casting

Face heat heat operations. Fig. 3 shows the water-cooled segmented
(kw) (%) crucible complete with the inductor and in-situ

Front 13 22.5 casting module.

Back 1 17.5

Sides 34 59.4 Induction Coil and Power Supply

Top 0.006 00.1 The induction coil has 5 turns with an inside diameter

Bottom 0.03 00.5 of 170 mm and coil height 200 mm. The induction

Table 2: Power (kW) induced in different components of the induction skull melter (Primary current =
5750 A (rms), Frequency = 15 kHz)

Case studies Melt Crucible Chamber
() 5 mm air gap & 5 mm pitch 129.8 118.7 9.7

(i) 10 mm air gap & 5 mm pitch 124.9 107.1 11.4

(iii) 5 mm air gap & 10 mm pitch 131.3 124.6 7.8
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Fig. 2: Induction skull melting facility in BARC

coil is energised with one number of 600 kW, 15 kHz,
full bridge, IGBT-based induction heating primary
power supply comprising of rectifier, inverter, and
heat station with tank capacitor. The induction coil
inside the vacuum chamber is connected to the
output of heat station through vacuum compatible
co-axial power feed-through with Bayonet coupling
to feed the power to the segmented crucible.

Vacuum Delivery System

The vacuum delivery system consists of a vacuum
chamber meant for housing the segmented crucible,
induction coil and a set of vacuum pumps. The vacuum
chamber have an inside diameter of 900 mm and a
height of 1200 mm. It has a double-wall construction
to facilitate water cooling of the chamber. The ceiling
of the chamber is provided with a copper heat

sink (cooling shroud) to avoid excessive heating by

Fig. 3: Water-cooled segmented crucible complete
with inductor and in-situ casting module

the thermal radiations from the molten mass. The
required vacuum is created by a set of rotary pump,
roots pump, diffusion pump and holding pump. The
ultimate vacuum produced by the vacuum delivery
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Fig. 4: Components of the vacuum delivery system

system is 10> mbar and the working vacuum is 104
mbar. The vacuum delivery system is provided with
adequate instrumentation and controls. Vacuum
level in the chamber is measured on-line using Pirani
and Penning gauges. Multiple levels of pressure relief
valves are provided to avoid any pressure build up in
the chamber. Components of the vacuum delivery

system is shown in Fig. 4.
Primary Cooling Water System

The primary cooling water recirculation system
consists of three independent cooling water (DM
Water) circuits to cool the induction heating power
supply and the segmented cold crucible, respectively.
Each loop has a DW water storage tank, a vertical
multi-stage stainless steel pump, a plate type heat
exchanger and associated
controls (see Fig. 5). The instrumentation include

instrumentation and

DM water level in the tank, pressure at the pump
discharge, flow rate in the DM water header and
inlet-outlet temperature measurements which are
available for process control.

Secondary Cooling Water System

The secondary cooling water recirculation system
consists of three independent cooling water circuits
(one for induction heating power supply and another
two for segmented cold crucible) to cool the primary
cooling water. The heat load of the secondary cooling
water is removed in an induced draft cooling tower
with an installed capacity of 1000 kW.

Emergency Cooling Water System

An emergency cooling water system is provided to
cool the induction skull melter and induction heating
power supplies when the normal cooling mode fails.
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Fig. 5: Cooling Water System for Melter and Generators

An overhead tank with a capacity of 1000 L DM water
is provided to ensure the melter cooling for about 30
minutes.

Melting Experiments

Melting trials were carried out using during the
commissioning phase of the ISM Facility. 4.1 kg
(— 1.5 1) of aluminum, in the form of cut-pieces
of 1 inch diameter rod, was charged initially.
Subsequent de-gassing was carried out under
vacuum and melting was carried out under high
purity Argon (99.99%) environment. The induction
heating power was increased from 50 kW to 300
kW in steps of 50 kW. The molten aluminum was
casted in-situ and the casted ingot was withdrawn
from the crucible using hydraulic power-pack. The
longitudinal cut section of ingot showed excellent
homogeneity. Subsequently stainless steel melting
trials were carried out to establish high temperature
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melting. 11.9 kg (~1.5 L) of stainless steel, in the
form of cut-pieces of 1 inch diameter rod, was
charged into the segmented crucible. Like in the
previous case, de-gassing was carried out under
vacuum and melting was carried out under high
purity Argon (99.99%) environment. The induction
heating power was increased from 50 kW to 400 kW
in steps of 50 kW. The in-situ casting was carried
out with and without heating power control. The
ingot obtained with controlled cooling had a better
surface appearance. Fig. 6 shows different stages of
melting and casting of stainless steel. The ingot
was cut to generate vertical and horizontal sections
and inspected visually to check the extent of melting
and skull formation.

Summary

Induction skull melting is globally emerging as an
advanced technology for electromagnetic processing
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Stainless steel ingot after in-situ casting

Melting of stainless steel completed

Vertical and horizontal cut sections

Fig. 6: Different stages of stainless steel melting and casting

of materials ranging from highly reactive metals to
high temperature superconducting oxide materials.
The ISM technology offers several advantages such
as high temperature availability, long melter life, high
purity, etc. In view of various important applications
BARC has
developed induction skull melting technology in

in frontier areas of material research,
house. By virtue of the strong electromagnetic
stirring, the ISM technology can also be used to
homogenize alloys of metals which are difficult to
be combined uniformly in composition due to great
difference in specific gravity. Further induction skull
melting experiments are being taken up to establish
these aspects quantitatively.
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Design & Development of Facility for Production of
Active Cs-137 Source Pencils for Blood Irradiator

Satish B. Patil, Jyoti Jha, Puneet Srivastava, Shakti Mishra,
Rituparna Datta and Siddhartha S. Khan

Technology Development Division

Abstract:

The search for an option for a radioactive source, alternative to Co-60, is on for quite some time. Abundance
of Cs-137, a high yield radionuclide, in the nuclear waste has prompted the idea of separation of the same
from the nuclear waste and making it suitable for medical and industrial applications. This will give the societal

benefits in addition to revenue generation. Longer half life of Cs-137 (30 Yrs) is an added advantage of using

this isotope over Co-60. Hence, as a special emphasis in Indian Nuclear Waste Management programme, a

facility has been designed, installed and commissioned for production of Cs-137 source pencils in vitrified form

to be used as source pencils for blood irradiation.
Introduction

In India Co-60 is the isotope presently being used for
medical applications. It needs frequent replacement
because of its short half life (5.27 Years) resulting
in multiple handling, transportation and loading-
unloading operations. Further, in Indian scenario,
production of Co-60 also leads to reactivity losses and
in turn revenue losses to the nuclear power reactors.
However, Cs-137, the major constituent of the
nuclear waste, is a suitable substitute for Co-60 as a
radioactive source because of its longer half life (30
yrs). Nuclear Recycle Group has given special emphasis
on utilization of Cs-137 for such applications. This
will give societal benefits in addition to the revenue
generation and will also address issues related to
disposal aspects of High Level Radioactive Waste.

Though traditionally Cs as Cesium Chloride (CsCl)
powder has been used in radiation source applications
elsewhere in the world, CsCl is highly soluble in water
and the powder can get easily dispersed resulting in
release of activity under accidental conditions. It is
thus desirable to use Cs in immobilized form, with
good product characteristics, so that high degree of
safety can be ensured during its use in public domain.

Historical Background

In accordance with the Policy of Closed Fuel Cycle,
India had developed an expertise in vitrification of

High Level Nuclear Waste (HLW) and industrial scale
vitrification plants have been set up at WIP-Tarapur,
WIP-Trombay and AVS-Tarapur for vitrification of
the HLW. Further, during refinement of Indian
Waste Management Policy, emphasis was given on
separation of actinides and high yield radio-nuclides
like Cs-137 from the nuclear waste. lon Exchange &
Solvent Extraction Processes had been indigenously
developed for separation of Cs-137. Separation of Cs-
137, major heat generating radionuclide in HLW, will
be advantageous in terms of reduced radio-toxicity of
the remaining waste and reduced heat load during
long term storage of such waste. In-spite of having
expertise in vitrification of nuclear waste, the main
hurdle in manufacturing of Cs-137 source pencils
was the controlled pouring of the vitirified glass in
stainless steel pencils.

Initial efforts for making Cs-137 source pencils
were based on the concept of preparation of small
spherical beads and putting them inside the stainless
steel pencils. However, difficulty in making uniform
beads due to corrosive nature of the vitrified product
and presence of voids inside the source pencil, the
bead making concept was not pursued further.
Subsequently, it was decided to make the Cs source
pencils based on the concept of direct controlled
pouring of accurately measured vitrified product into
stainless steel pencils.
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Evolution of Glass Pouring Technology

The simplified block diagram of the activities involved
in production of Cs-137 source pencils is shown in
Fig. 1. Among all, the controlled pouring of vitrified
product into the pencils is one of the most important
activities. Mainly three design approaches were
attempted progressively for controlled pouring of the
vitrified product into the pencils as shown in Fig. 2:

a) Glass Bead Method

Initial concept of making Cs Source pencils was based
on the preparation of 1-2 mm dia. glass beads to be
filled into the pencils. The nozzles having 1 mm and
1.5 mm diameter opening were used for making the
beads as shown in Fig. 2(a). However, it was observed
that the method was not a practical solution because
of the following:

i) Very high temperature requirement at the tip of
nozzle to initiate the glass pouring.

ii) After few cycles of operation, the nozzle bore
was getting enlarged due to the glass corrosion.

b) Freeze Valve Method

In this method, the vitrified mass is poured by
energizing the bottom freeze plug directly into the
source pencils ref. Fig.2 (b), a process similar to being
followed at WIP. Multiple trials were carried out with
different sets of temperature cycles. However, it
was found to be very difficult to achieve the control
over the glass viscosity and quantity being poured.
Moreover, glass thread formation, which was not
acceptable, and difficulty in predicting the start and
end points of glass pouring were the shortcomings
of this method.

¢) Mechanical Plug Method

In order to achieve a fine control on pouring, the
process pot design was modified with provision
of a mechanical plug and seat type arrangement.
Subsequently, the design was fine tuned through
progressive modification of the plug and the seat
(refer Fig.2 ¢, d and e). In this design, the plug was
actuated through a pneumatic actuator to start /
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stop the pouring of vitrified product into the pencils
placed on Product Trolley. This design has resulted in
the most successful option among all the approaches
tried for controlled pouring with which the pencils
can be filled appropriately without any spillage of the
vitrified product.

Glass
Pouring in
Pencils
Area 19

137
Separation of Cs-137 Vitrification

from HLW m—) SRS -
Area 15

Decontamination |
Area 21

Product Transfer

to Shipping Cask -
Area-34

Waelding of

Leak Testing _ Glass filled
Area 21 Pencils
Area 21

Transportation to
BRIT Facility

Fig. 1: Block Diagram of the Facilty
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Fig. 2: Progressive Designs of Process Pot

Applications & Advantages of Cs-137
Cs-137 Source Pencils will have following applications:

e Blood Irradiation.
e Food Irradiation.
* Brachytherapy.

» Sterlization of Medical Equipment.

At present, BARC has targeted the development of
Cs-137 Source pencils for Blood Irradiation application
only. Advantages of Cs-137 as Radioactive Source
over Co-60 Sources are:
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e Reduced frequency of Source replenishment.
e less handling and transportation.

e Less shielding requirement.

* Ready availability in nuclear waste.

e Reduction in radio-toxicity of remaining HLW.

* Reduction in heat load of remaining HLW, thereby
resulting in reduced or no cooling requirements.

Present Facility

Technology Development Division (TDD) has rigorously
worked on the critical aspects like design of mechanical
plug based induction heated furnace which will
ensure the controlled pouring of vitrified product
at a temperature of around 950° C in SS pencils of
23 mm OD and 204 mm in length. The size of the
pencil was dictated by the Co-60 source presently
being used in the Blood Irradiators in India so as to
keep the other dimensional parameters unchanged.
The plant scale demonstration facility was designed
to achieve the goal of direct controlled pouring of
accurately measured vitrified product into these
pencils. Subsequently, fabrication of all the required
equipment and power supplies were completed and
the demonstration facility was ready in March 2010.
Full scale trials with various composition of glasses and
simulated waste were carried out. After gaining the
required confidence, through innumerable inactive
trials, it was planned to install the plant scale facility
for production of active source pencils.

Initially, feasibility studies were carried out in order
to install the Cs Pencil making facility at the existing
radioactive cells of WIP, Trombay. Subsequent to the
feasibility studies, actual site measurements were
carried out inside the radioactive cells. Further, the cell
worthy set up was designed consisting of structure
for Induction Furnace, compatible Inconel 690
Process Pot & Susceptor, Pneumatic actuation system,
Product Trolley along with the Indexing arrangement,
Load cell with appropriate shielding and flexible shafts
to facilitate the placement of drive motors outside
the hot cell. The main system, designed in a modular
concept, with necessary remote handling interface
has been installed in Area 19 of WIP, Trombay. WIP
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cask loading station has also been modified to
facilitate the transfer of the active pencils to BRIT
cask. The design has also gone through the safety
approval processes through PLSC, ULSC and OPSRC
route ensuring safety in all the stages of operations.

In general, the process of making Cs source
pencils consists of vitrification of the separated Cs
radioisotopes, dispensing of accurately measured Cs
glass into the pencils, seal welding of the lid to the
filled pencil, decontamination and transportation of
the pencils to BRIT for end use in medical applications.

Sourcing of Cs-137 from HLW

Cesium-137, in appreciable quantity, is present in the
high level radioactive waste. The presently available
sulphate bearing waste has 2-3 Ci/l of cesium
concentration. Apart from Cs, this high-level liquid
waste at Trombay is characterized by the presence of
strontium, actinides, high concentration of uranium
and sodium. This waste is acidic (1-1.2 M HNO,) in
nature with average density of 1.2 gm/cm3. The
waste is subjected to partitioning by three cycles of
solvent extraction to remove different radionuclides.
The solvent extraction process involves, i) removal
of U using a solution of 30% TBP in dodecane, ii)
removal of Cs using Calix Crown Ether solution having
concentration of 0.03 (M) CC6 in 50% iso-decyl
alcohol and dodecane and iii) removal of Actinides and
Sr using TEHDGA solution having concentration of 0.4
(M) TEHDGA in 15% iso-decyl alcohol and dodecane.

The raffinate from first cycle, lean in uranium, after
adjustment of acidity is contacted with calyx crown
ether solution to recover Cs from the stream at a
processing rate of 100 Iph. The Cesium lean HLW
(raffinate) serves as feed for the third cycle for removal
of actinides & strontium. The loaded organic, after
second cycle, is subjected to stripping with DMW.
The stripped product from second cycle, essentially
a cesium rich solution, is stored. This purified Cs-137
product solution is further evaporated, concentrated
and fed for vitrification of cesium in glass matrix
for making source pencils. The composition of the
purified feed solution is given in Table 1.
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Table 1: Composition of Purified feed solution

Component Concentration
HNO 3M

3
Cs'7 (as CsNO,) 20 Ci/L

Vitrification

Cesium nitrate solution after evaporation in existing
evaporator is fed to the melter for vitrification
process. The processing steps involved in vitrification
are evaporation, calcination, glass melt formation,
soaking and draining. During vitrification Cesium
nitrate of concentration 20 Ci/litre is added to melter
as the feed solution in controlled rate. The vitrification
is carried out as per the standard operating procedure
of WIP with existing system based on predetermined
temperature profile. Approximately 6 kg of vitrified
product is poured in the Cs pencil process pot. The
composition and properties of the vitrified product
are shown in Table 2.

Table 2: Composition & Properties of Vitrified Product

Oxides Wt (%)
SiO, 28.8
B,O, 25.2
Na,O 18.0
Cao 7.2
Fe,0, 9.0
TiO, 1.8
Cs,0 10.0
Laboratory pouring temp, °C 850
Pouring temp in plant scale, °C 900-950
Density, g/cc 2.5~2.7
Na leach rate, g/cm?/d 1.46 x10*
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Facility Description

The plant scale facility based on Solvent Extraction
process has been operational at Area 15 of WIP,
Trombay. In this facility the recently developed
indigenous solvent, Calix Crown has been deployed
by the Process Development Division. The steps
involved in the production of Cs-137 based radiation
source pencils are:

(i) Extraction of Cs-137 from HLW.

(i) Immobilization of Cs solution in glass matrix in
the existing melter of WIP.

(iii) Pouring of vitrified mass into the process pot of
cesium pencil production facility (Area-18).

(iv) Reheating of cesium loaded glass matrix to
pouring temperature in Area-19.

(v) Pouring of the Cs glass in source pencils in
Area-19.

(vi) Welding and decontamination of pencils in
Area-21.

(vii) Transfer of product pencils to BRIT cask.

Fig.3: Schematic Layout WIP Cells

Table 3: Standard Specifications of Source Pencils

Sr. No. Description Details

1 Inner Pencil Dimensions @23 mm, 204 mm long
2 Active Length 194 mm

3 Active Volume 70 CC

4 Sp. Activity of glass 1.78 Ci/g

5 Activity Content per Pencil 300 Ci

6 Lengthwise Activity variation <20 %

7 Outer Pencil dimensions ©25.5 mm, 210 mm long
8 Surface Contamination of outer Pencil < 185 Bq
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Induction Furnace

The induction heating furnace for cesium pencil
facility comprises of Power supplies, Capacitor bank,
High frequency bus bar and Coil assembly. This
furnace has two (02) zones viz. 20 KW & 5 KW with
separate power supply as shown in Table 4.

Table 4: Details of Induction Furnace Power Supply

Location Power Frequency
Zone-| 20 KW 5 KHz
Zone-|| 5 KW 10 KHz

The capacitor bank for this furnace is made up of two
sets of capacitors suitable for tuning 20 KW & 5 KW
coils. The capacitor leads and copper connectors are
water cooled and the electrical connections between
capacitor bank and coil assembly is made up of high
frequency bus bar.

Product Trolley (Area 19)

Product trolley is meant for receiving and positioning
pencils below the induction furnace. The drives for
the trolley and indexing are given through one of the
wall penetration plugs through flexible shafts. This
arrangement will enhance the operational life of the
drive motors.

3

[ ZONE 1 20 kw
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After re-melting of Cs loaded vitrified product
its pouring into the source pencils of specified
dimensions is one of the most important aspects of
this facility. Small quantity and high activity of the
vitrified product to be poured into the pencil have
added to the criticality of the Product Trolley Design.

The Product Removal system mainly comprises of
a locating trolley equipped with a pencil holding
assembly and an indexing drive. The trolley has linear
motion and the pencil holding assembly, mounted
on the trolley, has rotary indexing motion. The trolley
has been planned below the induction furnace and
the pencil holding assembly can accommodate
twelve (12) pencils. During filling of the pencil it has
the provision of weight measurement of glass being
poured. The material of construction of the Product
Trolley is Stainless Steel (SS 304 L & SS 410).

The main features of the product trolley are:

1. Accurate positioning of the pencil below drain
nozzle of the furnace through highly précised
linear movement and indexing.

2. Minimum distance between Pencil top and the
drain nozzle.

3. Accurate measurement of the glass being poured
into the pencil.

Fig.4: Inactive Demonstration Setup

Fig.5: Setup Installed in Hot Cell
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Fig. 6: Pouring of vitrified Product in Pencil

Welding & Decontamination Station (Area 21)

The Welding & DC station has been planned in Area
21 of WIP. The decontamination baths, leak test
baths and the Remote Welding Unit (RWU) have been
installed on a platform within the reach envelopes of
Incell crane and wall mounted pair of Three Piece
Manipulators

The RWU is a special purpose autogenous pulse TIG
welding unit meant for the remote welding of the lids
of inner and outer pencil. The unit mainly comprises
of a remotely replaceable welding head and the
Power Supply. Considering the small size of the pencil
to be welded, a rotary chuck has been provided along
with a stationary electrode holder for this purpose.
The camera and a suitable optical viewing system
have been provided to check the weld quality.

Tests for Cs-137 Source Pencil

In order to deploy, Cs-137 Pencil as a radiation source
in public domain, AERB has prescribed the following
mandatory tests to be carried on each and every filled
pencil:
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Fig. 7: Transfer of Source Pencils

a) Leak testing as per AERB/SS/3(Rev.-1) standard:
Finished sealed source to be immersed (at least
5 ¢cm below the level) in a water bath, which is
maintained at a temperature between 90°C -95°C.
Presence of leakage, if any, by way of bubble
formation are to be observed for at least 2 minutes.

b) Loose contamination testing as per AERB/
SS/3(Rev.-1) standard: Loose contamination on
the sealed source is to be checked by taking
swipe sample from outer surface of the pencil
with a tissue paper. If the detected activity is less
than 185 Bq, the sealed source is considered to
be free from surface contamination.

Cask Support Platform

Cask Support Platform facilitates the accommodation
of the BRIT cask in WIP Cask loading station for
transfer of the source pencils, in specially designed
transfer cages, from WIP Cell to BRIT Cask. Seal
welded, tested and decontaminated source pencils
have been planned to be transferred from the Area
21 to the BRIT Cask, placed outside, through this
loading platform ref. Fig No. 8.
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Fig. 8: Schematic of Cask Support Platform & Loading Station

Remote Handling & Dismantling

In view of very high specific activity of Cs-137 glass
to be handled and radioactivity inventory inside the
facility, remote operation and maintenance features
have been considered while designing the systems
of the facility. The dismantling scheme has been
designed with the features of remote removal of each
and every subsystems of the facility.

Master slave three piece manipulators having 20 kg
payload capacity have been deployed to assist the in-
cell crane for handling the source pencils inside the
cell. The maintenance scheme has been prepared
based on the remote removal of the trolley top as
well as the full trolley itself. The furnace system has
been designed with features such as remote removal
of the process pot, susceptor and the thermocouples.

Production of Cs-137 Source Pencil

After completion of the installation work, three (03)
incell trial runs were carried out to ensure accuracy
of the mechanical setup and also to re-establish the
control parameters along with the heating cycle.

Finally, on 19t May, 2015 the active Cs loaded glass
collected in the Cs Process Pot was re-melted in the
Cs furnace as per the established temperature profile.
After completion of the soaking process, the Cs glass
was poured into the pencils (10 Nos.). Multistage
pouring was done to fill the accurate quantity of
Cs glass (170 g) in each pencil with the assistance
of real time load cell data and timer. These freshly
filled pencils were allowed to cool and subsequently
transferred to the Welding & DC station wherein
the lids were welded to these pencils. After passing
the leak test, the pencils were encapsulated in the
outer pencil and welding of the lids of these outer
pencils was carried out. These outer pencils, now
called as source pencils, were further leak tested and
decontaminated as per the AERB guidelines before
transferring and loading in the BRIT Cask.

On 1°tJune, 2015 Director BARC handed over ten (10)
Cs-137 source pencils, having total activity of 2500
Ci, to the CE, BRIT. India has become the first country
in the world to deploy Cs-137 vitrified radioactive
sources in commercial domain.
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Fig. 9: Cask containing Cs-137 Source Pencils

Fig. 10: Handing over of Test Certificates of Source Pencils to BRIT, Vashi
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Two day Seminar on Thermal-Mechanical-
Hydraulic-Radiological-Chemical Experiments on
Granites and Clays related to Geological Disposal of
Radioactive Waste (TMHRC-15)

High level long lived vitrified radioactive waste loaded
SS canisters/overpacks disposed at 400-500m depth
in granitic rocks of a geological disposal facility
trigger complex interaction and coupling of Thermal-
Mechanical-Hydraulic-Radiological-Chemical
processes (TMHRC) at depth in multi component
system involving canister-glass-buffer smectite clays-
granites-groundwater. A detail understanding of
these coupling of these processes and their numerical
modeling over extended period of time thus form key
component of the safety assessment of geological
disposal facilities. A two days NRG-BRNS seminar
on laboratory scale Thermal-Mechanical-Hydraulic-
Radiological-Chemical experiments on granites
and smectite clays related to geological disposal
of radioactive waste (TMHRC-15) was therefore
organized during 21-22 July 2015 at Conference Hall,
HBNI, Anushaktinagar. The seminar comprised two

technical sessions with a total of 21 presentations.

The key objectives of the seminar were to provide a
forum for discussion amongst in-house and leading
national experts on various field and laboratory
scale studies/experiments carried out in last three
decades in the field of geological disposal of
radioactive wastes in Indian case and identify focus
area of research and development for next decade.

Theme Merting o8 THMRC Esperimonts on Grasite and Smectite
mmu:;ﬂﬂhﬂidwﬂ\mﬂ

Dr. R.K. Bajpai convener of the seminar giving
welcome address

The seminar mainly focused on measurement and
modeling of complex TMHRCH processes that would
operate around disposed high level waste canister
in the depth range of 500-600m in suitable rock
types. Technical Presentations
meeting included site selection and characterization,
granite characterization at elevated temperatures,
Importance of Underground Research Laboratory
(URL),
repository processes, glass alteration and modeling,
sorption of actinides and fission products on smectite
clays, contaminant transport and modeling, impact
of radiation and heat on barrier function of clays,
numerical modeling of TMH processes using various
codes, seismic considerations in geological repository,
repository construction and design, international
development in geological disposal projects, key URL
based and lab scale experiments etc .

made during the

natural analogues of waste forms and

Dr R.K. Singh DS and Associate Director (Retd), RDDG,
chief guest of the seminar, dwelt upon complicacy
involved in up scaling of geo-scientific data from lab
scale to field scale and also highlighted the challenges
involved in TMHRC coupling and validation of results
through experiments. Shri R.S. Soni, Head TDD
delivered the welcome address and highlighted the
importance of such experiments prior to field scale

Dr. R.K. Singh Distinguished Scientist delivering key
note address as chief guest
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Seminar in progress

experiments in Underground Research Laboratory.
Dr R.K. Bajpai, Convener of the seminar gave an
overview of the latest international developments and
progress made in the field of laboratory based TMHRC
characterization and associated numerical modeling
studies carried out on granites and smectite in Indian
case. Shri R.K. Mathur & Shri PK. Narayan, Ex Heads
RES in their presentations covered progress made
in last four decades in Indian Geological Repository
programme. Dr Sumit Kumar RACD made elaborate
presentation on sorption characteristics of smectite
clays based on their laboratory based experiments. He
presented first time data on sorption of Pu, Am, Sr,
Cs and Na on Indian clays. Dr C.P. Kaushik CS WMD
gave an overview of radioactive waste management
in India. Dr D. Datta Head CRPC made an elaborate
presentation on latest numerical methods for TMHRC
processes including ANN techniques.

Dr A.K. Verma of Indian School of Mines, Dhanbad,
Dept. of Earth Sciences and Prof. T.N. Singh, IIT
Mumbai also made detail presentations on TMHRC
modeling Indian reference disposal system using
FLAC, PFC, COMSOL and other codes including
cases of single and multiple canister and evolution
of thermal fields. Dr R.K. Goel, Scientist In charge,
Central Mining and Fuel Research Institute, Roorkee,
explained experimental and modeling work carried
out on Indian granites for their thermal and hydraulic

characterization together with full scale repository
thermal modeling results. Prof JP Shirvastava, Dept.
of Geology Delhi University in his talk covered
experimental studies carried out on Na borosilicate
alteration using Parr Reactor and their comparison
with natural glasses. He reported cases of natural
analogues of waste glasses discovered for the first
time jointly by Delhi University and BARC. Dr RK Bajpai
in his technical presentation explained the key areas
in the field of geological disposal of radioactive waste
and various laboratory based experiments that need
to be taken up in near future.

The seminar also included a panel discussion wherein
expert panelists from BARC and other national
institutes discussed the importance of TMHRC
processes and need for development of technology
and methodology through few key experiments
in laboratory prior to their field scale versions in
Indian context.
included block scale experiments on granite block
of 60cmX60cmx60cm size with cocktail of tracers

The recommended experiments

like Am-Pu-U-Sr-Cs. It was also recommended to
conduct granite block scale radionuclide migration
experiments to optimize the field scale tests planned
in future. Expert panel also made recommendation
to characterize all the smectite clay deposits available
in India for their basic physico-chemical and
mineralogical characteristics.
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Technology Transfer

During the period between August 2015 and
2015, BARC has
technologies to various industries. Technology Transfer
& Collaboration Division (TT&CD) co-ordinated these
technology transfers. The details are given below:

November transferred  Ten

A. "A rapid, continuous and renewable
method for production of the anti-cancer drug
Camptothecin” to M/s Sun Fruits Limited, Pune
on August 13, 2015.

This technology has been developed by Nuclear
Agriculture & Biotechnology Division(NA&BTD). It is
a Plant tissue culture method for the continuous and
enhanced production of the
alkaloid camptothecin using multiple shoot cultures
of Ophiorrhiza rugosa var decumbens. The yield of
camptothecin in the cultures is found to be 0.056 %
dry weight during a period of 35 days and the parent
plant contained 0.002 % dry weight.

anticancer quinoline

ARHA ATOMIC NES &0

Photograph after signing the agreement with M/s
Sun Fruits Limited, Pune, seen from left to right Dr
D. Fulzele, NABTD, Shri G Ganesh, Head TT&CD,
Shri Shivraj Bhosale, Managing Director, Sun Fruits
Limited, Dr Roja Gopalkrishnan, NABTD and Smt
Smita Mule, TT&CD.

B. “H,S Sensor with Monitor” Technology
was transferred to M/s Precision Instruments
&Electronics (Madras) Pvt. Ltd., Chennai on
August 13, 2015.

This technology was developed by Technical Physics
Division, BARC. A highly sensitive and selective H,S
sensor with monitor (Model: TPD-BARC 1050) suitable
for detection in 10-50 parts-per-million (ppm) range
is developed. The sensor exhibits a response (Rair/
Rgas) of ~ 500 (@ 50 ppm of H,S) and is selective to
H,S with a meagre response (i.e. < 10) towards other
interfering gases like NO, C,H,OH, CO, CO,, Cl,, SO,,

Photograph after signing the agreement with M/s Sun Fruits Limited, Pune, seen from left to right Dr D.
Fulzele, NABTD, Shri G Ganesh, Head TT&CD, Shri Shivraj Bhosale, Managing Director, Sun Fruits Limited, Dr
Roja Gopalkrishnan, NABTD and Smt Smita Mule, TT&CD.
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H, and NH,. The sensor is coupled to a digital monitor
that directly displays the H,S concentration in ppm.
The monitor has provisions for programmable alarm
set points.

C. "Laser Screen Projectile Velocity Meter
(LSPV)” Technology was transferred to M/s
Theta Controls, Pune, on August 24, 2015

This technology was developed by Laser & Plasma
Technology Division (L&PTD) through incubation with
M/s Theta Controls, Pune. The Laser-Screen Projectile
Velocity Meter (LSPV) is a non-contact, stand-alone
velocity measuring instrument based on time of
flight principle. In LSPV, two parallel optical sheets,
separated by fixed known distance, are used. It can
be used as a tabletop standalone single instrument or
with two parts having sensor unit near the projectile
path and display unit at control room connected
through fiber optic link. It is useful in Defense labs, for
the study of material properties like deformation with
known impact, to find out coefficient of restitution
of a material and for college experiments on gravity.

BARC NEWSLETTER News & Events

D. “Fluoride Detection Kit for Ground
Water (FDK)” Technology was transferred to
M/s Transchem Agriland Private Limited,

Vadodara, (Gujarat) on August 25%, 2015.

This technology was developed by National Centre
for Compositional Characterization of Materials
(NCCM), Hyderabad. This field-kit has been devised
for quick and easy estimation of fluoride in ground
water for establishing its suitability for drinking
purposes. The cost per analysis works out to be
nominal. The procedure is as simple as adding
a specified amount of FDK reagent to the water
sample to be analyzed and identifying the color
developed. The color develops instantaneously and
the distinction can be made with the naked eye.
Water sample can be immediately categorized as
being safe, marginal or unsafe for drinking
from fluoride point of view. Generally this kit
individual/
community level identification of safe groundwater

sources.

can be an excellent tool for

Photograph after signing the agreement with M/s Theta Controls, Pune, seen from left to right
Shri V. K. Upadhyay, TT&CD, Shri Raja P. Mahbubani, CEO, M/s Theta Controls, Pune, Shri B.S.V.G.
Sharma, Head, TT&CD, Shri A. S. Rawat, L&PTD, Shri S. N. Dutta, TT&CD.
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Photograph after signing the agreement with M/s Transchem Agriland Private Limited, Vadodara, seen from
left to right, Dr. Sunil Jai Kumar, Head, NCCM, Hyderabad, Shri S. N. Dutta, TT&CD, Shri B.S.V.G. Sharma,
Head, TT&CD, Dr. B. N. Jagatap, Director, ChG, Ms. Rakhee Gupta, Director, M/s Transchem Agriland Private
Limited, Vadodara, Shri Amol Pawar, Dy. Manager, M/s Transchem Agriland Private Limited, Vadodara, Shri V.

K. Upadhyay, TT&CD, Dr. S. Rangarajan, WSCD, ChG.

of Composite
Membrane for

E. “Preparation Polyamide
Reverse Osmosis Brackish
Water (BWRO) Desalination” Technology was
transferred to M/s Xpert Water Technology,
Ahmedabad (Gujarat), on September 215t2015.

This technology of was developed by Membrane
Development  Section, Engineering
Group, BARC. Reverse osmosis (RO) is an efficient

Chemical

desalination technology for providing safe drinking
water from brackish and sea water. Brackish water
desalination is very common nowadays as most
of the surface water available is brackish water.
With proper collection and utilization, the reject
stream can also be beneficially utilized. Membrane
is the key component of the desalination process.
BARC is engaged in the research and development
of membrane preparation, assembling in different
configurations and applications in various fields.
Earlier BARC has developed and transferred the
technologies for UF membranes. Technology for

rolling of these membranes in spiral module has also
been transferred. Present technology is developed
for thin film based composite polyamide membranes
and prototype 2512 spiral module. These membranes
are capable of removing 90% salinity from brackish
water (~feed concentration upto 3000 ppm). Using
the developed technology, commercial size flat sheet
membranes can also be made.

F. “Compact SMPS Based Triode Sputter
lon Pump Power Supply” Technology was
transferred to M/s Kamal Engineering Works,
Mumbai signed on October 19*,2015.

This technology of was developed by Technical Physics
Division, BARC. This supply can be used with Triode
Sputter lon Pumps having pumping speeds up to 140
lps and for Thin film deposition by DC magnetron
sputtering technique. Sputter ion pumps find
extensive use in high vacuum systems where a “clean”
vacuum is desired. They are used in scanning probe

microscopy and other high-precision apparatuses.
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Photograph after signing the agreement with M/s Xpert Water Technology, Ahmedabad, seen
from left to right, Shri V. K. Upadhyay, TT&CD, Dr. A. K. Ghosh, MDS, ChEG, Dr. R. C. Bindal, Head,
Membrane Development Section, ChEG, Shri Mehul H. Patel, Partner, M/s Xpert Water Technology,
Shri B.S.V.G. Sharma, Head, TT&CD, Shri S. N. Dutta, TT&CD

Conventional Sputter ion pump power supplies
tend to be heavy and bulky as they operate on the
mains frequency viz. 50Hz. The compact switched
mode triode sputter ion pump power supply made
in BARC is based on a half bridge dc to dc converter
operating at 20kHz resulting in a drastic size reduction
of around 75% over conventional mains frequency
operated ion pump power supplies. Our compact
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SMPS triode sputter ion pump power supply is
rated for an open circuit voltage in the range
of -6kV to -7kV with a short circuit current rating
of 200mA. This supply can power triode sputter
ion pumps of ratings up to 140 liters / second. A
microcontroller circuit is used to display the various
parameters, implement the Trip logic and provide a
PC interface.
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Photograph after signing the agreement with M/s Kamal Engg., Mumbai seen from left to right Smt. Smita
Mule, TT&CD, Dr. Amar Banerji, TT&CD, Shri BSVG Sharma, Head, TT&CD, Shri Hiren Panchal, M/s Kamal Engg.,
Shri Ramesh Panchal, M/s Kamal Engg., Dr. S. M. Sharma, Director, Physics Group, Dr. S. K. Gupta Head TPD,
Shri P. Abichandani, TPD, Smt N. B. Ved, Shri V. Perayya and Shri S. V. Choudhari from TPD.
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G. “Arsenic Removal from Drinking Water
Ultrafiltration Membrane Assisted Process”
Technology was transferred to M/s Centre for
Social Consulting India Pvt. Ltd., Mumbai, on
November 24* 2015.

Arsenic (As) is known to be a very toxic element and a
carcinogen to human. Even a trace amount of arsenic
can be harmful to human health. The World Health
Organizations (WHOs) current provisional guideline for
arsenic in drinking water is 10 ppb. In India, states like
Uttar Pradesh, Bihar, Jharkhand, West Bengal, Assam,
Manipur, mainly in  Ganga-Meghna-Brahmaputra
(GMB) plain covering an area of about 569749 sq km
with a population of over 500 million have reported
serious illnesses due to presence of arsenic.

The arsenic removal from drinking water by
process provides

decontamination of water with respect to arsenic.

physicochemical process for
BARC developed know how of ultrafiltration
(UF) based membrane technology for
decontamination with respect to microbiological

water

contamination at both domestic and community
scale is available for transfer separately. The present
technology is a novel Ultrafiltration (UF) membrane

Photograph after signing the agreement with M/s
Centre for Social Consulting India Pvt. Ltd., Mumbai,
from left to right, Dr. R. C. Bindal, Head, Membrane
Development Section, ChEG, Shri Soumitra Kar, MDS,
ChEG, Shri B.S.V.G. Sharma, Head, TT&CD, Shri S. N.
Dutta, TT&CD and Shri Sanny Kumar, Director, M/s
Centre for Social Consulting India Pvt. Ltd.
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assisted physicochemical process for removal of
arsenic from ground/surface water to make the water
safe for drinking.

H. Nisargruna Biogas Technology based on
biodegradable waste has been developed by
NA&BTD. The plant processes biodegradable waste
into biogas and weed free manure. It was transferred
to the following parties :-

e TheDuncan Hospital, Raxaul, Biharon 07.09.2015
e My/s. SS Electrical Works, Kalyan on 02.11.2015

e My/s. LAHS Green India Puvt.
09.11.2015

Ltd., Thane on

I. BARC through its Centre for Incubation
of Technology has signed the MoU with M/s.
Hari Krishna Exports Pvt. Ltd., Surat, (Gujarat)
for incubation of “Development of Diamond
Waste Powder Processing Methodology” on
September 21, 2015

"Development of Diamond Waste Powder Processing
Methodology”, is suitable technology for conversion
of process waste diamond particles into pure, sub-
micron sized diamond powder. During the processing
of natural diamond gem-stones, substantial amount
of sub-millimeter sized raw diamond waste particles
(CHURI) is generated, which is not suitable for
conversion into marketable gem stones. This waste
diamond is used for abrasive applications in other
industries. On the other hand, ultra fine, micron-sized
diamond powder is imported at a very high cost by
diamond industry for polishing natural diamond gem
stones. It is envisaged to convert the process waste
diamond churi into micron/sub-micron sized pure
diamond powder, which can be used for polishing
purpose and serve as an import substitute generated
out of the waste material. As per this incubation
MoU, R&D efforts will be undertaken at Chemistry
Division,
experiments carried out at Chemistry Division, have

to develop suitable technology. Initial
been encouraging and further work is in progress
with active participation of the incubatee (M/s. Hari
Krishna Exports Pvt. Ltd.,).
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Photograph after signing the agreement with M/s Hari Krishna Exports Pvt. Ltd., Surat, seen from left to right,
Shri S. N. Dutta, TT&CD, Shri V. K. Upadhyay, TT&CD, Shri Ketan K. Parekh, Tech. Head, M/s Hari Krishna Exports
Pvt. Ltd., Shri Sandip N. Sarvaiya, Coordinator, M/s Hari Krishna Exports Pvt. Ltd., Shri B.S.V.G. Sharma, Head,
TT&CD, Shri H.V. Patel, Adviser, M/s Hari Krishna Exports Pvt. Ltd., Shri Pintu T. Dholakia, CEO, M/s Hari Krishna
Exports Pvt. Ltd., Dr. B.N. Jagatap, Director, ChG, Dr. V.K. Jain, Head, ChD, Dr. V. Sudarsan, Head, MCS, ChD, Dr.
Dheeraj Jain, ChD, Shri Jiten Nuwad, ChD.

J. BARC through its Centre for Incubation
of Technology has signed the MoU with M/s
Shrinath Ji KayaKalp Remedies Pvt. Ltd.,
Raisen, (MP) for incubation of “Development
of Fluoride Removal Reagent” technology on
October 09, 2015

“Development of Fluoride Removal Reagent”
technology, is suitable for removal of fluoride from
ground water. Fluoride contamination in ground
water is a global phenomenon. Health of about 90
million people is affected due to presence of fluoride
in ground water and nearly 16 Indian states namely
Andhra Pradesh, Bihar, Delhi, Gujarat, Haryana,

Jammu & Kashmir, Karnataka, Kerala, Madhya

Pradesh, Maharashtra, Orissa, Punjab, Rajasthan,
Tamil Nadu, Telangana and Uttar Pradesh are affected
by this contamination.

A method has been developed at National Centre
for Compositional Characterization of Materials
(NCCCM), Hyderabad, to remove fluoride from
ground water. The method is a batch method
and has been tested at laboratory scale. In order
to develop the technology for regular application,
it needs to be tested in the field at larger scale.
As per this incubation MoU, R&D efforts will be
undertaken at NCCCM, Hyderabad, with active
participation of the incubatee (M/s Shrinath Ji

KayaKalp Remedies Pvt. Ltd.).
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Photograph after signing the agreement with M/s Shrinath Ji KayaKalp Remedies Pvt. Ltd., Raisen, seen from
left to right, Shri V. K. Upadhyay, TT&CD, Shri B.S.V.G. Sharma, Head, TT&CD, Dr. Sunil Jai Kumar, Head, NCCM,
Hyderabad, Shri Pawan Maheshwari, Director, M/s Shrinath Ji KayaKalp Remedies Pvt. Ltd., Dr. B.N. Jagatap,
Director, ChG, Shri S. N. Dutta, TT&CD.
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MoU signed between BARC and SCL, Punjab

Bhabha Atomic Research Centre (BARC) signed
a Memorandum Of Understanding (MOU) with
Semiconductor Laboratory (SCL), S. A. S. Nagar,
Punjab for development of ‘Large area silicon
detectors processing facility at SCL' on December
10, 2015. The 6” MEMS wafer processing Fabline
at SCL will be augmented to take up fabrication of
large area silicon based radiation detectors and the
production of various detectors designed by BARC will
be established under this MOU. Director E&l Group

emphasised the need for production facility in India
of silicon detectors required in various applications
viz. compact radiation monitoring instrumentation,
security imaging applications, medical and physics
research. Director, SCL assured full support in
achieving this.

The MOU was signed by Shri Y. S. Mayya, Director
E&IG and Shri Surinder Singh, Director, SCL at RCnD
Conference room, BARC in presence of senior officers
from BARC.
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BARC Scientists Honoured

e The Paper "Microscopic Origin of Net Magnetization in the Spin-1 Trimer Chain Compound CaNi,P,0, "
by AK. Bera and S.M. Yusuf from Solid State Physics Division Presented in the DAE-Solid State Physics
Symposium 2015 (DAE-SSPS-2015) held at Amity University, Noida, U.P. during 21-25 December, 2015 won

the Best Poster Award.

e The Paper "Determination of thermo-physical properties of (Th,Ce)O, MOX using classical molecular
dynamics simulations” by P.S.Ghosh, A.Arya, P.S.Somayajulu and G.K.Dey Presented in the International
Thorium Energy Conference (ThEC-15) held at Nabhikiya Urja Bhawan, Anushaktinagar, Mumbai during
October 12-15 2015 won the Best Poster Award.

e The Paper "Mock-up facility for AHWR fuel pin fabrication: A step towards fully automated fuel fabrication”
by S.Panda, Saurabh Gupta, A.Saraswat,Vijay Ahire, Sanjeev Sharma, P.S.Somayajulu, K. Jayarajan Presented
in the International Thorium Energy Conference (ThEC-15) held at Nabhikiya Urja Bhawan, Anushaktinagar,
Mumbai during October 12-15 2015 won the Best Poster Award

e The Paper "Alpha Autoradiography Studies of Thoria- Plutonia Experimental Fuel for Pu Homogeneity” by
K.V.Vrinda Devi, P.S.Somayajulu, J.N.Dubey, I.H.Shaikh, S.D.Raut, Jyoti Gupta, K.B.Khan and Arun Kumar
Presented in the International Thorium Energy Conference (ThEC-15) held at Nabhikiya Urja Bhawan,
Anushaktinagar, Mumbai during October 12-15 2015 won the Best Poster Award.

e The Paper " Characterisation of (Th,Pu)O, MOX fuel by analysis of Alpha images” by K.V.Vrinda Devi,

J.N.Dubey, I.H.Shaikh, Jyoti Gupta, P.S.Somayajulu and K.B.Khan Presented in the NIT (Dr.B.R.Amedkar
Institute of Technology), Jalandhar, Punjab won the Best Poster Award.
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