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Editorial Committee From the Editor’s Desk
Chalrman _ We have recently celebrated the 103 birth centenary of
Dr. Tulsi Mukherijee,

Director, Chemistry Group our Founder, Dr. Homi Jehangir Bhabha. On this occasion,
an in-depth analysis of our achievements in DAE was presented
Vice Chairman

Dr. N. Ramamoorthy by Dr. R.K. Sinha, Chairman, Atomic Energy Commission and

Senior Advisor to Director, BARC subsequently Shri Sekhar Basu, Director, BARC narrated major

Edited by achievements of BARC. The complete text (both in Hindi and

Dr. K. Bhanumurthy English) are covered in this issue along with various features

iz SlliD related to the event.

Associate Editors for this issue This issue also includes four Brief Communications and

Dr. S.M. Yusuf . _ . . .

Dr. PV Varde six articles. Special mention may be made of the article
“Non-invasive blood pressure monitor”.

Members

Dr. Tulsi Mukherjee The Editorial Committee congratulates Dr. Srikumar Banerjee

Dr. N. Ramamoorthy

Dr. D.N. Badodkar, DRHR
Dr. A.P. Tiwari, RCnD We are of the opinion, that the diverse R&D articles covered in
Dr. Madangopal Krishnan, MSD
Dr. A.K. Tyagi, CD

Dr. P.V. Varde, RRSD developments in other areas, but also arouse their curiosity.
Dr. S.M. Yusuf, SSPD

Mr. Avaneesh Sharma, RED
Dr. C. Srinivas, PSDD

Dr. G. Rami Reddy, RSD

Dr. S.K. Mukherjee, FCD

Mr. G. Venugopala Rao, APPD
Dr. A. Vinod Kumar, EAD

Dr. Anand Ballal, MBD

Dr. K. Bhanumurthy, SIRD Dr. K. Bhanumurthy
Dr. S.C. Deokattey, SIRD On behalf of the Editorial Committee

and Dr. Sandip Basu for their outstanding achievements.

this issue will enable the readers to not only get to know the
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HRIMIS fTaq - 2012

HITAER, 30 3feris) 2012

2. ¥ FAR 1981 3R FareH

TEH T,

3TTST &Y 370 GXATh SF. BIHT ST 1T i 39k
1033 57 f5a¥ 3 STaER T FFISIeT S e &q
TET R TS §U ¢ | &9 39 o i T fod o
T H T &, 3T 79 TR T 377 8Tt & HIEuseH
T ST o &, 310 Ae-HY & SFER 319 HEt
=i gitsTe (Repfersie) shidt &, T 370 SeTaeh %
T Rl FHRfEd A D G9 H W B g
F

T T AR TRAY ST HRET A &g e
ST Y, Tk 31T =Tt i, 7 ok ooy St feeam
o TS St 3T Aot difedl o T8 YuRgerar. FHd
o &, fome Wi forehrg | HecarqoT iRt et
2

ST et TS W PR €| S, o,
RS Ua SUFNT Gt faferee idfatest = g9 Ay
FHoTl o TEHT & Tt Tee]stt § Hewyul SueTreat
St T fereyel T ST e 3hi STl &1 € | S skt
TR ST U T STIHYM U foreqor e s
T wel Uieefed & | TeTaaT S §, ARt of AR
T <At & &t Sfeeh 91 ht =TIk STt bl ot T
T TH |

1. B SRR AT o AR el o 3T Goag
fohw TTu e Tiiienta for]d Sreshe oY FReR e
2 | & SR Ueh YUl AR S5 =15 i fiid
F H TART WM T SR T &, [k 37 &9
I R TR § SR it U Y Fehl, Al
T 2 e Heequl Je 81 foh &EH o STar &
FRT & SIEeRTeA 3ol et T Y ol | STrTferd
STETee So THTEAT bl IR St hidd, 7R [goaer
H Sl ST T8 JaTeroT fedrett st e | 7 d gAn
1 A Sl TRET § AR il bl Heeaqul Jfeeht
il

HYC] o T W SRS Siet & R ol TweTg
H YR & FROT BAR 39 § ATD foRle Seanee
ST ST el €, 3R 2010-11 F 29 forqa s
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ST 23% i IhE §S & | Ruse) Ft 379d o
JeTeRdT HY 83% W TEH 91% B T} & ek 3ad
TR &7 TR (FUfeet ) off 39 et %
TR 71% T TGH 79% & AT & | /IS 2012 H 540
HETe & e AT aRIqT RAT] fosteiier
e -3 (3-3) 7 522 fF T AT qA Ay
TR % | TP 1T TAR NUFedi § ¥ 39 3 Th a9
31T T IR TreTei ORT foa, S5 9 o & 500
T&aT & fereh T oRTAR T X fohar ot T
et S7aredt 590 T3 off | 78 TN TR el WefiTeht Al
TR i FETT Rl € |

FeT AT JaeleR UTeR HRURTH 311 e
fofiee (TAdieTEueT) 3711 9% fafis Te R agmT
TReT Rehre o A1 i Ruder et s I e | T8
3T A Toa-Toret STt o 25 =12 TR T Rusrex
THa R @1 &, STt Wifa, Heurshy § Uieieey
TR Siel RugeX & 707 7 30 ¢ | W9 fesie &
700 HTETE % TR SMied R a1 Ut (PHWRs),
FHTERIIR ORI | SR JedeeT IR | gef feord
T TR 2-2 Frfer RY e RueeRt st T Steser
% STIHR T 6T €, 3T T8 a9 2017 Tk T & S |
500 HIETE WY HRE siex 2 Rugex =t fwmor
T TS T W T Vel & | Ruaex o Heit o 3Uema
o AR oI Ffed, RuareX diiee s T we T
TfcfaterRT Tt 93 & T ¢ |

& | AT [T ScATe o &1 H S &FAaT-ToaoT
A I AR AR fEr € 1 3R gaior 9 il
et e | 9R fie-fie el ait eiaen |
TRER THIEA-1 3R 2. T TS | el hieai
1 31K 2, T § HIEl Siearel ehreat 1 31X 2 3R
SheTeeh | ST SehTeAT 131 2, T Tedeh el W) 700
HITETE i &7 aTet 8 Jifer RY arr Ruaex ST
TR TSRl € | Sk STeTTal He sited 2% Uy
I < 2 (TheeR-1 3R 2) 3R o qRY ae
Uy (U.09. 25, 31R) T[% X i Tellfaraat oo
AT TR {hT &, ST foh T TRETT bt WIeRy o
T R AR FRE fgd Rk o ey =RoT
& T U HE9 wiie & |
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T TS YISt o1 & foh 3197 GUR 9RA i W
TR TTEfTeht aTet 397 o &9 | [T 8, 3R §AR
TRt TR FrRisHT | HedlT &q TR 37 W@ &

AR 1000 HITETE, 3 gooh T RUER (TS 3TR)
o q 98 ol 10T T FeThe § T &l I |
THE-1 T TG I & IF B Ao § IR SR
e i FIERIFAT STTe 16T % 3% H & S GeT
gl

faelt T ¥ o R 99 el § 9 Ut W
1000 TIEE A1 3TY 3TTaH & goch UM NUFeR
(Te1. 50, 3TR), MG § FeAFerd (5. -3 3T
4), TERTZ W ST (S d.d-1 3R 2), 319 =
¥ ShieaTel TehTeai-1 3R 2 a9 TR | Hidh st °§
THIE-1 3T 2 A I o TR

IR SFeT0T 3 &1 T T ST et et
i & | TR ST SR Ue SFEEH MR &
T W, & I % T8 ST e | 9ol 8U 8,
3R et uier Aot | eAR TeaH T3 ReTd § ormenT
70% i TS I g8 & | TICTIoTH TSuieie § 397 i
T =gl JEw feuilse s o e &1 anedl
T W 72,000 2 IR i Te=H Al T
TER.E. A TeE | R Afener gifEm Rt @
S ¥ 2TEH S Torde e fawe i
3UFT foRar €1 59 WRIfiTeR! T R A et
Arelee AR SFaIN0T SRR % TSl feehr
Sl T ST ST & UL ST, & S99, 319, TR 37s)
REGES

T FRURTH S e ftiee (.41 372.1.)
SISt & H WS U el i TohetdTeish Tafeta
AT 3 @l & ° JHeIe! W Ud e & fmfor
T ol U7 TN YehTS THA | TRT {18 | TreTaectt
THGT ot SRR o T WRel AT T §
AT R 20, T Eee REE W e &
T AR AT Toed Rusest o Hufgel heex ¥ of
gfg Bt |

e YoR a1 fofiee (arrs. R 30w, ) Siifeen deq
HiTTRT, AR, TSI (37=RH) | 10,000 2 Aicad
&I T HITSTTEE AT T Tt o T & | 39



T i TS 2012 e SIS o ST STff € |
T 94T | Ied M foRet 9T FoIkee & Uh
AT o, 3ME.ANL.TA. o @R 3 fedlisH, 3o,
T GRT 3T Teet | Torer = giaemait st SuanT
Terehic 3o ST aTet foReT GaT STerTES o ScaTg
o fo1 TrivaRa feam ST |

g 2011-12 | A9 67 A (TI.OEHL)
TR giferd WRE O Rugedd (dh.oe. g, 91R.UE.)
#q 751 7 Wi A SR o9 W R
Scare feha, S T foreet o o Seuree & e 15%
31T & | TN, = 370 ek T 7 off 319
T T SAHRAT I [T & | TL.URE. = a1
TSISTOTERT o WA 3TegT YURTshicshel Sgeri | 47%
ATOHTTCTeRIE FRTCTT ST St o o1l oTedy STt HreiiiiTeht
T AT ¥ & TR TR ZRT Y% ol T T
URESHT o o1 Sher-617 TRIER S[at i Rebs
T H GheTaTgaish faehiee foaT, ST aRomas
-8 FAES (CO,) T I 26% FHH 2Tl |
et &t ® TR fomga s i 6e ue
TSRt frsremq shuiFel i STeRd Qi e 2 31
T.U%. . 78 GG O ol qarl o @1 €1

SR 31T ST &1 &, B8 310 STferd SR O Rusey
AR & AThIT e =5k Sl THETATIAD T FT
fear &1 e, faueamd 3 st wer & fop @
R-urafi ga= (Fs-2) 3 3109 vt o o1 uerer
P FRAYGYH & W [ HAT § 1 ARR § 5o
T g€ SANT T vTeT fafeithens JoTet (T.a.ug. -
2) 7 31 TR 2012 § HIT FAT IS HX AT & T
g ITAER & AR U & fafeihhr
(SHTEIRROT) H SR US¥ o T & | 39 T § T8
T UH 1 Frole e 82T o ShIIhH oh Aol AT
% TS, Ueel WA SHieiehiuT GiaEr (AVS-1) &
TRCTTEIh TSHHIRI-T = STeet ARt feehHmT-
ST I T I AR GTHAT i 3R I R 2 |
THR R0 T TRV SN s § g UeTeh o
Rueex (T =121 3TR. ) T FaTe B9 9 FH BT qn
TR AT ST o ATE-T1e 7R o 5 RUFeX
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HEHT | THARN TTIE AT SR & | WY HRE
sitex Rueex (9.0 5. 31R. ) & 3 $u GeaTaweell
& qIE-TR{urT (Post-irradiation) TRET ©, STiteh
112 Gwd/t & Iz -379 T Tga & fou
T2 3TR. H T IOt el 7 T, SIeTehiadT Sret
T g7 & I U121 3TR. 99 & fesmest o fmior
2] foar Soom gam €|

[t TreTerRTeT STRY U WS ol hE-UST Sehte
[T 3R AR TR S T 100% F 3117 &T9aT STt
T 3 & | 9TR) O &S 3 27 2 o ol el 3Teett
1 U FRAT R | 2GR 37T 16 2 38T 3Te9T Shia e
gl

3 TH-PR MDA & & § ORI e
ULUE.S.3TR. & o R & Talgd SR S [
HET AR TR i € | ATHHET S8 =56 8
TaeTTae (TTeaie) o Tay H R I 2, SRt 3R
TR S H -1 SEifes gieerst 1 sgd
3T I TE9 R 7 |

T T T SiiTen! s, SaR o1 322 Fshig
fafeReor & 6/12/2012 &t 2.5 GeV @i Fofl T
100mA T TR TETei i T TSI STAred TR g
TR | 36 $56-2 § ST fefeRioT ot i 10kev
T AT i X-FRT0T FHeTraat W 20 T 30 T[T el fear
| T8 add § TR o 9 §, itk 3o wt
T TN fooreeid =i, f5ieht g Nwetawe fagsm
H ot 39cTey TRl o1, e § fastad difae R
AR, UfEAHrRT =l 78 Urenfireht & Reere forar
2! I8 e gU g UgadT & foh o1t et | $eu-2
WS-SR SIS SreTereiet &t T & |
329-1 3R TS9-2 & & U Teeeer SO shHeT
5 3R 8 SHCATEA! o WY 24 H HH R €, AR
% g I STATSRATST & 1T 3T E | T8 30 AT
T 2 SO T St 2011 9§ S0 STANTRdreT
T T 164 BT E 3R STRIS STt H Wehierd
22 o IYANT AT ATAE! i T 72 & T

RS 7 -9 1.3 GHz SAfaareis 3IRU®
I T ol o1 ST BTG ol & | SR
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Teh! o THPET O TaUTdT (THRAIeRieT Ufete)
TR TUTET ShRe TR fo & | S 3TRT SR 3TTaeht
T &1 BT, T Tl ST HiifiTeh! sy oy, fergiorent
SeT-TafeRedT, TRt T TREINE fshamett (FeRuera)
3R SR SFTENT § SeeiE=1 TS Y T8 |
et | 377k 5T AW IR ekt Sifararetehdr arett
feferm hiad) st oRR-aifeeT ot 7 defmieh o Sooid
31T AT A Tk FeTT Ueh SR Uo2
3NTeE ferar T B |

RS Sotl ATgdeliei e (SHETT) HicThrar §
k-130 TH =R WRFAIA Tgd TS Ak | oA
T & IR I 98H W @ ¢, S i it
TR TG o Ta el T Uet ea-Teeieh
IS & STANT TRl T X1 & | S BT 81§ SHifereer-
14 TS UIeEa-40 i Ugell Afearafsha e o
o1 GieTd Ue R s | ST fema 7T § | et
H BT foh 5T W qoRehe e Aredeiie T o fore
Ao = e o ST Geited €1

TR R eeaie grEifeRt & (fie) 3 3t fewem
TG T bt Tt e o STATa UTgae A H
=t (09) ez T 0l festmes FmioT R vere= §
TErrdl i €| U8 SR B¢ G4 HET0TEH § 921 3=
3113 WEde SATHAT o AT FHAT AT T AR
o T € | TE T Fewistaret Aiesher aRasit, w4,
TR TR, Tel STgATSh 2T ATk STaT 3hT HEEaheoT
T € | T8 TAR T & WREI-URIETOT e TR
FEFT H IMRE S W E |

TR @I (309 H3R) & & H YR I Teelt
T geher TEeAZH thigfere! (MCF) Sit qifsi2 ufias
T (Te2t) & S8RT o Seae o ford SusTdt 7
T <l 7T oY, 7 39 T8 370 W U & 10
T R AU &1 T8 T i 91 € TR e
Afgehet TLAMT Tled, WRA | 39 TR T Fraemait
T GHTICR [ &1 T & | S TR | 16 Afgher
TRFALH TG 70 Uge-Hiet I 7, S AT A
eI 3y e T W@ R |

el & § & e ol g2 iemget (Tewed),
TATAUTH (T ZRIES UeT.0a. 9. THeH) 3R HIeHes
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(PTHRE FSAH FioiTEe) = T € STRH (FSH9)
T U707 fefa & oTeh fer St & ol TeT |
TR AT I 50 T T 37 AT i forega &
T I 3 T & 3R ! IS § T U e
i S st 3R o TRt @ & | e
ISt | G Bl TIREfed & Fiich Tqeh! T
fire srrgfen @ Geifua vt o wfthfera @ e

3o ST Wil § S3EUHTR SRt Fied TeTeRT
ST FEANT o HeAaed G S, 2SI hIcTgey
TR S TS HARMIE ol T A H HHATT
it | R R =it veromeen (fesaeRt) o forg
feedert & U eavas g A Fafed o 9
(STRYY) 3 Ferfeior 916 & T |

ST SATThT AT BT oh BRI STEE S %
2. 3791 O ol et W 34 M & forw &t
TERR T 3T ¢ | &9, usfar aRkar & & gar
TRERSH # § U I 39 U § a5 TRaraa
gl

e HHE [ T U & €, e e
2. AT T GG W TE AT g0 & | T R
ey H B At 7 foe R 51 9 1 1S A,
T RN &, 9 W 6 I AT €, au aed
STRET T3 T Wal T 7S TETH bl STE & | &1t T
T RESE (THATH.3ME.) H TAR oS o
TR O1.USLEl. kAT & St A H R
TSRO el T & |

T3 I8 Ghad X g0 95 TN & oF A SarEs
TR T §TRT e Weh ShTarct = &It ST et
Heee (waaieam.) & Fom ‘v § @ g
T e GETe forehd Harer™ § RUie ot WiiehR o
T e | ST Ue ST o Uk OIS - et
o AT | VTR ScHRdT U & THEIuAeE
T 1 5 fig @ ey SR T AR
AT G BN ST Ycieh Gehg-989 e & °
I Ue RS T ST R o | § 3] 3T




TR 3 G FeR e § R Sreaforen Scptedr ue
TRYH W TR W I {91 ST =T, a- T8
TAT B AT T 3T, WieN | fentaat % we-
TR T oA, STTHET SR 37 9T oh oo
e WeheT 1 | §H .54, 3 Gl o] At
T T AT BTN | BT TorTTe FoTeor & B e
F5 (Ta.aHue.g) fomnfeat @t faftue fomm
3TICIETE H ST o & ArIeTd o T8 € | AR-Se-
A, ST | S[ATE 4-16, 2012 TR SRS 539
ST T SIS | 6 Te&T YRAF 29
2 0, T ST 9eeh 3R T (01) MidseTe Seord
T TohaT |

T 31fl-37ft BAR foreT BT e o U 5 S
SUATET T TR Sooid AT €1 BARI Suaieaat
YT TSR Tl & | 3T H ST |1 3 SR
ST ST el & | TT 201 1 3 ST e repforn
eI o Ui fora ot fcfshar skt TRaee W&, et
39 ST ¥ R TG F T I AEH o o
e fear T €, F8t A e o o
T YIRT0T STEfRTeAI oA 329l ohT URT 3 &
ol GRET o Wid Foar 9 =ferd & 1 98 39 o9 9
TeAifd W €, 59 &9 @ € o FHRmE & a1
Ui fafis St A O Fo-fHiaa fuaey, e @ s
T | T AT MR |ied HE S 0 AR
Tl o TR ShIshH i STRT T §U &, 1 & AT
T W oft e SR § W@ &1 T8l W ARLIT
o ATATT STEAT 1 Seoid AT T &R, S
3T aTe J9TehT § farsd | AITeha foIsTell ohaR gfs
MW@ L

T ST % STaSIE FepiTET g F Weifud A
THET AT Sl SIS TR oh STHTH Sl STITEROT
% T2 ! TSI Te HUROME e § Hared e
W ARG STITIRAT HT (e [T & |
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BT & AT T .35, Tt =l fafva gergat 3 o7t
SHETRT Q Geitud Tfatates & sgd gfs # g, foaes
RO off TSR T @ & | g9 Hiear-asheid i Uk
T <Rl &1 ATTaTt o STfee e <hl ST i S
T 1 391 herel R T & e, Tooh! 31 STHE
Td eIToTeh e gRT Weitud fawe W ™
T W SR AL 1 FeoT, WA Ao | T
TE F TR FA § TAN Gforenstt o g 9
f7ehet! Tt BTT+TehIeh TTTal o S thedl e eRomeat
T T A H 7EE e |

37 foon § 3rrett niafaty €, adam Feuee s
TTeReRT B STl fre TWoRTaTs <hi 3Ttk 3o Arrsit
ol TIZIT TEaHT | 39 S H 35 0ot | Suered
AT AT ohT TR S Tal STEEH o 1T &
ol e S 2] U FIRTH TR ShiishH ahi 53T
FR &, ST U TSt i FHeiRa o, et
ST T AFET TR hIE 3R el &Il & | g8 vt
ST TiAtaredt § SR TEanT ot qorer
read

forr anferett, oRmTo] St feretm 3 270 i S9reh & o
3ies o e | 3T AT o e § I
AT 3 AT R fersar vt & | Tt ek g
Y T 3 st W T Hehed 7 g8 fved et €1
et 17 oAy & o TRAT0] St ferv T uRaR o Uik
T T R TeATAT o IR 9, 89 3T aret
IO H AR ScHTE T Soil | 3T ShishHT bl 37T
T | BH I8 AT TGN AT o 3T 39T T <hl
T H U i TS THN Tedeh SUCIed, arad | gaR
GEATIH 1. ETHT SRR A1 T fo9mT & 377 99-
TRt Sl GHRT SFGISTeT 21 |

S,

STafeR 1
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Founder’s Day 2012

Address by
Dr. Ratan Kumar Sinha
Chairman, Atomic Energy Commission &
Secretary to Government of India, Department of Atomic Energy

"Distinguished seniors, invitees and dear colleagues,

Today we have assembled here to pay homage to
our founder Dr. Homi Jehangir Bhabha on the
occasion of his 103" birth anniversary. \We celebrate
this day as Founder’s day and on this occasion take
stock of our recent performance, recalibrate our
actions vis-a-vis our road map and rededicate
ourselves to realise the vision of our Founder.

Dr. Bhabha created a blueprint for the Indian Atomic
Energy Programme and laid a solid foundation on
which successive generations of members of the
DAE family have built the superstructures that have
played an important role in national development.

The programmes pursued by our Department cover
almost all the scientific and engineering disciplines.
The specific activities addressing Research,
Development, Demonstration and Deployment have
given us the strength to provide a vast range of key
deliverables in all aspects of use of nuclear energy.
These programmes have helped the development
and growth of our industries and also several
research and academic institutions to cater not only
to the needs of our Department, but also to the
requirements of the country at large.

The Department continues the pursuit of three-stage
nuclear power programme, formulated under the
visionary leadership of Dr. Homi Jehangir Bhabha.
This programme underlines our strategy of adopting
a closed nuclear fuel cycle to extract the maximum
energy from the limited uranium resources, to
ensure sustainable nuclear waste management and,
above all, to achieve long-term energy security
through utilisation of thorium. With the rising cost
of imported fossil fuel resources and the mounting
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environmental concerns being raised the world over,
nuclear energy has an important role to play in the
energy security of our country.

Nuclear power generation in our country continues
to grow due to the improvement in supply of
uranium from domestic as well as international
sources, and in 2011-12, it has registered an
increase of about 23% over that generated in 2010-
11. The average annual availability of the reactors
has also increased from 83% to 91%, while the
average annual capacity factor has increased from
71% to 79% during the same period.

In March 2012, the 540 MW, indigenously built
Tarapur Atomic Power Station unit-3 (TAPS-3),
achieved a period of uninterrupted operation lasting
522 days. With this, till date, ten of our reactors
have had continuous runs of over a year, with three
of them registering over 500 days of continuous
run, the longest being 590 days. This demonstrates
the maturity of our indigenous technology.

In all, today, Nuclear Power Corporation of India
Ltd. (NPCIL) is operating twenty nuclear power
reactors at six different sites, with unblemished
safety record. It is currently constructing six new
nuclear power reactors at three different sites, while
BHAVINI is engaged in construction of Prototype
Fast Breeder Reactor at Kalpakkam. Construction of
four indigenously designed 700 MW PHWRs, two
each at existing sites of Kakrapar in Gujarat and
Rawatbhata in Rajasthan, is on schedule and these
will be completed by the year 2017. The
construction of the 500 MW Prototype Fast Breeder
Reactor (PFBR) is progressing well at Kalpakkam.
The construction and installation activities in the



Reactor Vault are nearly complete, with all the major
reactor equipment in place.

All this demonstrates our readiness to undertake
larger capacity expansion in the field of nuclear
power generation and hence in the XII Plan we have
proposed to launch eight PHWR reactors of 700
MW capacity each at four different sites viz
Gorakhpur Units -1&2 in Haryana, Chutka Units -
1&2 in MP, Mahi Banswara Units - 1&2 in Rajasthan
and Kaiga Units - 5&6. It is also proposed to initiate
activities towards the launch of two units of Fast
Breeder Reactors (FBR-1&2), and Advanced Heavy
Water Reactor (AHWR), which would be a
technology demonstration plant, for the third stage
of our nuclear power programme, with advanced
safety features.

It is a matter of great satisfaction that the world
today recognises India as a country with advanced
nuclear technology and is coming forward to
collaborate in our nuclear power programme.

The work on the construction of the first of the two
1000 MW Light Water Reactors (LWRs) at
Kudankulam is complete. The operation of unit-1 is
expected to commence shortly and the
commissioning of the second unit is expected to
follow early next year.

Light Water Reactors (LWRs), with international
cooperation, each of capacity 1000 MW or more
at another four different sites viz Kudankulam in
Tamil Nadu (KK-3&4); Jaitapur in Maharashtra (JNPP-
1&2); Kovvada Unit-1&2 in Andhra Pradesh; and
Mithi Virdi Unit-1&2 in Gujarat are also planned.

In the areas of Uranium exploration, the Department
has enhanced its activities. Due to the efforts of
Atomic Minerals Directorate for Exploration and
Research (AMD), we have been able to identify new
resources of Uranium, and in the last five years,
our identified reserves have registered a steep
increase of about 70%. The Tummalapalle deposit
holds the promise to be the biggest deposit of
uranium in the country. As of now about 72,000
tons of uranium deposit has been identified at the
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site. AMD has used the technology of Time Domain
Electro Magnetic system for finding deep seated
newer uranium reserves. Indigenous development
of airborne geophysical exploration equipment using
this technology has progressed well, both at BARC
and IGCAR.

Uranium Corporation of India Ltd (UCIL) has been
successfully operating mines and mills at Jaduguda
region and has constructed Tummalapalle Mine and
Mill in a record time of five years. With the
commissioning of the Tummalapalle mill, there
would be substantial improvement in the supply of
indigenous uranium, which will further increase the
capacity factors of our nuclear power reactors
operating on indigenous uranium.

The Indian Rare Earths Limited (IREL) is setting up a
10,000 ton per annum Monazite processing plant
at Odisha Sands Complex, Chatrapur, Odisha
(OSCOM). The plant is expected to be commissioned
by December 2012. A part of the mixed rare earths
chloride produced in the Plant will be processed by
IREL's Rare Earths Division, Aluva, Kerala, by using
the existing facilities there for producing separated
high purity rare earth oxides.

In the year 2011-12, Nuclear Fuel Complex (NFC)
has recorded a production of 751 tons natural
uranium based fuel for our Pressurised Heavy Water
Reactors (PHWRs), which is an increase of about
15% over the production in the previous year. NFC
has also achieved the highest ever production from
most of its plants. NFC has successfully developed
Inconel-617 seamless tubes in a record time for a
national project, initiated by the Government of
India, to establish the technology for Advanced Ultra
Supercritical Boilers in Thermal Power Plants, aimed
at achieving a thermodynamic efficiency of 47%,
with a consequent reduction of 26% in carbon- di-
oxide (CO,) emissions. NFC is now gearing up to
set up new plants to fulfil the needs of the fuel and
zirconium alloy components for the expanding
nuclear power programme.
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As you are aware, we have successfully closed the
nuclear fuel cycle for our PHWR programme.
Director BARC has just now stated that the new
reprocessing plant (PREFRE-2), has completed the
first year of its operation with outstanding
performance. The adjoining facility of our second
advanced vitrification system (AVS-2) at Tarapur
started functioning from 31t August 2012 and has
been giving excellent performance in the vitrification
of high level nuclear waste. In this context, | will
like to add that the successful decommissioning of
the first advanced vitrification facility (AVS-1) has
further underlined our technological strength to
undertake complex nuclear decommissioning tasks,
after the successful en-masse coolant channel
removal programme implemented at six of our
PHWRs.

At our Indira Gandhi Centre for Atomic Research
(IGCAR), the Fast Breeder Test Reactor (FBTR) has
continued to operate smoothly, providing valuable
operating experience as well as technical inputs to
India’s fast reactor programme. Post-irradiation
examination of the test fuel subassembly for the
Prototype Fast Breeder Reactor (PFBR), which was
irradiated in FBTR to reach a peak burn-up of 112
GW(d/t, has provided valuable data and generated
confidence in the design and manufacture of the
FBR fuel.

Performance of all the operating Heavy Water Plants
has continued to be excellent and the Heavy Water
Board has achieved more than 100% capacity
utilisation. HWB has executed three export orders
of 27 tons. In addition, two orders of 16 tons are in
pipeline.

In the field of other in-core materials, HWB has
successfully delivered the entire quantity of enriched
boron for the first core of PFBR. In respect of solvent
for nuclear fuel cycle, both the newly installed
industrial facilities at HWP Baroda and Talcher have
performed very well.

Indus-2 synchrotron radiation source at Raja
Ramanna Centre for Advanced Technology (RRCAT),
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Indore, reached a major milestone of operation at
design energy of 2.5 GeV and 100 mA current on
December 6, 2011. This has increased the radiation
flux available from Indus-2 by a factor of 20 to 30
at X-ray energies above 10 keV. It is really
praiseworthy that this has been accomplished with
the support of in-house developed new technology
of Solid State RF Amplifiers to replace two non-
functional klystrons, for which no replacements
were available from abroad. | am happy to say that
very recently the protein crystallography beam line
of Indus-2 has become operational. Indus-1 and
Indus-2, with their 5 and 8 beamlines operational
respectively, are working round-the-clock and
serving a large community of users in the country.
This may be evident from the fact that since January
2011, the total number of Indus users have gone
up to 164 and the number of papers published in
international journals using Indus to 72.

RRCAT has also made remarkable accomplishments
of building single-cell 1.3 GHz superconducting RF
cavities which have provided accelerating gradient
and quality factor comparable to international
standards. Next, as you would be aware that RRCAT
is making notable contributions in the area of lasers,
particularly in bio-medical, laser-plasma interaction
and industrial applications. | would like to mention
about their first ever development of new technique
of laser welding of superconducting niobium cavity,
for which an international patent has been applied
for.

The K-130 Room Temperature Cyclotron at Variable
Energy Cyclotron Centre (VECC), Kolkata has been
operating extremely well and delivering beams,
which are being used for various experiments on
nuclear physics, nuclear chemistry and radio isotope
production. It has been used recently to produce
and accelerate the first radioactive ion beam of
Oxygen-14 and Potassium-40. The superconducting
cyclotron, under commissioning at VECC, is
expected to deliver external beam soon.



The Board of Radiation and Isotope Technology
(BRIT), apart from operating two Radiation
processing plants, has helped in design, construction
and operation of nine radiation processing plants
in the private sector. Six such plants are under
construction and MoUs have been signed with
another eight private entrepreneurs. These plants
are processing disposable medical items, spices, pet
feed and ayurvedic & herbal products. They are
contributing towards food preservation and
hygenisation programme of our country.

In the area of health care, the first Medical Cyclotron
Facility (MCF) of India, set up in BARC for production
of tracers for positron emission tomography (PET),
has completed ten years of successful operation this
month. It is heartening to report the considerable
parallel growth of similar facilities in India, including
those in private medical institutions. Currently, there
are 16 medical cyclotrons and 70 PET-CT units in
India, providing nuclear medicine services to
patients.

Recently, two major experiments at the Large Hadron
Collider (LHC) at CERN, ATLAS (A Toroidal LHC
Apparatus) and CMS (Compact Muon Solenoid),
have announced the observation of a new resonance
which is likely to be the Higgs Boson. This state
has been searched extensively for almost 50 years
since its prediction and the discovery fulfils the
primary physics motivation for the existence of the
LHC project. DAE is proud to be a part of this quest,
in which its institutions have been involved for a
long time with participation in efforts related to the
LHC machine, the detectors, the experiments, as
well as Grid computing.

In high energy physics, strong international
collaborations involving TIFR scientists culminated
in the installation of the outer hadron calorimeter
at the Large Hadron Collider (LHC) in CERN,
Geneva. Fabrication of Resistive Plate Chambers
(RPCs), an essential part of the detectors for the
India-based Neutrino Observatory, has begun.
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As you may be aware, very recently Dr. Ashoke Sen
of Harishchandra Research Institute has received the
prestigious Fundamental Physics Prize awarded by
the Fundamental Physics Prize Foundation founded
by the Russian physicist and entrepreneur Yuri
Milner, for his work on string theory. We, in the
DAE family are very proud in this achievement of
one of our family members.

Human resource development is another area where
we have immensely benefited from the foresight of
Dr. Bhabha. However, the challenges posed by the
major expansion that we foresee in our programme,
new technological areas that we need to work on
and the external attractions necessitate new
initiatives. Homi Bhabha National Institute (HBNI)
continues to register large number of our scientists
and engineers for the PhD programme.

I am glad to inform that very recently a task force
set by Ministry of Human Resource Development
(MHRD) has placed Homi Bhabha National Institute
(HBNI) in category ‘A" and the MHRD has accepted
the report. Pursuit of academic excellence through
a rigorous programme of study and research should
be central to functioning of HBNI and it is possible
to do so if every faculty member imbibes excellence
and rigour in day to day working. | take this
opportunity to request all of you that academic
excellence and rigor has to be observed at all levels;
admissions, class room teaching, evaluation of
students performance in examinations, research,
publications including theses and evaluation of
research. We also have to continue to follow all
UGC guidelines as applicable.

Our Homi Bhabha Centre for Science Education
(HBCSE) has been training students to participate
in various Science Olympiads. Six-member Indian
team secured 2 Gold and 3 Silver medals and 1
Hon'ble mention at the 53rd International
Mathematical Olympiad held at Mar del Plata,
Argentina from July 4-16, 2012.

ISSUE NO. 328 | SEP. - OCT. 2012 | 9



BARC CELEBRATES FOUNDER’S DAY

Dear Colleagues,

| have just highlighted some of the major
achievements that have been accomplished by the
Department during the last year. While our
achievements have been impressive, let me share
with you some international experiences. The Global
response to the Fukushima accident of March 2011
atJapan, by and large, has been very mature. While
committing to learn complete lessons from the
accident to enhance safety, the growth prospect of
nuclear power continues to be driven by the
concerns of energy security to meet long term
developmental goals. This is aptly demonstrated
when we note that post-Fukushima, seven newly
constructed reactors in five different countries have
been connected to the grid, and that many
newcomer countries have decided to continue with
their policy for launch of nuclear power programme.
Furthermore, many countries, including India have
continued with their programme for expansion of
nuclear power, while simultaneously placing
additional emphasis on nuclear safety. It is, thus,
pertinent to note the latest IAEA projections, which
show a continued growth for nuclear power in the
world, in the coming decades.

Notwithstanding these indications, the Fukushima
accident underscored the urgency for satisfactorily
and sustainably addressing the issue of public
perception of relative benefits, vis-a-vis the risks of
nuclear energy.

In the recent past, the different units of the
Department of Atomic Energy have vastly enhanced
their public outreach activities with visible results.
We are also planning to hold a series of media
workshops and translate most of our public
information related material into regional languages.
This will also help in dispelling the myths concerning
the harmful effects of radiation arising out of
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operation of our facilities through due
dissemination, in a simple language, of the facts
based on the studies on related issues already carried
out in the country, not only by us, but also by other
research and academic institutions.

Another activity in this direction is to clearly identify
the very high margins of conservatism inherent in
the existing radiation protection philosophy. In this
direction, we have already initiated a science based
programme to consolidate the already available
scientific findings and identifying new areas of
research to address the thresholds, below which
no harmful effects of radiation do take place in
human beings. We are seeking international
collaborations in such research activities.

Dear colleagues, in our history of more than five
decades we have overcome numerous challenges
coming in the path of growth of our programme.
Each such challenge has given us a greater resolve
and determination to work even harder to overcome
the hurdles. | am quite sure that with the
contributions from every member of the DAE family
and our collaborators, we will carry forward our
programme with continued enthusiasm and vigour
in the years to come. Let us remember that each
milestone reached in our march to further progress
is, in fact, our tribute to our founder Dr. Homi
Jehangir Bhabha and the other pioneers of our
department.

Thank you,

Jai Hind.”
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Founder’s Day 2012 Address

Sekhar Basu
Director, BARC

“Dr Sinha, Chairman, AEC, Senior Members of the
DAE Family, Distinguished Invitees, Media
representatives, my Colleagues and friends,

| extend a warm welcome to all of you to the
Founder’s Day functions, commencing with this
event here this morning. Today we pay respectful
homage to our visionary Founder, Dr Homi Jehangir
Bhabha, on his 103" birth anniversary. We have
assembled here for introspecting on our
performance and achievements of the past year,
and rededicate ourselves to continue to do our best
in ensuring maximum benefits to our society from
nuclear applications.

To begin with let me tell you about the major
performance highlights and achievements of BARC
during the last year.

A.1 With KARP and PREFRE-2 in operation,
reprocessing programme has seen a turn
around and has achieved all time record in
capacity utilization. The new reprocessing
plant (PREFRE-2) has completed the first full
year of operation with outstanding
performance both in terms of production and

process parameters.

A.2 PHWR pressure tube (PT) ballooning
experiments were conducted simulating
stratified coolant channel during severe
accident scenario. The Pressure Tube heat-
up has been found to be arrested after the
contact between Pressure Tubes and
Calandria Tube, thus establishing moderator

as a heat sink for PHWRs.

A.3  Natural and enriched U-6wt% Zr alloy fuel
slugs meeting all specifications have been

produced by injection casting, and supplied

16 | ISSUE NO. 328 | SEP. - OCT. 2012

by

A4

A5

A.6

A.7

A.8

to IGCAR for sodium bonding and test
irradiation in FBTR.

Customized online radon monitors which can
operate accurately upto 95% humidity levels,
fitted with optional connection for pollutant
gas sensors (for CO,, CO, SO, and NO,) were
designed and fabricated indigenously and
installed at Turamdih mine. They are utilized
for the effective management of mine
ventilation system and optimization of
radiation dose to the mine workers.

A technology has been developed for long-
term preservation of fresh litchi fruit and
demonstrated to farmers in Maharashtra;
technology transfer has also taken place.

Atomic Energy Rules 2012 (Radiation
Processing of Food & Allied Products) have
been notified by DAE for publication in the
Gazette of India. The new rules will allow
enhanced commercial exploitation of the
food irradiation technology on a wide
product range for achieving sanitary and
phyto-sanitary standards in international and
domestic markets.

Under rain water harvesting program,
harvesting to the tune of around 300 million
litres annually has been implemented leading
to annual savings of Rs.100 lakhs by effective
utilisation of rain water from lake no. 11 in
Trombay foot hills.

A 100 meter long 30 kA hybrid Nb-Ti based
Superconducting Cable-in-Conduit-
Conductor (CICC) has been fabricated on a
2 meter diameter bobbin at AFD and was
despatched to Institute of Plasma Research.
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A.9

A.10

A.11

A.12

A.13

A.14

BARC is a part of Compact Muon Solenoid
detector team at CERN — LHC, which
discovered experimentally the Higgs Boson.
BARC team, in association with BEL, has
supplied more than 100 silicon sensors.
BARC scientists have been named in the first
paper published on the discovery of Higgs
Boson.

A large study of newborns from high and
normal level natural radiation areas of coastal
Kerala was recently completed. The frequency
of chromosome aberration and karyotype
anomalies between newborns from high and
normal radiation levels were similar and no
radiation dose related trend was observed.

Two compact pulse power systems, namely,
400 kev Linear Induction Accelerator and 300
kV compact pulse power system have been
developed based on high power magnetic
pulse compression switches and exploding
wire array switch respectively for high power
microwave generation. A 20kV, 40 kJ
electromagnetic forming and welding
machine was also developed using
synchronized spark gap switches for cold
welding for industrial and nuclear
applications.

Protein Crystallography beam line, to be used
by a large group of Scientists all over India,
has been commissioned at Indus-2, RRCAT.

An Isotope Hydrology Laboratory with
advanced equipment has been set-up at the
Himalayan Environmental Studies and
Conservation Organization, Dehradun to train
the local people for spring recharge related
studies.

BARC has designed, developed and deployed
the Secure Network Access System to
effectively address the requirement of sharing
information with “intent and purpose”, by
monitoring whether a registered user
conforms to the ‘policy and profile’ of usage.

With the high level of expertise a large
number of my colleagues carryout work
involving high technology in safe and efficient
manner. These include O&M activities for
reactors, waste management facilities,
medical cyclotron, isotope production,
breeder seed production, etc. Dedication of
my colleagues in this area is exemplary.

Scientific and technological excellence of my
colleagues results in receipt of significant
number of honours and awards every year.
But this year there is something special to
tell. Dr. Sandip Basu from RMC has received
the CSIR Shanti Swarup Bhatnagar prize in
Medical Sciences.

Now, | would touch upon some more achievements

at BARC, which are equally important.

B.1

B.2

B.3

B.4

B.5

B.6

For the ageing management of existing fleet
of reactors, a “Weld Inspection Manipulator”
has been built for inspection of welds in
Reactor Pressure Vessel and deployed
successfully in TAPS-1 for cleaning the
Reactor Pressure Vessel welds and carrying
out UT examination.

A consignment consisting of 8200 enriched
boron carbide pellets has been supplied to
PFBR for reactor control rod applications.

Our second advanced vitrification system for
high level waste at Tarapur, has become
operational and is giving excellent
performance.

BARC Channel inspection system has been
commissioned at TAPS-3&4 and ISI of 16
coolant channels of TAPS-4 carried out.

For PHWR life management wet scrapping
tool-lll and circumferential scrapping tool were
developed for coolant channels.

Fabrication of fuel plates for modified
APSARA commenced in January 2012. A
novel powder metallurgy process developed
to meet the required uranium loading and
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B.12

B.13

B.14
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roll-bonding technique is adopted for
fabrication.

Critical Facility for Advanced Heavy Water
Reactor (AHWR) and 540 MWe PHWR was
operated on 52 occasions for various
experiments.

High purity rare earth metals such as
lanthanum, cerium and praseodymium
which find application in nuclear, permanent
magnets as well as other high technology
areas have been prepared by electrowining
from their chloride salts by molten salt
electrolysis process.

A reduction—diffusion method has been
developed to prepare Samarium-Cobalt alloy
in laboratory scale.

Two more DAE Emergency Response Centres
have been established at Manavalakuruchi
and Mysore during this period.

Confectionery grade large seed Trombay
groundnut variety, TG 47 (Bheema), with 115
days maturity was released and notified for
commercial cultivation.

The solar powered Environmental Radiation
Monitor for open field installation under
IERMON program has been augmented with
facilities such as Local Area Network (LAN)
and Optical Fibre Based Communication
channels. The monitor has been integrated
with Automatic Weather Station developed
by ISRO.

A mixed alkali (Li-Na) based low melting
borosilicate glass formulation for preparation
of Cs glass source has been developed for
blood irradiator application.

Spot Picker Robot developed for RMC
accurately analyzes and identifies the protein
spots from 2D gel electrophoresis and
picks & transfers the proteins for analyzing
protein expression, thus enhancing data
quality in the field of proteomics.
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B.15

B.16

B.17

B.18

B.19

B.20

B.21

B.22

E.1

For Cargo Scanning applications, the
development of a 3/6 MeV Dual Energy
Compact Electron Linac X-ray source has
been completed.

A Force Reflecting Tele-robot representing a
new generation of remote handling
technology with advanced features has been
developed.

Four mass spectrometers were developed,
installed and commissioned at user sites.
They include Inductively Coupled Plasma
Mass Spectrometer, process gas mass
spectrometer, Thermal lonisation Mass
Spectrometer and Quadrupole Mass
Spectrometer.

The first indigenously developed Double
Crystal Monochromator which is a key
component in Synchrotron beam lines has
been commissioned.

To study materials at high pressure and high
temperature, a facility to raise temperature
upto ~3000 K of sample under pressure upto
a mega bar, in a diamond anvil cell has been
commissioned.

A high power RF system at 350 MHz was
designed, developed and successfully tested
at 60 kW with 67 % efficiency in Continuous
Wave mode.

Solid state amplifier technology development
is being done both at 350 MHz and 325
MHz using RF transistors. Recently, two
amplifiers at 325 MHz have been tested
separately at 1 and 3.2 kW power level with
an efficiency of 68 %.

Advanced Solar Energy Collector based on
array of line focusing reflectors and overhead
line cavity receivers has been successfully
commissioned at IDEMI, Mumbai, giving 8
kKW power.

During this period 20 technologies were
transferred by BARC. Some of these recently



transferred technologies include digital
radiotherapy simulator, banana tissue culture,
shape memory alloy making etc.

Excellent support from my colleagues in
administration, accounts, health care, fire
services, engineering services, security
organizations is appreciated by all. Without
these none of the above could have been
achieved.

"Dear Colleagues,

| am happy to inform that we launched a logo and
Brochure for BARC this year symbolising the
spectrum of our mandate and objectives. BARC
programmes and deliveries directly address nearly
all vital sectors of societal needs, namely, food,
water, energy, healthcare, industry, environment,
education and national security. It is not possible to
cover in a short time all the highlights of each and
every programme of BARC, collectively being
implemented by a team of over 15,000 employees,
leave alone the fact that | have not even made a
mention about the work of large numbers of my
colleagues in the strategic domain. Thus omissions
in my speech here today are mainly due to time
constraints and do not undermine the importance
of all work left uncovered.

Exposure to international scientific events is an
important component in grooming the young
scientists.
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Last year SMIRT-21, an important event in the field
of nuclear technology, was organized for the first
time in India. This was attended by around 600
delegates and helped many of our young colleagues
to participate in such an international event.

BARC has common programmes with all other units
of DAE. My request to all the units is that let us
make the interactions more focused and goal
oriented. We will walk the extra mile to make these
programmes a success.

In the last four months four things have
happened, which | am very happy about. The P-4
facility and the facility at Hall-8 have started
functioning after very long shut down. Again
with the operationalisation of second stream at
Advanced Fuel Fabrication Facility (AFFF), |am sure
fuel for PFBR criticality will be available in time.
I am very proud of these achievements. The fourth
thing is the co-operation extended by my colleagues
and our associations in improving the discipline in
the Centre. | thank all of them and wish continued
effort on their part in this regard.

Colleagues, on this very special day, let us once
again solemnly rededicate ourselves to continue our
professional pursuit of excellence and relevance in
the frontier areas of nuclear science and technology
for the betterment of life of the large population of
our nation.

Thank you all —Jai Hind.”
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24* DAE All India Essay Writing Contest

The DAE All India Essay Writing Contest in Nuclear Thirty two students made their oral presentations,
Science and Technology for students at the at the Old Yatch Club, DAE.

vine gl Bye v psialiss) oy e Depai et These students were taken to various DAE facilities

H H h
of Atom|c Energy in the year 1989. The_ 24" All that included BARC, Mumbai, BRIT at Vashi, Navi
India Essay Contest on Nuclear Science & Mumbai, ACTREC and Beam Technology Centre at

Technology for regular full time students studying Kharghar, Navi Mumbai and TAPS, Tarapur
for graduation in any discipline was organised in

2012. The three topics for this year’s essays were: Tive Essaly Comitesit slnness (egeles] piles fion

Dr. R.K. Sinha, Chairman, AEC.
Inall, 190 essays were received in English and Hindi

from students out of which 36 students were
shortlisted to make the oral presentation at DAE.

The first, second and third prize winners in each
topic were as follows:

Topic I: Fast Breeder Reactors for Sustainable Nuclear Power in India

Ms Sahana Mulla B.Sc (Physics) |, 15t Prize
Sullamussalam Science College
Kerala

Ms Jinan Haneef C. B.Sc (Physics) Il 2" Prize
Sallamussalam Science College
Kerala

Ms Hiba Haneef C. B.Sc (Physics) Il 3Prize
Sallamussalam Science College
Kerala

Topic 2: Societal Benefits of Non-Power Applications of Nuclear Science and Technology

Ms Saja Salam M. P. B.Sc (Physics) Il 15t Prize
Sullamussalam Science College

Kerala

Mr Varun Varghese B.Tech II, 2" Prize

Karunya UniversityCoimbatore,

Ms Ashwini Manjunath Bhatt B.Scl, 31 Prize
M.E.S, M.M Arts & Science College
Sirsi, Karnataka
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Topic 3: Lasers, Plasmas and Electron Beams for Cleaner Environment and Sustainability.

Mr Shreyas A. B Physiotherapy |, 15t Prize
ManipalCollege of Allied Health Sciences
Manipal, Karnataka

Mr Purohit Sumukh Anil B.Scll, 2" Prize
R P Gogate& RV Jogalekar College
Ratnagiri, Maharashtra

Ms Chaitra M. Kumbargoudar B.Sc I, 3 Prize
J S SBanashankar Arts, Commerce &
Shantikumar Gubbi Science College
Dharwad, Karnataka

The remaining participants were awarded consolation prizes.

Group Photograph of the winners with Dr. R.K. Sinha, Chairman, Atomic Energy Commission and the
Coordinators of the Essay Writing Contest

ISSUE NO. 328 | SEP.-0CT.2012 | 21



BARC CELEBRATES FOUNDER’S DAY

BARC NEWSLETTER

Industrial Safety Awards: 2011

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

Entries from the various Divisions/Sections/ Units
of BARC for the year 2011 were invited under three
different categories of units/facilities, namely,

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

Athorough scrutiny of the entries was 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.

Shri S.G. Markandeya, Controller, BARC and
Chairman, Industrial Safety Award Scheme
Committee and Conventional and Fire Safety Review

Committee announced the winning units for the
year 2011 as follows.

Advanced Fuel

Facility (A3F), Tarapur
FOTIA Facility, lon
Accelerator Development
Division(IADD)

A: Operating Plants
Fabrication

B: R&D Labs and
Industrial Units

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

On behalf of A3F, Tarapur, Dr. Mohd. Afzal, Head,
A3F, Shri P.G. Behere, Plant Superintendent, A3F
and Dr. Amrit Prakash, Safety Coordinator, A3F,
received the shield.

Dr. Pitambar Singh, Head, IADD, Shri S.K. Gupta,
Head, FOTIA Section and Shri Arun Agarwal, Safety
Coordinator, FOTIA Facility received the shield on
behalf of FOTIA Facility, IADD.

Dr. Pitambar Singh, Head, IADD, receiving the Industrial Safety Shield from

Shri Sekhar Basu, Director, BARC
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Release of the Founder’s Day Special Issue of
the BARC Newsletter

The Scientific Information Resource Division
publishes the Founder’s Day Special Issue of the
BARC Newsletter every year. It carries the R&D
achievements of BARC scientists and engineers for
which they received awards and honours at various
national and international fora, during the preceding
year. As in the last two years, this issue was also
published only in the CD format and all the award
winners uploaded their papers directly through a

special weblink created on the BTS. Out of the 64
award winning papers published in this issue, 36
were DAE Excellence in Science, Engineering and
Technology Award papers and the others were Merit
Award papers. The Founder’s Day Special Issue
carried the BARC logo for the first time on its front
cover. Shri Sekhar Basu, Director, BARC, released
the special issue.

From L-R: Sekhar Basu, Director, BARC, releasing the CD containing the Founder’s Day Special Issue of
the BARC Newsletter, Dr. R.K. Sinha, Chairman, Atomic Energy Commission and Mr. S.K. Malhotra, Head,

PAD, DAE
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Founder’s Day Guest Lecture (Highlights)
Growth of Neutron Scattering at Trombay:
a Tribute to Dr. PK. lyengar

by

Dr. B.A. Dasannacharya

Dr. Dasannacharya began his talk with glowing
tributes to our Founder, Dr. Homi Jehangir Bhabha
on the occasion of Founder’s day. Dr. Bhabha, the
visionary, laid the foundation for fundamental
research in BARC. Dr. Dasannacharya focused on
one such area of research: Neutron scattering. He
spoke at length on the beginning, the development
and the growth of Neutron scattering at BARC and
the contributions of several researchers in the field,
particularly Dr. PK. lyengar.

Sustained neutron research began in BARC in the
1950s under the guidance of Dr. Raja Ramanna,
after the 1MeV Cockroft-Walton generator was
commissioned at TIFR. Dr. PK. lyengar concentrated
on neutron scattering and after his initial training
on the TIFR accelerator, was sent for further
training to Canada under the Nobel Laureate
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B.N. Brockhouse, who was a pioneer on inelastic
scattering. After his return to India, he started work
on India’s first reactor, Apsara, which had become
critical. It was at Apsara that neutron beams were
exploited for studying condensed matter. The first
automatic diffractometer became operational
before 1960. Several papers were published in
peer-reviewed journals on neutron beam research.

Later, CIRUS reached criticality on Jan. 16, 1961.
Several instruments were installed at CIRUS. By the
end of 1961, the neutron scattering group at BARC
initiated work on the polarised neutron spectrometer
and the crystallography diffractometer, under
the stewardship of Dr. Satya Murthy and Dr.
Chidambaram respectively. Dr. Dasannacharya
described the initial efforts at BARC, to design and
develop diffractometers and inelastic scattering



spectrometers, for conducting experiments. At the
Second International Conference on inelastic
scattering in Canada in 1962, the initial results on
lattice vibrations in magnesium, measured on a
triple-axis spectrometer, were presented. All the
instruments at Apsara and Cirus were upgraded.
The Third International Conference on inelastic
scattering of Neutrons, held in Mumbai, saw the
culmination of efforts at neutron beam research in
BARC. Other experiments at BARC were conducted
on neutron scattering on liquid Argon, liquid
methane, phonon in Magnesium and anharmonic
nature of vibrations in NH,Br. Under the leadership
of Dr. lyengar, BARC became a leading centre in
the world on neutron scattering. After 1964,
the pace of R&D picked up with the polarized
neutron spectrometer becoming fully functional.
A computer-based automatic single crystal
diffractometer was developed by the Chemical
Crystallography group. More sophisticated control
systems for constant-Q measurements were built
leading to newer and better world class results.
A parallel development initiated by Dr. Ramanna
and Dr. lyengar was the Regional Collaboration
Agreement in the South East Asian Region, under
the aegis of the IAEA. Under this agreement, a
diffractometer was installed at the Philippines Atomic
Research Centre and several Scientists from Taiwan,
Thailand, South Korea, Indonesia and India were
trained, which resulted in the foundation of neutron
research in the region.

By mid-sixties, the neutron scattering group at
Trombay had received international recognition.
Pulsed neutron sources were being experimented
upon, for better quality neutron experiments. In
1967, a decision was taken to build a critical
experimental facility at Trombay, as a precursor to
help design a pulsed fast reactor at Kalpakkam.
Techniques angle scattering,
Interferometry, Spin echo spectrometry and the
concept of Delta T Window analyzer were

like small
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introduced and tested at Cirus. In fact, the design
of the Delta T Window analyzer was selected for
the pulsed neutron source being developed at the
Rutherford Appleton Laboratory (SNS) at that time.

The commissioning of Dhruva in 1985 further
boosted the capability of neutron beam research
by an order of magnitude. The next generation of
instruments with improved optics and beam
tailoring devices further improved experimental
efficiency. A diffractometer of an unconventional
design was installed at Dhruva. During this phase,
a large number of high Tc superconductors,
minerals, magnetic oxides, and alloys, liquids and
amorphous materials and some exotic systems were
studied using diffractometry, polarized neutron
scattering and depolarization, quasi-electron
scattering and inelastic scattering.

Under the UGC-DAE Consortium, the facilities at
Dhruva were made available to hundreds of scientists
from several universities. Thus in a time span of
five decades, neutron beam research had been firmly
established at BARC.

Dr. Dasannacharya concluded his talk with a tribute
to Dr. P.K. lyengar in the words of Dr. G.
Venkataram. “I, like many other first-generation
settlers of Trombay, owe you a deep debt on many
counts. You have led us, you have inspired us,
fought battles for us and also alongside us. You
have shown us that we could in fact do things, at a
time when many thought that it was not possible.
You demonstrated that all it takes is guts and an
abiding faith in our selves. This was the message
Raman gave to an earlier generation of Scientists in
India. We learnt it from you, especially by watching
what you yourself did. | am proud to acknowledge
my debt publicly and to express my gratitude to
you and | do hope that the values you hold dear
would be cherished by future generation of scientists
here and elsewhere in the country”.
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DAE (Excellence in Science, Engineering &
Technology) Awards 2011

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 2011 were given on the
eve of Founder’s Day on October 30, 2012 in BARC.
These were presented to the winners by the Chief
Guest, Dr. M.R. Srinivasan, Former Chairman,
Atomic Energy Commission.

The Awards were in the following categories:

1. Homi Bhabha Science & Technology Awards
2. Scientific & Technical Excellence Awards

3. Young Applied Scientist/ Technologist Awards
4. Young Scientist Awards

5. Young Engineer Awards

6. Group Achievement Awards

7. Special Contributions Awards

8. Meritorious Service Awards

I. 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 and one each from RRCAT and IGCAR.
Following were the award winners from BARC:

Dr. P. V. Ananthapadmanabhan, OS L&PTD,
BTDG

Dr. Ananthapadmanabhan made innovative and
original research contribution that has lead to
improved understanding of the phenomenon of
plasma spray processes followed by development
of plasma technologies for material processing in
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nuclear fuel cycle applications. He has developed
ceramic coatings for protection of critical
components that handle uranium and plutonium-
bearing alloys. His work on reactive plasma spray
processing is adjudged as highly innovative and
trend-setting which is evidenced by citation of his
papers by many international authors.

Dr. P. V. Ananthapadmanabhan receiving

the Homi Bhabha Science & Technology Award
from Dr. M.R. Srinivasan, the Chief Guest and
Former Chairman, Atomic Energy Commission

Dr. S. Kannan, SO/H, FCD, RC&IG, BARC

Dr. Kannan made excellent research contribution in
field of “Synthetic and Structural Chemistry of
Actinide Complexes”. He has synthesized a large
number of compounds relevant to the separation
of uranyl ion from nitric acid medium by using
various neutral ligands and characterized them by
various spectroscopic and single crystal X-ray
diffraction methods. He has established various new
modes of bonding for many well known extractants
used in actinide partitioning.



Dr. S. Kannan receiving the Homi Bhabha Science
& Technology Award from Dr. M.R. Srinivasan

Dr. D. C. Kar, SO/G, DRHR, DM&AG, BARC

Dr. Kar made outstanding contributions in the
indigenous development of equipment for the
diagnosis and treatment of cancer patients, especially
in the development of our indigenous teletherapy
machine ‘Bhabhatron’. He has been the lead
engineer in the development of the Digital
Radiotherapy Simulator for tumor localization,
radiotherapy planning and plan verification.

He is also leading the teams for the development
of 'Surgical Robotic System’ for minimally invasive
surgery and ‘Digital Mammography System’.

Dr. D.C. Kar receiving the Homi Bhabha Science &
Technology Award from Dr. M.R. Srinivasan

Dr. Archana Sharma, SO/H, APPD, BTDG, BARC

Dr. Archana made excellent contributions for
“Technology development in the Pulsed Power
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Electron Accelerator programme and its utilization
for compact high power microwave sources for
strategic applications”. Her major contributions
include the design and development of a 1.5MV,
25k) Marx generator used in KALI-5000 accelerator,
One kilo Joule Marx based repetitive High Power
Microwave (HPM) generator, and Linear Induction
Accelerator (LIA). Her contributions accelerated and
enhanced the pulse power programme for strategic
applications in the centre.

Dr. Archana Sharma receiving the
Homi Bhabha Science & Technology Award
from Dr. M.R. Srinivasan

Dr.Ram Kumar Singh, OS, RSD, RD&DG, BARC

Dr. Singh has made outstanding contribution in
computational and experimental structural
mechanics, wave propagation problems in solid and
fluid media, fluid-structure interaction,
computational fluid dynamics and heat transfer for
various thrust areas of the nuclear fuel cycle.

He has addressed important design and safety issues
of Indian PHWR / AHWR / BWR in-core components
and containments related to structural and thermal
hydraulics problems, and also safety evaluation of
Indian NPPs for extreme events of tsunamis and
earthquakes.
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Dr R. K. Vatsa, SO/H, ChD, CG, BARC

Dr. Vatsa made excellent contribution in the field
of “Nanoclusters & Nanomaterials”. He has
discovered multiple ionization leading to Coulomb
explosion at million times lesser laser intensities than
previously reported, which is a remarkable
breakthrough. He is also leading a group which
has made significant contributions in the area of
nanomaterials which have potential applications in

Dr. R K ingh iVi he Homi Bhabh . . .
5 (%) [UELF SILEIN SEEhie 9 (el (Eiklei drug delivery and as luminescent materials. He has

Science & Technology Award from

B VR S veel to his credit 120 research papers (H index of 17)
published in peer reviewed high impact factor

Dr. Amar Sinha, Proj. Manager, N&XPF, PG, international/national journals.

BARC

Dr. Amar Sinha, under his able leadership, has made
the Purnima neutron generator into a facility which
is being extensively used by several research groups.
To couple this generator, he has designed a novel,
compact and modular subcritical assembly for
developing a zero powered ADS system utilizing
polyethylene as moderator, beryllium oxide as
reflector and natural uranium as fuel. Dr. Sinha has
made major contributions in the application of
neutron generators for elemental characterization

. Dr. R.K. Vatsa receiving the Homi Bhabha Science &
and development of active neutron based methods

Technology Award from Dr. M.R. Srinivasan
for the detection of fissile materials.

II. Scientific & Technical Excellence Award
carries a Cash award of Rs 1 Lakh, a Citation and
a Medal. There were Twenty eight award winners:
Twenty one from BARC and two each from IGCAR
and RRCAT and three from VECC. Following were
the award winners from BARC:

1. Dr. S.N. Achary, SO/, ChD, CG, BARC

2. Dr. Parag M. Ahmedabadi, SO/F, MSD, MG,
BARC

Dr. Aniruddha Biswas, SO/G, FMS, MG, BARC

Dr. Amar Sinha receiving the Homi Bhabha Science Dr. Debabrata Biswas, SO/G, ThPD, MRG, BARC

& Technology Award from Dr. M.R. Srinivasan Dr. Anil Krishna Debnath, SO/F. TPD, PG, BARC

Dr. Shambhu Nath Jha, SO/G, ASD, PG, BARC

N WS> W

Shri Rajeev Keswani, SO/G, MFD, NFG, BARC
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10.
11.

12.
13.
14.

15.

16.
17.

18.
19.

20.

21.

Dr. Mukesh Kumar, SO/F, SSPD, PG, BARC
Shri P. K. Mishra, SO/G, LWRD, RPG, BARC
Dr. Paritosh Modak, SO/F, HP&SRPD, PG, BARC

Dr.(Smt.) Jyotirmayee Mohanty, SO/F, RPCD,
CG, BARC

Dr. Sukhendu Nath, SO/F RPCD, CG, BARC
Dr. Lalit Mohan Pant, SO/G, NPD, PG, BARC

Dr. (Smt.) Balvinder Kaur Sapra, SO/G, RPAD,
HS&EG, BARC

Shri Manoj Kumar Sapra, SO/H, RED, RDDG,
BARC

Shri T. V. Shyam, SO/G, RED , RDDG , BARC

Shri Ratnesh Singh Sengar, SO/F, DRHR, DMAG,
BARC

Shri S. P. Srivastava, SO/H, CDM, DMAG, BARC

Dr. T. Sreenivas, Head, MinPD, Hyderabad,
BARC

Dr. Hari Prasad Upadhyaya, SO/G, RPCD, CG,
BARC

Shri J.S. Yadav, SO/H, FRD, NRG, BARC.

Young Applied Scientist / Technologist

Award carries a Cash award of Rs 50,000/, a
Citation and a Medal. There were eight award
winners, all from BARC. Following were the award

winners:

1.

Shri Rajender Kumar Bhatia, SO/E, TPD, PG,
BARC

Shri Shiv Chandan , SO/E, APPD, BTDG, BARC
Shri Yogesh Kashyap, SO/E, N&XPF, PG, BARC

Sh. Venkata Pinaka Pani Kondapi, SO/E,
Comp.Div., E&IG, BARC

Shri Himanshu Kumar Poswal, SO/E, HP&SRPD,
PG, BARC

Shri S.V.L.S. Rao, SO/E, IADD, PG, BARC & Shri
Abhay Kumar, SO/E, CDM, DM&AG, BARC.
(Joint Winners)

7. ShriGirdhar Sharma, SO/E, RTD, RD&DG, BARC
8. ShriC.D. Sijoy, SO/E, CAD, E&IG, BARC/Vizag.

IV. Young Scientist Award carries a Cash award
of Rs 50,000/-, a Citation and a Medal. There were
eight award winners: five from BARC, two from
RRCAT and one from IGCAR. Following were the
award winners from BARC:

1. Dr. (Mrs.) Swathi Kota, SO/E, MBD, BMG,
BARC

2. Dr. Amit Kumar, SO/E (Shri Anil Jain), SSPD,
PG, BARC

3. Shrilitendra Kumar, SO/E, NABTD, BMG, BARC
4. Dr. Jahur Alam Mondal, SO/E, RPCD, CG, BARC
5. Dr. Arup Kumar Pathak, SO/E, TCS, CG, BARC.

V. Young Engineer Award carries a Cash award
of Rs 50,000/, Citation and a Medal. There were
twenty seven award winners: twenty four from
BARC and one each from VECC, IGCAR and BRIT.
Following were the award winners from BARC:

1. Shri Rohit Chandak, SO/E, SSPD, PG, BARC

2. ShriKinshuk Dasgupta, SO/E, REDS, MG, BARC
3. Shri Kaustubh Gadgil, SO/F, RRMD, RG, BARC
4

Shri Mohananand Jadhav, SO/E, CrTD, ChEG,
BARC

Shri Kaushal Jha, SO/F, ED&DD, MG, BARC
Shri Sachin C. Kadu, SO/E, RPD, RPG, BARC
Shri- Amit Kumar, SO/F, CnID, E&IG, BARC
Shri Subhankar Manna, SO/E, UED, MG, BARC

© @ N o W

Shri Darshit Mehta, SO/F, WMD, NRG, BARC

10. Dr. Abhishek Mukherjee, SO/E, FRMS, MG,
BARC

11. Shri Tarun Patel, SO/D, N&XPF, PG, BARC

12. Shri Avinash D. Patil, SO/E, CDM, DM&AG,
BARC

13. ShriParag A. Punekar, SO/F, RRMD, RG, BARC
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14. Shri M. Hari Prasad, SO/F, RSD, RDDG, BARC

15. Shri Abhijit Raha, SO/E, DD, ChEG, BARC

16. Shri Ramakant, SO/E, ED&CD, NRG, BARC

17. Shri Thaduri Ravinder, SO/D, RMP Mysore,
BARC

18. Shri Ramesh B. Sabannavar, SO/E LWRD, RPG,

BARC

19. Dr. Apu Sarkar, SO/D, MMD, MG, BARC

20. ShriK. Senthil, SO/D, APPD, BTDG, BARC

21. ShriRaj Kumar Singh, SO/D, RED, RDDG, BARC

22. Shri Kumar Vaibhav, SO/E, Comp.Div., E&IG,

BARC

23. Shri Shiju Varghese, SO/E RTD, RDDG, BARC

24. Shri B. Vishwanadh, SO/D, MSD, MG, BARC.

VI. 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 fifty seven
Groups received these awards. Out of these, thirty
five groups were from BARC, seven from IGCAR,
five from RRCAT, four from NFC, three from BRIT,
two from VECC and one from NRB, Kalpakkam.

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

1. Shri D. P. Chakravarthy, Head, APPD BTDG,
BARC

2. Dr.V.P.Venugopalan, SO/H, WSCD, CG, BARC
3. Dr. Falguni Roy, Head, Seis. Divn. E&IG, BARC

4. Shri Mohd. Afzal, Head, AFFF, NFG, BARC/
Tarapur

5. Shri S. Pradhan, SO/H, NRB, BARC
6. ShriR. D. Changrani, Ex-CPS, NRB, BARC

7. Shri Amitava Roy, Proj. Director, KNRPC, NRB,
BARC/Kalpakkam

8. Shri Mohan M . Kale, Incharge, Central
Despatch Section, PD, BARC

BARC NEWSLETTER

10.

11.
12.

13.

14.
15.

16.

17.
18.

19.

20.

21.
22.
23.
24,
25.

26.
27.

28.
29.
30.
31.
32.
33.

Dr. Satyendra Gautam, SO/F, FTD, BMG, BARC

Dr.(Smt. ) Savita Kulkarni, SO/F, RMC/BMG,
BARC

Dr. A. K. Das, Head, L&PTD, BTDG, BARC

Dr. G. Venkateswaran, Ex-Head, ACD, CG,
BARC

Shri K. T. Shenoy, SO/H, ChED, ChEG & Dr.
C.P. Kaushik, SO/H, WMD, NRG, BARC.

Shri Hanmanth Rao, Head, ChED, ChEG, BARC

Shri
BARC

C.S.R. Prasad, Ex-Head, ChTD, ChTG,

Shri R. L. Suthar , Ex-Head, CDM, DM&AG,
BARC

Shri S. B. Jawale, Head, CDM, DM&AG, BARC

Dr. Anurag Shyam, Head, E&ED, E&IG, BARC/
Vizag

Shri Ram Kishan, AD, ESG & Head, TSD, ESG,
BARC

Dr. Tapas Bandyopadhyay, SO/G, HPD, HS&EG,
BARC

Shri R. K. Fotedar, OS, FRMS, MG, BARC
Shri N. K. Mondal, Ex-SO/H*, PIED, BARC
Shri E. Ramadasan, Ex-OS, PIED, BARC
Shri Kailash Agarwal, Dy. GM, NRB, BARC

ShriY. Kulkarni, CPS & Shri V.K. Savarkar, GM,
NRB / BARC

Shri R. Koul, Head, ApSD, PG, BARC

Shri Prahlad V. Joshi, SO/G, RPhD, RC&IG,
BARC

Shri D. S. Pilkhwal, SO/H, RED, RD&DG, BARC
Shri R. J. Patel, Head, RTD, RD&DG, BARC
Shri R.R.S. Yadav, Director, RPG, BARC

Dr. Ram Kumar Singh, OS, RSD, BARC

Shri James Jacob, SO/H RMP/BARC, Mysore
Shri T. K. Bera, Director, ChTG BARC/Mysore
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34. ShriT. K. Bera, Director, ChTG BARC/Mysore 26. Shri A.S. Tapase, IAD, RC&IG
35. ShriV. Ram Prasad, SO/G, RMP, BARC/ Mysore. 27. ShriKiranJ. Jagtap, Director’s Office

28. Shri S. M. Pawar, PDD, RC&IG
VII. Special Contributions Award carries a cash
award of upto Rs. 50,000/, a Citation and a Medal. 29. Shri P. Girishkumar, PDD, RC&IG
There were eighty eight award winners; seventy 30. Shri S.P. Roy, PDD, RC&IG
eight were from BARC, five from DAE, two from
AMDER and one each from NFC, RRCAT and VECC.
Following were the award winners from BARC:

31. ShriT. Sathishkumar, PDD, RC&IG
32. Shri S. G. Sawant, PDD, RC&IG

1. DrTulsi Mukherjee, Director, Chemistry Group 33 Shri Ramesh G. Nimje, PDD, RC&IG

2. Dr. RM. Tripathi, EAD, HS&EG 34. ShriR. D. Sawant, PDD, RC&IG
3. Dr. PM. Ravi, HPD, HS&EG 35. Shri B. T. Jadhav, PDD, RC&IG
4. Shri A.lbungohal, PRPD, RG 36. Dr. K. Krishnan, FCD, RC&IG
5. Shri Alok Chaurey, PRPD, RG 37. Dr.(Smt.) M.J. Kulkarni, RCD, RC&IG
6. Shri Avjit Sarkar, MFD, NFG 38. ShriNadar S. Dharmraj, PDD, RC&IG
7. Shri S.S. Gotad, MFD, NFG 39. Shri M. Ramasubramonian, PDD, RC&IG
8. shri A.B. Chowdhary, MFD, NFG 0, S LG G, PR, REAE
Shri V. R. Nagvekar, MFD, NFG 41. Shri Kiran G. Kate, PDD, RC&IG
10. Shri B.K. Mondal, MFD, NFG 42. Dr. N.D. Dahale, FCD, RC&IG
11. ShriK. K. Abdulla, AFD, NFG 42k Dl B [ B, [RED), A
12. Shri Amit Sharma, AFD, NFG 44. Shri Priyabrat S. Mishra, Director’s Office
13. Shri C. B. Rai, AFD, NFG 45. K. Krishnan Unny, ED&DD, MG
14. Shri Surendra Kumar, AFFF, NFG 46. Shri K.N. Patel, ED&DD, MG
15. Smt. Geeta P. Vaidya, AFD, NFG 47. Shri D.T. Nalawade, ED&DD, MG
16. Shri D. Das, ED, E&IG 48. Shri P.P. Sawant, ED&DD, MG
17. Shri P. Lahiri, AD(V), ESG 49. shri N.D. Jadhav, ED&DD, MG
18. Shri S. V. Kulgod, Comp. Divn., E&IG 50. Shri N. K. Lawangare, APPD, BTDG
19. Shri Vivek Mahadey, Seis. Divn., E&IG 51. Shri Arun Dutta, CDM, DM&AG
20. Shri Saurabh Garg, EAD, HS&EG 22, Sl W 2 Paner; Qo BYRAE
21. Shri A. Ramaiah, IFA, BARC 53. Shri Mukul Biswas, CDM, DM&AG
22. Shri R. N. Pal, ESD(V), ESG 54. Shri T. Narayanan, LWRD, RPG
23. shri C.S.R.C. Murthy, Comp. Divn., E&IG 25 St 2 Goverele, WD GHC
24. Shri P. M. Kamble, RED, RD&DG 56. Shri V. K. Srivastava, DD, ChEG
25. Shri D. K. Nathani, RED, RD&DG 57. Dr. S. Prabhakar, NDDP & AUGF, ChEG

58. Shri Amit Sur, APD, MG
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59. Dr. K. K. Pushpa, RPCD, CG 7. Smt. Rajani Jagannath Hadkar, Ex-T/C, HMS,

60. Dr. N. K. Gupta, ThPD, MG MG, BARC

61. Shri G. Kondayya, ThPD, MG 8. Shri A.D. Kadam, F/C, RPhD, RC&IG, BARC

9. Shri K. Sai Kannan, Accounts Officer, AD,
Admn.Group, BARC

62. Shri U.D. Patil, RRMD, RG

63. Shri Rahul C. Bhangare, EAD, HS&EG
10. Shri R.K. Karmakar, F/C, RMD, NFG, BARC
64. Shri Pradyumna Lenka, EAD, HS&EG
11. Shri Shivaji Maruti Khade, T/G, CDM, DMAG,
65. Shri Alok Ramnivas Tripathi, HPD, HS&EG

BARC
66. Shri Sobhana Babu K., RSSD, HS&EG 12. Shri G.S. Kurhade, Asstt. PRO, PD, Adm.Group,
67. Shri Tej Ram Meena, RSSD, HS&EG BARC
68. Shri Khim Singh, RSSD, HS&EG 13. Shri P.B. Mestry, D/E, TDD, NRG, BARC
69. Shri Suresh Shankar Vichare, RSSD,HS&EG 14. Shri J.N. Parab, Sr.Tech.H, PIED, NFG, BARC
70. ShriHari Shankar Patel, RSSD, HS&EG 15. Shri Y.K. Tambe, F/C, PSDD, NRG, BARC
71. Shri A.M. Govalkar, RSSD, HS&EG 16. Shri K. Thambiah, F/C, CWMF/WMD, NRG,
BARC

72. Shri S. K. Singh, FRD, NRG
17. Smt. Mahalakshmi Venkatraman, Sr.PS, RCnD,
E&IG, BARC

73. Shri B.D. Kshirsagar, PD
74. Shri N.H. Shaikh, Director’s Office
18. Shri Sasikumar Warrier, SO/E, L&PTD, BTDG,
75. ShriR.A. Gharat, Director’s Office
BARC.
76. Shri Sachin Yatam, MFD, NFG
77. Shri B.N. Pisal, MFD, NFG

78. Shri M.M. Phondekar, ED&DD, MG.

VIII. Meritorious Service Award carries a cash
prize of Rs. 20,000/-, a citation and a medal. There
were 25 Award winners. Eighteen were from BARC,
6 from IGCAR and one from DAE Secretariat.
Following were the award winners from BARC:

1. Shri S. Aliappa , F/D, MDD, ChTG, BARC

2. ShriN. Aswathappa, T/B, NABTD, BMG, BARC
3. Shri A.N. Bagde, SA/G, ED&DD, MRG, BARC
4

Shri Sadanandan Banarji, Sr.Tech.H, RRMD, RG,
BARC

5. ShriV.S. Chandramore, Driver LVD Gr.I, KMG,
BARC

6. Shri D.M. Duldhar, F/B, AFD, NFG, BARC
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BRIEF COMMUNICATION

Ultrafast Dynamics Investigations: Development
of Femtosecond Time-Resolved
Infrared Spectrometer

Chemistry Group

In femtochemistry, studies of physical, chemical,
or biological changes are at the fundamental time
scale of molecular vibrations, the actual nuclear
motions. Normally, electronic transitions are strongly
broadened owing to the coupling with the
fluctuating solvent and hence relatively featureless
due to overlapping of different transitions. Spectral
shifting and reshaping caused by solvent
reorganization provide an ensemble averaged time-
correlation function for liquid motion. Therefore,
electronic spectroscopy can provide very limited
information regarding the microscopic structure of
the transient states and solute-solvent interactions.
More insight into the dynamics of molecular
Structure and dynamics can be obtained using
ultrafast structurally resolving techniques. Ultrafast
time-resolved vibrational spectroscopy by probing
the fingerprint vibrational modes (1 — 30 mm) has
several advantages over the electronic spectroscopy.
Vibrational transition can be correlated to specific
vibrational motions and hence conclusion can be

drawn on specific structural motifs in the molecule.
Narrow bandwidth (=10 — 20 cm™") ensures less
overlapping with the neighboring bands and small
molecular species can also be probed. Considering
the above aspects, a femtosecond time resolved
UV pump — IR probe transient absorption
spectrometer has recently been developed in
Radiation & Photochemistry Division, BARC. This
spectrometer uses 400 nm light pulses of 50 fs
duration to pump (or excite) the sample. An optical
parametric amplifier (OPA) — difference frequency
generator (DFG) system coupled to the femtosecond
laser system generates the probe pulses of 80 fs in
the 1-10 micrometer wavelength region. The probe
wavelength can be selected using an IR
monochromator. The instrument response has been
measured to be about 150 fs. The spectrometer is
currently being used for investigation of the
dynamics of hydrogen bonds in the excited states
of hydrogen-bonded complexes as well as charge
transfer dynamics in donor-acceptor molecules.
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Development of a 400 keV Radio Frequency
Quadrupole

Physics Group

Abstract

A 400 keV RFQ has been designed and built for CW operation at 350 MHz. It has been characterized for RF
parameters like frequency and field distribution at low power. The RFQ can be used to generate neutrons using

D+D and D+T reaction for ADS experiments.

It has been planned to develop a 400 keV, 1 mA, 4
vane deuteron RFQ operating at 350 MHz for
generating high yield of neutrons using D+T reaction.
Since RFQ focuses, bunches and accelerates the beam
with high transmission, it can replace an existing dc
accelerator at PURNIMA neutron generator at BARC,
to produce high yield of neutron. In view of this a
400 keV, 1 mARFQ for D+ beam has been developed.
The fabrication has been done at BrahMos Aerospace
Triruvananthapuram Ltd (BATL), Trivandrum under an
MOU.

Fig. 1: 400 keV RFQ with its vacuum
manifold. It has been tested for vacuum
of 4x10°° Torr

The RFQ has 16 tuners, 4 vacuum and 2 RF ports.
The resonant frequency of 350 MHz was obtained
with tuners inserted by 7 mm each. The power is
fed using 50 kW RF couplers designed and

Fig. 2: 50 kW Co-axial RF Coupler.
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developed indigenously (Fig. 2). The resonant
frequency of the RFQ was tuned to 350 MHz, using
bead pull measurement setup (Fig. 3). The

Fig. 3: The 400 keV RFQ with bead pull system

quadrupole field flatness within +=5% and overall
dipole contribution was < 4% of the quadrupolar
field was achieved.

The dipole modes were about 3.5 MHz away from
the fundamental quadrupole mode.

The RFQ is being coupled with the ion source and
Low Energy Beam Transport at Van de Graaff labs.

Fig. 4: LEBT test bench with solenoid magnets
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Tetrofosmin Kits for Myocardial
Perfusion Imaging

Radiochemistry and Isotope Group

Cardiac diseases are a major cause of human deaths
and next only to cancer; however, the mortality
rates could be reduced by early diagnosis of the
problem. Myocardial perfusion imaging (MPI) using
a radiopharmaceutical is a non-invasive
technique which provides information on cardiac
abnormalities such as coronary artery disease,
wall motion defects etc. well ahead of the
manifestations of the symptoms. MPI is a simple
procedure where the patient takes an injection of
the radiopharmaceutical under induced stress
followed by imaging under a SPECT camera for
about 15-20 min duration.

9mTc-tetrofosmin is an extensively used
radiopharmaceutical for MPI as well as forimaging
tumors such as differentiated thyroid carcinoma
and breast carcinoma. Radiopharmaceuticals
Division has developed a lyophilized kit for the
formulation of #"Tc-tetrofosmin using generator
eluted pertechnetate (Na**"TcO,). The active
pharmaceutical ingredient (API) of the Kkit,

tetrofosmin, was synthesized by using basic
chemical ingredients and in-house developed glass
apparatus which allowed handling of the pyrophoric
intermediates under inert atmosphere.

Several batches of tetrofosmin kits were prepared
and subjected to extensive physico-chemical tests
as well as biological tests to ensure pharmaceutical
purity to confirm the safety of the kit for use in
humans. Biological evaluation of #™Tc-tetrofosmin
was tested in Wistar rats to establish its efficacy to
target myocardium. The tetrofosmin kits yielded
sterile mTc-tetrofosmin with high degree of
radiochemical purity as estimated by HPLC. The
formulation of *™Tc-tetrofosmin using the kits is
done by addition of upto 200 mCi of generator
eluted pertechnetate to the kit followed by
incubation at room temperature for 20 minutes.
Based on the data collected from multiple batches
a regulatory approval was obtained from the
Radiopharmaceuticals Committee (RPC) for large
scale manufacture and supply.

Typical images of a normal myocardium obtained with **™Tc-

tetrofosmin kit developed by BARC
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Unveiling the Mechanism of Extreme Radiation
Resistance in Deinococcus radiodurans by
Comparative Proteomics

Bio-Medical Group

D. radiodurans, an extremophilic microbe (Fig 1A),
is listed in the Guinness Book of World Record's as
"the world’s toughest bacterium' for its
unprecedented resistance to all DNA damaging
agents including ionizing radiation (> 6kGy). It
possesses extraordinary DNA repair and oxidative
stress alleviation capabilities. Comparative proteomic
approach was used to elucidate mechanism
underlying its radiation resistance.

Following exposure to 6kGy gamma irradiation, D.
radiodurans undertakes an exhaustive repair of all
radiation damaged biomolecules during the post-
irradiation recovery (PIR). Cellular proteins harvested
from control and irradiated cells in different stages
of PIR were resolved by 2-dimensional protein
electrophoresis (2-DE). Throughout the initial 4h of
growth arrest, about 40 proteins displayed enhanced
or de novo expression in the irradiated cells as
compared to the control cells in the same stage of
PIR (Fig. 1B). These proteins were processed by
Matrix Assisted Laser Desorption lonization —
Time of Flight/Time of Flight Mass Spectrometry

(MALDI-ToF/ToF-MS) to obtain a peptide mass
fingerprint (PMF). Comparison of PMF with
MASCOT database (Matrix Science, UK) revealed
the identity of various cellular proteins.

The irradiated cells displayed increased abundance
of DNA repair and oxidative stress alleviation
proteins. A dynamic pattern of appearance and
disappearance of these proteins during PIR revealed
the chronology of multistep DNA repair process (Fig.
1C) comprising of (1) DNA template preservation,
(2) utilization of preserved DNA templates to build
exhaustive scaffold through strand annealing and
non-homologous end joining, and (3) final touch
up by high fidelity homologous recombination to
regain intact chromosomes with correct DNA
sequence (Basu B. and Apte SK., 2012, Mol. Cell.
Proteomics, 11, 1-15). Comparative proteomics is
a vital tool for capturing global cellular changes in
living organisms to gain functional insights into
stress response, metal/drug resistance, host-
pathogen interactions, cancer and other biological
phenomena.

Fig. 1: Gamma irradiation resistance in D. radiodurans. (A) (a) Colonies of D. radiodurans and (b) D.
radiodurans observed by light microscopy. (B) Cellular 2D protein profiles of control and 6kGy irradiated D.
radiodurans after 1h of PIR. Red arrows denote induced proteins. (C) Schematic representation of the multistep

DNA repair in D. radiodurans.
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Genetic Analysis of Type 2 Diabetes

Suresh KG Shettigar, C. Shailaja and Ratnakar K. Kulkarni
Cytogenetics and Molecular Genetics Section,
Pathology Unit, Medical Division

Abstract

Diabetes has intrigued geneticists for a long time, mainly due to variability in onset and familial clustering. In the
current study, we have tried to identify the role of few candidate genes and their variations in causing type 2
Diabetes. We have used the family-based method to study the transmission and inheritance of genes in diabetic
families. Single affected-parent and the proband with siblings where primarily taken for this study. We found
that INSR and GLUT4 have emerged as the main genes associated with T2DM and risk factors in our study
population. In addition, results also show that GLUT4 plays a major role in the family history inheritance pattern.

Introduction

Diabetes Mellitus (DM) is a group of metabolic
diseases characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action, or
both. The basis of the abnormalities in carbohydrate,
fat, and protein metabolism in diabetes is deficient
action of insulin on target tissues. Deficient insulin
action results from inadequate insulin secretion and/
or diminished tissue responses to insulin at one or
more points in the complex pathways of hormone
action. Impairment of insulin secretion and defects
in insulin action frequently coexist in the same
patient, and it is often unclear which abnormality
is the primary cause of the hyperglycemia. (ADA
position statement, 2010).

Diabetes has intrigued geneticists for a long time,
mainly due to variability in onset and familial
clustering. Diabetes can lead to both macrovascular
and microvascular complications. Myocardial
infarction, renal failure and stroke happen to be
few examples of the problems. Diabetes Mellitus
(DM) can be classified into Type 1, Type 2,
Gestational Diabetes Mellitus (GDM) and other
specific types. Type 1 is caused by complete
destruction of insulin producing cells by various
causes (mostly immune mediated). Type 2 Diabetes
may range from predominantly insulin resistance
with relative insulin deficiency to a predominantly

secretory defect with insulin resistance (ADA position
statement, 2010). The other types include
monogenic forms of diabetes like maturity onset
diabetes of young (MODY 1 - 11) caused by various
genes (HNF4A, GCK, HNFI1A, IPF1, TCF2,
NEURODT, KLF11, CEL, PAX4, INS and BLK
respectively). In addition to above, defectsin insulin
action, diseases of pancreas, endocrinopathies and
factors like chemicals, drug or virus (ADA position
statement, 2010) also cause some minor forms of
diabetes. Gestational diabetes is major health
concern in pregnant women; although mostly
transient, it increases the risk of getting diabetes at
alater age.

The genetic cause of MODY is fairly well understood
and Type 1 Diabetes Mellitus (T1DM) has been
known to be immune mediated, but Type 2 Diabetes
Mellitus (T2DM) is an enigma. Genetic studies of
T1DM have unraveled the role of HLA genes and
identified them as the major contributors for T1DM
(Todd. JA. et. al. 1987, Herr.M et. al 2000). T2DM
is a polygenic disease with complex inheritance
patterns. As the environmental factors play an equal
role in the development of the disease, the T2DM
is also known as multifactorial disease. T1DM form
less than ~5% of the diabetes cases, while the major
chunk about 92-95% is T2DM. Our study focuses
on the T2DM and looks into the genes and variations
observed in them. Although, various risk factors
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for diabetes differ between ethnic populations, the
risk conferred by a family history of diabetes is most
prominent. The cases of T2DM show 70%
concordance in twins and 40% occurrence when
one parent is diabetic or 70% occurrence when both
parents are diabetic and furthermore, a marked
maternal influence was also observed. All these
factors point to underlying genetic causes of T2DM
(Ridderstrale and Groop, 2009). Candidate gene
studies and GWAS (Genome Wide Association
Studies) had thrown up at least eighteen different
genes using the case-control approach (Saxena et.
al 2007, Zeggini et.al 2007 and Scott. et .al 2007)
with very little work being done using Family based
approach.

The diagnosis and prognosis of diabetes is quite
good and only a fraction of cases goes un-noticed
until a major episode like stroke or myocardial
infarction. Though the presence of family history
of Diabetes increases the risk, it is a challenge to
identify, at the genetic level, individuals who are at
risk. If the individuals at risk are identified at a
younger age, medical intervention can help them
lead a healthier and possibly disease-free life and
avoid health complications, which may be
debilitating and fatal.

Indian studies on diabetes have been few and most
of them are case-control studies. We have tried to
identify the role of candidate genes in T2DM in our
population using extended families. The advantage
of family based approach is that it takes care of the
population stratification caused by multiple
ethnicities. The study model is also powerful to pick
maternal and epigenetic effects, which is not
possible to be detected by case control approach
and keeps the sample size smaller when large families
are used. We have used large families rather than
trios (parents and one child) for this study. The
extended sibs (more than one child in a family)
increase the confidence of the study especially when
T2DM is a late-onset disease.

We selected genes from Insulin pathway, modifiers
of Insulin action and secretion and candidate genes
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reported by the GWAS studies. The present study
looks into the role of single nucleotide
polymorphisms (SNPs) at these genes as a factor
influencing diabetes. It also investigates the
underlying genetic predisposition to the common
risk factors in T2DM. The transmission and
inheritance of these have been studied in the context
of susceptibility to type 2 Diabetes and risk factors.

Materials and Methods

The current study uses candidate gene approach,
selected from 1) Insulin pathway- Insulin
receptors(INSR), Insulin receptor substrate 1(IRS1),
Glucose transporter 4 (GLUT4 or SLC2A4) 2)
Modifiers of Insulin action or secretion- Hepatocyte
nuclear factor 4 alpha (HNF4a), Calpain 10
(CAPN10) and Transcription factor 7-like 2 (TCF7L2)
3) Genes identified from GWAS studies in other
populations- Protein kinase N2 (PKN2), Proliferator
activated receptor gamma (PPARG), Insulin-like
growth factor 2 binding protein 2 (IFG2BP2), TWO
from INTERGENIC REGION, CDK5 regulatory
subunit-associated protein 1-like 1(CDKALT1), Solute
carrier family 30 (zinc transporter), member 8
(SLC30AS8), Cyclin-dependent kinase inhibitor-2A /
2B (CDKN2A /B), Hematopoietically Expressed
Homeobox (HHEX), Transcription factor 7-like 2
(TCF7L2), Potassium inwardly-rectifying channel,
subfamily J, member 11 (KCNJ11) and Fat mass
and obesity associated(FTO).

The subjects were chosen from the employees and
their family members of our institution, who are
catered for their entire life by BARC hospital. The
subjects were chosen based on inclusion and
exclusion criteria. About 5000 individuals were
interviewed and finally 79 families were recruited.
The data on lifestyle parameters including ethnicity,
food habits, activity levels, family history of DM
and complication resulting from DM,
anthropometric parameters and biochemical
characteristics were collected and stored in a
database.

Biochemical parameters like fasting and post
prandial glucose, cholesterol, triglycerides, glycated




hemoglobin and hormones like insulin- c-peptide
and thyroid hormones and cortisol were estimated
in the laboratory attached to our hospital.

Alleles can be bi-allelic, tri-allelic or multi-allelic.
Bi-allelic refers to the presence of any two different
nucleotides at a given position in the DNA sequence
eg- A/T, G/A etc.. triallelic means any of the three
different alleles can be present at the given
position.eg- A/G/C, T/G/C etc, while mutli-allelic
refers to the possibility that any of the four
nucleotides can occupy the postion in the DNA
sequence . SNPs from the selected genes were
identified from exons, splice sites, untranslated
regions and few introns. The dbSNP database at
the NCBI was the source of the information on SNPs.
Initially ~100 SNPs were selected and after the first
phase of genotyping on a group of reference
samples, the list was pruned to 52 SNPs based on
presence of polymorphism in our population. All
but one SNP were bi-allelic with one SNP rs3212210
from HNF4a being tri-allelic.

Genotyping was done on Sequenom platform
(MALDI-TOF), and data analyzed by PLINK, a whole
genome association analysis toolset, Family-Based
Association Test Toolkit (FBAT), Power-Based
Association Test Toolkit (PBAT) and trial version of
SVS 7.0 suite of Golden helix software, which is
PBAT with a graphical user interface and other
genetic analysis tools for family or population based
studies. The data was curated for genotyping errors.
This software analyses the inheritance and
transmission of variation from affected parent to
both unaffected and affected progeny. In addition
to the PBAT analysis (family based analysis), basic
allelic tests (analyzing all individuals as cases and
unaffected controls) and haplotype analysis were
also conducted on the data sets.

Results
Epidemiological parameters

Three hundred and forty three individuals from
seventy nine families were collected for the study
with average of 4.34 members (range 3 - 14). The
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population was dominated by the local
Maharashtrian ethnic population at ~58%, while
other major groups were from the states of Kerala,
UP and Tamilnadu. Mean age of the subjects was
55 yrs. Onset age peaked at 41-50 age groups for
men and women showed a steady plateau from
41 -80 years of age with slight increase from 61-80
years. Majority of the diabetic were on oral
hypoglycaemic drugs. Almost 60% of diabetic
individuals had a disease duration ranging from
1-12 years.

About 41 % males and 36% of females in the
families had diabetes, with ~40% of diabetics with
hypertension (p<0.05). The presence of diabetes
increases the risk of presence of hypertension (HTN)
among both males and females. The family history
showed that more people reported mother affected
(43.3%) as compared to father affected (39.3%).
The frequencies of mother affected were higher
compared to father affected in both normoglycemic
and diabetic individuals (p<0.001).This indicates a
slight maternal effect, which had also been noted
in an earlier epidemiological study conducted in
the laboratory.

The BMI analysis showed that ~82% of female
diabetic members were in overweight to obese
compared to ~70%
normoglycemic members (p=0.038). There was no
difference in the distribution among male diabetic
members and male normoglycemic members.

category female

Genetics studies

Generally the basic genotype tests, taking the whole
families as cases or controls, agreed with the PBAT
analysis. The significant alleles from the basic tests
were also many a times the significant allele from
the PBAT analysis. The heritability factor for any SNP
did not exceed 0.05 in our study, showing smaller
effects of the SNPs studied in our population.

The following table shows few important SNPs and
their association with Diabetes in different models.

In the current study rs1051651 and rs1799817 from
INSR is significantly associated with T2DM. The
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Table1:

Summary of epidemiological data. (Parameters with * mark are significant at p<0.05 level)

HWR-Height waist ratio, BMI- Body Mass Index, WHR- Waist to Hip ratio, FBS- Fasting blood sugar, PP-Post
Prandial sugar, Gly Hb-Glycosylated Hemoglobin , Chol- Cholesterol, LDL- low density lipoproteins, HDL- High
density lipoproteins, Trigly-Triglycerides.

Normoglycemic Family membersDiabetic Family Members

Male Female Male Female
HWR 0.54(+0.06)* 0.58(=0.08)*| 0.57(=0.06) 0.61(x0.06)
BMI 24.5(=4.1) 25.6(=4.5)* 25.5(%=3.6) 27.1(+4.2)
WHR 0.92(+0.10)* 0.88(+0.08) 0.96(=0.06) 0.89(+0.06)
FBS(in mg/dI) 87.6(=11.5) 90.1(=11.6) 149.9(=49.1) 148.4(=46.6)
PP(in mg/dl) 91.7(x£27.1) 99.4(+28.5) 215.0(+79.3) 197.0(+69.1)
Gly_Hb(%) 7.1(=0.9)* 7.3(x1.2)* 8.7(=1.8) 8.9(x1.6)
Chol(in mg/dl) 182.8(+40.6) 190.5(+40.3) 175.1(+36.1) 188.8(+44.7)
LDL(in mg/dI) 115.3(=30.7) 121.2(=32.8) 108.1(=30.6) 117.6(=33.1)
HDL(in mg/dl) 41.1(=7. 1) 46.4(+7.7) 41.1(=7.5) 45.4(+8.7)
Trigly (in mg/dI) 128.0(=78.9) 103.2(=47.4)* 150.1(=86.3) 133.3(=64.0)

Table 2: Consolidated results of PBAT analysis for Diabetes. Allele indicated is the ‘at risk’ allele . Additive
model: increased risk when two alleles are inherited compared to one allele. Dominant model: similar risk
when one or two at risk alleles inherited.

SNPid GENE Allele GENETIC MODEL P value
rs1051651 INSR C ADDITIVE 0.01
rs1799817 INSR C DOMINANT 0.02

rs5219 KCNJ11 T ADDITIVE 0.03

rs5418 SLC2A4 G ADDITIVE 0.01

rs5435 SLC2A4 C Heterozygous 0.001

Table 3: Association of SNPs from the SLC2A4 genes with T2DM and the risk phenotypes.(UTR- untranslated
region, BMI-body mass index, DM- Diabetes Mellitus, HTN- hypertension, parental- role in parental history of
T2DM, WHtR- Waist to Height Ratio, trigly- triglycerides).

rs5418(5-UTR)

rs5435(coding synonymous)

rs8082645(3’-UTR)

BMI BMI BMI
DM DM HTN
HTN HTN parental
parental parental WHIR
WH1R Trigly

WHtR

alleles C/T in rs1799817 cause a synonymous
change (Asparagine). The SNPrs1051651 is in the
non-coding region and in the 3'-UTR region.

In the current study, SLC2A4 has emerged as the
leading gene in terms of effect on T2DM and the

risk phenotypes.
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One of the interesting results of the study was the
differential transmission of alleles against the
background of parental history. The major allele of
SNP rs5435 was over transmitted in the case of a
positive paternal history, while major allele of rs5418
and rs8082645 was over transmitted in positive
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maternal history. This suggests a parent specific underlying mechanism of all the genes, which have
effect of certain alleles from GLUT4. GLUT4 is the been associated in diabetes, is yet to be elucidated.
insulin responsive glucose transporter active in Haplotype association study needs to have a larger
muscles and adipose tissues. Muscles and adipose population. A genome wide study needs to be
tissues are the major sites where glucose utilization conducted in our population to identify susceptible
takes place. The association of certain alleles of genes and their variations. Though few genes from
GLUT4 and INSR in the T2DM is certainly very other studies match our association studies, our
interesting and their role needs a detailed study. population specific genes are yet to be uncovered.
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Advanced Research on Master Curve for Safety
Assessment of Reactor Pressure Vessel
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Introduction temperature range (DBTT). In the transition range

Fracture toughness is the key input for designing, the value of fracture toughness is not only

monitoring and residual life assessment of Reactor temperature dependent but also scattered even ata

Pressure Vessel (RPV) components. The value of fixed temperature (Fig.2).

fracture toughness is influenced by geometry
(specimen/component), size (b, a/w), environment
(temperature, irradiation, corrosion) and loading
(strain rate). One major issue is the transferability
of the fracture toughness value obtained
experimentally from specimen to real application
level and another issue to track the change in the
value through the life due to environmental causes.
A lot of empirical and theoretical correlations to
capture the geometry, size and loading rate
dependence of fracture toughness are available and
already standardized into code. There are many
reasons (low temperature, neutron irradiation and
corrosion) for which material loses its ductility and

thus degraded. Therefore a key input into the
assessment of RPV integrity is the knowledge on 9.1 Typical CVN energy variation
variation of the material fracture toughness with

temperature and degree of irradiation. In last few
decades research has been focused to characterize
the temperature dependence of fracture toughness
and to extend the methodology to assess the material
degradation (embrittlement) by irradiation.

Charpy test data at different temperatures (Fig.1)
reveals that toughness of ferritic steels and others
begins to decrease with lowering of temperature
and become almost brittle at very low temperature,

exhibiting a transition range of temperature with in
which the behavior of the material shifts from ductile

Fig.2: Scatter of fracture toughness data in transition
to brittle. This is termed as ductile to brittle transition range
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The temperature dependent property of fracture
toughness, for cleavage and ductile fracture, is
widely used to analyze the structural integrity of
components. Such an analysis provide both,
sufficient safeties for the component and the
reduction of conservatism for estimation of the
critical states. At low temperatures, steel is brittle
and fails by cleavage. At high temperatures, the
material is ductile and fails by microvoid
coalescence. In the transition region between ductile
and brittle behaviour, both micro-mechanisms of
fracture can occur in the same specimen. In transition
zone the analyses use probability distribution
functions to describe the fracture toughness data
which vary from fully cleavage at lower temperatures
to fully ductile at higher temperatures.

Assessment of degree of embrittlement (reduction
in value of fracture toughness) plays the most crucial
role in advanced structural integrity assessment. This
embrittlement may be caused due to low
temperature as well as by irradiation, change in
microstructure or corrosion. The components in
nuclear power plants which are subjected to
irradiation or any other components facing low
temperature are required to be continuously
monitored for assessment of loss of ductility during
the operational life.

Therefore a comprehensive methodology to describe
the fracture toughness of structural steels
encompassing the ductile, ductile to brittle transition
(DBT) and completely brittle fracture influenced by
temperature, irradiation and other causes has been
attempted to be developed during the last few
decades.

Transition-Temperature Curve and Nil Ductility
Temperature (NDT)

The notched-bar Charpy impact tests are conducted
over a range of temperatures to generate Transition-
Temperature Curve [1] so that the temperature at
which the ductile-to-brittle transition takes place can
be determined. A well-defined criterion is to base
the transition temperature on the temperature at
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which the fracture becomes 100 percent cleavage.
This point is known as nil ductility transition
temperature (NDTT). The NDTT is the temperature
at which fracture initiates with essentially no prior
plastic deformation. Below the NDTT, the probability
of ductile fracture is negligible. Later another
reference temperature for nil ductility for transition
(RTNDT)
the Charpy Impact energy for failure is observed to
be equal to 41J. If a material is embrittled then this
reference temperature will be increased and the shift
in this temperature can be a measure of degree of
embrilltlement. ASME Code K curve characterizing
for static crack initiation and the K/ K, / K curve
for dynamic crack arrest are based upon an approach
that utilizes a material normalizing and indexing
parameter, RT, . By establishing appropriate RT
the K _ curve can be positioned appropriately for
use in RPV integrity assessment. The appropriate
position of K _curve forirradiated material can be
adjusted by finding RT, - of irradiated material. The
shiftin RT, . is the measure of loss of ductility due
to irradiation. The adjusted K_curve is to be
considered for structural integrity analysis at this
stage. However, the ASME Code fracture toughness
curves, K_and K, are lower bound curves that are
not based on probability assessment and hence very
much conservative.

was defined as the temperature at which

Later, Wallin developed (adopted in ASTM E 1921-
02) [2] specifically to provide a measurement of
fracture toughness transition temperature (T,) that
properly accounts for specimen size, strain rate (over
a range of nearly static loading rates), and specimen
notch acuity (fatigue pre-cracked). This Master
Curve procedure to determine T provides a more
reliable prediction of actual material behavior. The
master curve defines both the variation of the
median value of fracture toughness with
temperature and the scatter of fracture toughness
about this median value. The master curve together
with an ASTM E1921[3] reference temperature (T )
value defines the complete transition fracture
toughness curve in a manner appropriate for use in
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both probabilistic and deterministic analysis. In the
master curve method, a fracture toughness curve is
determined by a single parameter that establishes
the position of the master curve on temperature
scale. This parameter is termed as T, and is defined
as the temperature at which the median fracture
toughness for 1T-CT fracture toughness specimen
equals 100 MPa
is also used to construct a bounding curve on the

[4]. The master curve method

fracture toughness. Typically a bounding curve with
a 95% degree of confidence is used as lower bound
on the fracture toughness values. This implies that
95% of all fracture measurements should fall above
the confidence/ tolerance bound.

Wallin [5,6] described the cleavage fracture
toughness behaviour in the lower ductile-to-brittle
transition (DBT) range of ferritic steels. Using the J-
integral-based cleavage fracture toughness, K , it
was demonstrated on many materials that the
temperature dependence of the median fracture
toughness has a unique shape, the so-called *"Master
Curve' (MC), which can be adjusted with a
reference temperature T . The MC approach

postulates four assumptions:

e thestatistical analysis using a three-parameter
Weibull distribution,

e the statistically derived specimen size
adjustment,

e aunified temperature dependence and
e material homogeneity at the macroscopic level.

In this analysis, the scatter of fracture toughness
value in DBTT is explained assuming that cleavage
fracture in the transition range is initiated at the
randomly distributed nucleation sites in the material
matrix and followed by crack propagation. The
factors (temperature, thickness, loading rate,
irradiation) influencing this phenomenon make the
fracture to be probabilistic. The fracture toughness
is not a definite value rather for each value of fracture
toughness there is a value of probability of failure.
Itis derived theoretically and verified experimentally
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that the scatter is best fitted by Weibull
characteristics.

The basis of the master curve approach is a three
parameter Weibull model which the relationship
between K _and the cumulative probability failure

P

4
P, =1-exp —[—K’c K ]
K,-K

B

C
|

=

where, KJ’C =

where K _is the fracture toughness corresponding
to P, K is the scale factor of Weibull distribution
and is the value of fracture toughness corresponding
to 63.2% cumulative failure probability and K is
the lower bound fracture toughness.

From experimental and theoretical observations it
appears that for all ferritic steels, the value of
Weibull modulus is best fit at 4 and the value of
K ., can be taken as 30 MPa"m. Therefore, for a
particular steel the value of K _is to be estimated
experimentally from J-R curve test. The distribution
of fracture toughness value at a particular
temperature is completely available by the values
of K. Using maximum likely-hood principle and
Weibull distribution the value of K is determined

from the following equation:

K, = |:i (KJC(:'I_Kmin)dj|1/4 ‘K.

’

~ N min
where K s are determined from experiments with
different specimens and N must be at least six .

Then K

Jcmey 1S COmMputed by the equation,

- In this way K,

can be determined at different test temperatures.

The variation of K , With temperature is

JC(med
observed to be best fitted exponentially as

K yomety = 30+ 70 exp[0.019 (7 - 7, ]
Where 7 is a reference temperature at which the
median fracture toughness of 1T-CT fracture

toughness specimenis 100 MPa . For specimens




with other thicknesses the following equation is used
to compute 1T-CT equivalent fracture toughness

174
B
Kucary = Knin + |:KJC(X) - Kmin:| [&—XJ
;

Once the value of K is known from the

JC(med)
experiments at a single temperature T, the value of
T, can be obtained from the equation. Then the
Keimeey VS temperature (T) curve for the material
can be plotted from a single temperature test results.
It is observed that the value of K,
temperature in such a way that the value of 7,does
not alter for a particular material whatever the test
temperature be. After estimating 7, and fitting the
scatter in the transition range by Weibull
distribution, it is possible to estimate the whole
transition region curve by means of the master curve
and tolerance bounds. The upper bound (95%) and

lower bound (5%) curves are expressed using the

varies with

following equation,

1
KJC(O.xx) =20+ |:ln(1 Oxx

where, 0.xx is the cumulative probability level.

)]"4{11+77exp[0.019(T—T0)]} ,

Besides, from the similar results of other ferritic steels
it also observed that, the shape of the curve remain
unaltered for any ferritic steel and only the value of
7, varies for different material. Thus the curve
represented by the above eqn. is valid for any ferritic
steel by appropriately positioning in the temperature
axis by the corresponding 7,. Therefore this curve
is the Master curve for fracture toughness of Ferritic
Steels in ductile to brittle transition temperature
(DBTT) range. Hence 7, is the single parameter which
along with the Master curve can describe the scatter
and temperature dependence of fracture toughness
in DBTT range for any ferritic steel. Thus 7, is the
measure of ductility or brittleness of a material in
the transition range in Master curve methodology
which can be measured by determining fracture
toughness K of at least six specimens at a single
or multiple temperature(s). Here remains the
significance of Master Curve and reference
temperature 7,in advanced structural integrity. The
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embrittlement (loss of ductility or reduction of
fracture toughness) of a material due to induced
radiation or temperature can be assessed by
measuring 7, of the material at that status. The ease
of the method and requirement of small number of
experiments establish the usefulness of this Master
Curve approach for surveillance program. The
different observations and recommendations
regarding Master curve of fracture toughness in
DBTT range have been explored in last two decades
through organized experimental and theoretical
research activities under the guidance of IAEA [7].
The test methodology, specimen standard, guidelines
for censoring and size limit, computation of K
test environment have been described in ASTM E-
1921.

Experimental Work

As a part of research investigations on Master Curve,
large number of experiments has been carried out
on 1T & '/2 T CT specimens at temperature range of
RT to -140°C in collaborations with Jadavpur
University (Kolkata). The important observations
related to Master curve have been explored for the
RPV material 20MnMoNi55 and results are discussed
below. The test results and observations can be
significant for the structural integrity analysis. The
major objectives of the projects were to:

(i) Determine the fracture toughness K of the
material from 20°C to -140°C from J-R test results
of 1T and "2 CT specimens, (ii) Determine K. vs.
temperature distribution, (iii) Evaluate 7, using multi
temperature and single temperature methods for
varied thickness, test temperature and a/w ratio,
(iv) Study the effect of computation method, test
temperature, test temperature range, specimen
thickness, a/w ratio on 7, and Master curve in the
transition range.

The matrix of the various samples from which Master
Curve and 7, have been evaluated is as shown in
Table 1. Fig.3 shows the photograph of test set up.
Figs. 4-17 show the Master Curve and 7 for various
test parameters.
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Table 1: Test matrix, sample details, test temperature and 7, values

Sample [Sample | Specimen Thickness, mm | a/W ratio Test 7,(°Q) Remarks
no |[size (N) Temp.
(°0)
1 06 1TCT 25 0.45-0.50 -132 Invalid
2 06 2 TCT 12.5 0.50-0.54 -80 °C —127 Fig. 4
3 12 1IT& % TCT | 25,12.5 0.45-0.54 -130 Fig. 5
4 06 2 TCT 12.5 0.50-0.54 -100°C -125 Fig. 6
5 09 1IT& % TCT | 25,12.5 0.45-0.54 -123 Fig. 7
6 09 1T-CT 25 0.45-0.50 -130 Fig. 8
7 06 2 TCT 12.5 0.50-0.54 -110°C -130 Fig. 9
8 15 1IT& % TCT | 25,12.5 0.45-0.54 -130 Fig. 10
9 24 1T-CT 25 0.45-0.54 -80, -100, | -129 Fig. 11
-110,
10 21 L TCT 12.5 0.45-0.54 -120, -126 Fig. 12
-130 &
11 45 1IT&'ATCT | 25,12.5 0.45-0.54 —140°C -129 Fig. 13

Fig.3: Photograph of 100 kN grip capacity Universal testing machine with low temperature test set up
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Fig. 4 Fig. 7
Fig. 5 Fig. 8
Fig. 6 Fig. 9
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Fig. 10 Fig. 13
Fig. 11 Fig. 14
Fig. 12 Fig. 15
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Fig. 16

Analysis of Test Results and Observations

From the test results, following observations are
made [8-9]:

1. The fracture toughness values are very scattered
at any temperature in DBT regime and brittle
fracture is observed beyond and from —80°C
for both 1T-CT and /2 T-CT specimens.

2. Master curve reference temperature 7, obtained
by combining all the 1T-CT and 'AT—CT fracture
toughness values and using multi-temperature
method are considered as best characterizing
curve for this material. All the master curves
and reference temperature values obtained by
different methods, specimen size and a/W ratios
are compared with this curve. It is observed
that all the curves falls within the 70% and 30%
bound of the best characterizing curve. The
observations are similar as mentioned in
coordinated research programme by IAEA [10].

3. Thevariation in reference temperature for 17—
CT and '2T-CT specimens for different methods
is within 5°C. Also the 7, are evaluated using
multi-temperature evaluation method for 17—
CT and 'A2T-CT specimens separately, it is
observed that reference temperature variation is
within +=3°C. Hence the correction suggested

Fig. 17

for thickness adjustment is found to effective
for this material [11].

When the different combinations of test
temperatures are used to evaluate 7, it is
observed that the value of reference temperature
is more consistent as the number of test
temperature considered increases. The
correlation coefficient of 7, with temperature
range is measured using Pearson’s product-
moment correlation coefficient and it shows
that 7, is linearly dependent on range of test
temperature. Also the effect of g/WW/variation
on the reference temperature is noticeable. More
experiment is required to study the effect of
a/Won reference temperature in details.

The reference temperature is independent of
specimen size and test temperature for this
material.

The multi-temperature method for evaluating
the 7 is the most effective way to capture the
scatter and temperature dependent of fracture
toughness. But for convenience, single
temperature evaluation method also is proposed
in master curve methodology and found to be
effective. For negligible variation in reference
temperature derived from different methods and
differently sized specimen one can derive the
reference temperature by single temperature
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7.

evaluation method and '/,T-CT specimens to
reduce time, material utilization and cost also.
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Design, Development and Deployment of Special
Sealing Plug for 540 MWe PHWRs

G. Sharma, S. Roy, R.J. Patel
Refuelling Technology Division

Abstract

The coolant channel in Pressurized Heavy Water Reactors is a pressure boundary component and is very important
for reactor performance and reactor safety. Monitoring the condition of the pressure tube of each coolant
channel on a periodic basis is very important. In-Service Inspection (ISI) of the coolant channels in water filled
condition is done regularly for 220 MWe PHWR. For the same purpose BARC Channel Inspection System is
developed for 540 MWe PHWR also. Special Sealing Plug has been developed to facilitate the channel inspection
(in water filled condition) with all necessary safety features at par with normal sealing plug. Special Sealing Plug
provides a 50 mm through hole for passage of drive tube of Inspection Head maintaining integrity of PHT. Lot
of challenges were faced for developing the Special Sealing Plug and its associated tools. It was a first of its kind
design. First ISl of TAPS-4 was conducted successfully using this plug along with associated tools in November
2011. This development has provided immense help to NPCIL in life management of 540 MWe PHWR coolant

channels.

meant to thermally insulate the high temperature
pressure tube from the relatively low temperature
moderator. A 540 MWe PHWR unit has 392 coolant
channels. Any type of damage in pressure tube may
lead to crack or complete breakage of pressure tube
affecting the integrity of the coolant channel that is
of critical importance to reactor performance and

Introduction

The coolant channel in Pressurized Heavy Water
Reactor (PHWR) is a very important component both
from the point of view of reactor performance and
reactor safety. The coolant channel basically
comprises of pressure tube with an end-fitting on

either side. Each end fitting houses sealing plug,
shield plug and fuel locator. Pressure tube houses
13 number of fuel bundles. The coolant, heavy
water, flows through these fuel bundles at high
pressure & temperature conditions. A concentric
calandria tube envelops the pressure tube. Calandria
tubeis surrounded by moderator i.e. heavy water.
The annular gap between the pressure tube and the
calandria tube is filled with CO, gas essentially

reactor safety. Because of these reasons, periodic
monitoring of the condition of the pressure tube is
very important.

In-Service Inspection (ISI) of the coolant channel is
carried out in water filled condition. For this purpose
BARC Channel Inspection System (BARCIS) is
developed for 540 MWe PHWRs (Fig. 1). This
system is a scaled-up version of BARCIS for 220

Fig. 1: BARCIS schematic during operation
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MWe PHWRs. BARCIS consists of an Inspection
Head, a Special Sealing Plug (SSP), a drive system
to give axial and rotary motion to the inspection
head and a control system for drive. Inspection Head
of BARCIS consists of various sensors for monitoring
health of the channel. Special Sealing Plug (Fig. 2)
is required to maintain water leak tight path for
Drive Tube insertion, its rotary and axial movements.
An Adaptor (named as SSP Adaptor) is used to locate
SSPin magazine of Fuelling Machine with jaws of
SSPin collapsed condition and also for installation
of SSP in the end fitting. SSP Adaptor remains in
Fuelling Machine magazine during ISI.

Fuel Handling Crew at TAPS-3&4. The system was
deployed in TAPS-4and ISl of 16 numbers of channels
was carried out in November 201 1. The performance
was found to be satisfactory despite being first of
its kind design.

The Scheme

The inspection head which does the function of
inspection of coolant channel is held in position by
special sealing plug with the help of stem and
locknut. During ISI the Special Sealing Plug and
inspection head form an assembly this assembly is
installed in the end fitting by the fuelling machine

rams using SSP Adaptor. In Fuelling

Machine, SSP Adaptor, SSP and

Inspection Head assembly are
housed in magazine in floating
condition. Fuelling Machine is
clamped to the channel due for ISI
and replaces the normal sealing plug
with the special sealing plug &
inspection head assembly after
defueling the channel. Inspection
head travels till the other end of the
channel by using the extensions
through the Special Sealing Plug by

Fig. 2: 3D visualization of Special Sealing Plug installed in End

fitting

Design manual was prepared, and safety clearance
was obtained for using BARCIS in reactor. Integrated
testing was carried out successfully in Calibration
and Maintenance Facility. Training was given to the

using BARCIS drive system. After
completion of the inspection job the
extensions are retrieved and special
sealing plug’s stem and lock nut are
reinstalled. The Special Sealing Plug is replaced by
the normal sealing plug by the fuelling machine
after normalising the channel.

Fig. 3: Special Sealing Plug and Inspection Head assembly
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Safety Features of SSP

The SSPis compatible with BARCIS-540 and Fuelling
Machine. In 220 MWe PHWR SSP, the plug is held
in the channel using balls and the safety latch action
is achieved by Ram-B action. In the SSP of 540 M\We
PHWR jaws have been provided and safety latch is
fully functional. This modification avoids

overhauling requirement and

BARC NEWSLETTER

also expanding jaws in end fitting, with all
feedbacks. Axial space available to accommodate
SSP Adaptor is limited. The SSP Adaptor acts as a
ram extension when SSP is installed in end fitting,
and locks jaws in collapsed condition when installed
in magazine.

enhances ejection resistance for the
plug.

The plug is as safe as the normal
sealing plug. The latch acts as in
normal sealing plug and provides a
solid mechanical stop to the jaws
directly. After removal of the stem and
latch sleeve by opening the locknut it
is not possible to transfer force by

drive tubes since the plug is housed
with a stationary sleeve outside the
drive tube. The latch is disengaged by
only latch ram movement without moving the stem.

Other Major Assemblies

The SSP requires some associated assemblies during
ISI and installation using Fuelling Machine. The
Fuelling Machine requires SSP Adaptor to install SSP
in the end fitting. The other tools are, Stem Lock
Safety Latch Gauge, Stem Pusher, Pneumatic Pusher
used at the time of ISI.

SSP Adaptor

The SSP with Inspection Head (IH) needs to be
located in the magazine of Fuelling Machine. Jaw
grooves in the tubes of the FM magazine are situated
towards snout side and the SSP and IH assembly
cannot be housed in the magazine tube with jaws
of SSP in jaw grooves due to longer length of
assembly.

A new device was conceptualised to locate SSP and
IH assembly in the magazine with jaws of SSP in
collapsed condition. It was a challenge to
conceptualise the SSP Adaptor (Fig. 4) due to its
contradictory requirement of collapsing jaws and

Fig. 4: SSP adaptor, 3D visualization of cross-section

Stem Lock & Safety Latch Gauge

The Stem Lock & Safety Latch (SLSL) Gauge is also
called SLSL Gauge (Fig. 5). When the SSP is installed
properly in the end fitting (jaws fully out) the stem
to SSP body front dimension is within 4 to5 mm
and latch is engaged i.e. out by 10 mm. The SLSL
Gauge is a simple electronic device which provides
audio visual feedback of this dimension with failsafe
design philosophy.

Fig. 5: SLSL gauge
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Qualification of Special Sealing Plug and features in this limited space with good
Associated Tools reliability and strong components.

As SSP is a part of PHT boundary, any failure will b) The SSP with Inspection Head needs to be

result in loss of coolant / heavy water and located in the magazine of FM. The FM
consequent man-rem consumption. The SSP and Magazine jaw grooves are in front side of FM;
tools were conceptualised to make these assemblies the SSP and IH assembly cannot be housed in
error proof, however to reduce manual errors check the Magazine with jaws of SSPin jaw grooves
lists have been prepared and training was given to due to longer length of assembly. This was
operating personnel. realised at the end of development stage; thus

giving a major setback to the BARCIS program.
A new device (SSP Adaptor) was conceptualised
to deposit SSP and IH assembly in the magazine
with jaws of SSPin collapsed condition. It was
a challenge to conceptualise the SSP Adaptor
due to its contradictory requirement of
collapsing jaws in the magazine tube and also
expanding jaws in the end fitting, with all
a) The SSP for 540 MWe was designed with 50 feedbacks. Axial space available to
mm centre bore for drive tube insertion and accommodate SSP Adaptor was also limited.

The SSP and tools were subjected to stringent QA.
The SSP and tool were thoroughly tested for
qualifying the design. The design was reviewed by
various departmental safety committees. Functional
testing was carried out successfully at site in reactor
simulated conditions.

Challenges Faced during Development

fully functional jaws and latch. There is limited ¢) Nuclear Power Corporation India Limited

space available to accommodate all these decided to use improved version of Ram

features. It was a challenge to implement the Manipulator (named as Ram Manipulator MK-

Fig. 6: BARCIS in action in TAPS-4
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). The MK-Il manipulator is having latch
interlocking balls and hence independent C-
Ram and Latch movement is not possible for
all ranges of motion. The SSP Adaptor utilises
independent Latch and C-Ram movement to
operate and hence design / procedure in the
adaptor was modified.

ISIin TAPS-4

Design and operating manuals were prepared for
training of the personnel at TAPS. FH crews were
qualified based on written test and mock-up trials.

After successful demonstration and qualification,
ISI of TAPS-4 was commenced on 23 November
2011. The first channel took about 22 hours to
complete. This abnormally higher time was
attributed to full volumetric scanning of the channel
and garter spring detection problems. After second
channel the garter spring location problem was
sorted out.

Volumetric scanning (axial and circumferential)
resulted in high stress on the ID of O-rings of the
SSPwhich was not considered during entire design
phase of the SSP. The total rubbing travel in a
channel was estimated to be 550 metre, which is
high for dynamic O-rings of this nature. The SSP
performed satisfactorily for ISI of all the 16 channels.

BARC NEWSLETTER

Conclusion

BARC Coolant Channel Inspection System (BARCIS)
was required to be developed on priority to facilitate
ISI of coolant channels in TAPS-4, a lead reactor of
540 MWe PHWRs. Design evolution of SSP and
SSP Adaptor was a challenge in case of 540 MWe
BARCIS. New design features were incorporated to
take care of safety and maintenance issues, viz.
increased load bearing capacity equivalent to normal
sealing plug, fully functional safety latch, bigger
drive tube hole and no time based overhauling /
maintenance requirement.

Design was improved by iterations on prototype
plug and final design was qualified. Integrated
testing with BARCIS was carried out. Training and
qualification programme was conducted for site
operators.

ISl of 16 channels was carried out in November
2011. Performance of the plug and the associated
tools was found satisfactory. Thus development of
Special Sealing Plug is a remarkable step towards
developing inspection technology for bigger size
PHWRs.
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Decontamination of Alpha Contaminated Metallic
Waste by Cerium IV Redox Process

J. G. Shah, P. S. Dhami, P. M. Gandhi and P. K. Wattal
Nuclear Recycle Group

Abstract

Decontamination of alpha contaminated metallic waste is an important aspect in the management of waste
generated during dismantling and decommissioning of nuclear facilities. Present work on cerium redox process
targets decontamination of alpha contaminated metallic waste till it qualifies for the non alpha waste category
for disposal in near surface disposal facility. Recovery of the alpha radio nuclides and cerium from aqueous
secondary waste streams was also studied deploying solvent extraction process and established. The alpha-lean

secondary waste stream has been immobilised in cement based matrix for final disposal.

Key words: Decontamination, Redox process, Cerium, Waste, Extraction

Introduction

Alpha contaminated metallic wastes generated from
reprocessing and radio metallurgical operations
need to be decontaminated prior to their disposal.
The adherence of alpha contaminants on metallic
objects could be either by physical or chemical
bonding to the substrate. Over a period of time this
contamination migrates in to pores and microscopic
voids of a material surface and gets fixed and is
difficult to remove by any physical decontamination
processes. To address decontamination of those
materials with fixed contamination, hard chemical
decontamination processes are required. Among
various processes, the cerium redox process appears
to be more promising. In this process metallic
surface congruently dissolves in cerium (IV)-bearing
nitric acid medium resulting in decontamination.
The present study was undertaken to evaluate
cerium redox process for decontamination of alpha
contaminated metallic waste with an
attempt to qualify them as non alpha waste
category. Besides, a process based on solvent
extraction was established to recover the alpha radio
nuclides (Pu, Am) and also inactive Ce ions from
the spent nitric acid for recycling.
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Chemistry of redox decontamination process

The alpha contaminated metallic waste is mainly
SS 304L. Ce*"is a strong oxidising agent (E, = 1.60
voltsin 4 M HNO, ) and can efficiently oxidise the
constituents of SS as well as Pu** to Pu®* as per
following redox chemical reactions:

e 3Ce* +Fe = Fe¥* + 3Ce’ E Fe/Fe?* =0.04V
e 2Ce* +Ni = Ni?* +2 Ce3* E, Ni/Ni%* =0.25V
e 6Ce* +Cr  =Cr%"+ 6 Ce’ Ej Cr/Cré =041V

o Pu*t 4 2Ce** = Pus* + 2Ce3* *E,Pu*/Pus* =1.03V

In general contamination gets extended up to depth
of 10 to 12 micron from surface. Removal of this
thickness of layer can result in overall effective
decontamination. The rate of metallic corrosion
depends on the concentration of ceric ion, nitric
acid as well as temperature. To maintain a uniform
corrosion rate, it is required to regenerate the reduced
Ce3" into the Ce**
decontamination. Ce*" can be easily regenerated
either by electro oxidation or by chemical oxidation
employing ozone. The process of oxidation by ozone
gas is relatively simpler and amenable to online

state during the

conversion.




Results and Discussion

Study of Ce3* to Ce** conversions in
experimental loop.

A glass bubble reactor of one litre capacity for online
conversion of Ce* to Ce** by ozone was designed
and fabricated in-house. The decontamination
solution was continuously circulated in reactor from
decontaminating chamber and ozone gas was
continuously passed through the reactor (Fig. 1).
The un-reacted ozone was passed through two
scrubbers in series containing H,0, and Kl and then
through furnace at 600°C to ensure complete
destruction of ozone.

Fig. 1: Schematic of Cerium redox process and
experimental setup

Initially, experiments were conducted at varying
acidity and temperature at about 5 g/h output of
ozone for study of Ce3" to Ce*" conversion rate
without the work piece. It was observed that 0.4
M concentration of Ce’* in 4 M HNO, at room
temperature could be quantitatively oxidised to Ce*"
in about four hours. At 60°C this time of conversion
reduced to half (Fig. 2). Based on these studies
decontamination experiments were conducted in
batch mode with inactive and alpha contaminated
samples.
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Fig. 2: Effect of acidity and temperature on Ce** to
Ce** conversion by ozone

Decontamination study on inactive coupons

Corrosion of inactive SS planchets were carried in
solutions with varying concentration of Ce*"/Ce**
in4 M HNO, at different temperatures to determine
optimum conditions for efficient corrosion kinetics.
The ratio of surface area of coupon to volume of
decontaminant solution was maintained at 1:10.
In none of the following experiments, ozone gas
was not employed for regeneration of Ce**. The
surface roughness and weight loss results are shown
in Table 1. Micro structural examination of the
experimental coupons was also done deploying
Scanning Electron Microscope. The results indicate
that the overall corrosion was practically uniform
(Fig. 3).
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Fig. 3: Surface morphology of virgin and corroded SS planchet

Table 1: Corrosion and Decontamination of SS coupons with Ce** solutions

Corrosion of inactive SS coupons
Initial Ce*/Ce™ | Init wt. (g) Wt. Loss(g) Corrosion rate Roughness
. Index (p)
(mole ratio)
in 4 M HNO; 2 hrs 8 hrs Mpy. w/hr
Nil 1.199 0 0 0 0 0.055
0.4/0.0 1.172 0.021 0.151 837 2.44 2.405
0.3/0.1 1.156 0.015 0.115 636 1.84 1.98
0.2/0.2 1.181 0.011 0.098 555 1.61 1.73
0.1/0.3 1.180 0.012 0.062 345 1.0 0.593
Table 2: Decontamination of SS coupons with Ce** solutions
Decontamination of active SS coupons at room temperature (25°C)
Initial Ce*"/Ce**
(mole ratio) Initial Counts (CPM) Final Counts (CPM) DF
in 4 M HNO;
6,281 8.5 738
0.2/0.2
62,161 6.5 9,563
10,060 1.0 10,060
0.4/0.0
43,562 1.5 29,041
Decontamination of active SS coupons at elevated temperature (60°C)
8,400 33 2,545
0.2/0.2
43,070 1.0 43,070
16,090 1.0 16,090
0.4/0.0
27,545 1.0 27,545
Decontamination study on active coupons
Similar experiments were, subsequently, conducted intermittently during the experiment in all the cases
with Pu contaminated SS planchets with fixed lasting for two hours. It was observed that planchets

contamination. The samples were dipped in could be decontaminated more efficiently with
decontaminating solution with varying initial Ce*/ higher initial concentration of Ce** solution and at
Ce’* ratio in 4 M HNO, The solution was stirred higher temperature (Table 2).
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Decontamination study on actual alpha
contaminated metallic samples

Actual radioactive contaminated samples collected
from RMD, BARC of various shapes, and from
different origin with varying level of Pu
contamination were successfully decontaminated
to non alpha category with 0.4M Ce** solution in
4 M HMQO, in batch mode (Fig. 4). Decontamination
experiment of SS spatula used for PuO, powder
handling in glove box was carried out in multiple
steps. Initially, the spatula was immersed in 100 ml
of 4M nitric acid for two hours with occasional
mixing. Analysis of the solution showed about 25%
decontamination in two hours. In the next step,
the spatula was immersed in a fresh lot of 100 m|
4M nitric acid for four more hours in a similar way.
This resulted in further ~25% decontamination.
Further decontamination was not observed with
nitric acid. The spatula was, subsequently, subjected
to decontamination using 0.4M ceric nitrate in 4M
nitric acid solution at room temperature. Fig. 5 shows
Pu concentration with time in the decontamination

SS Spatula
Fig. 4: Alpha contaminated SS samples

SS ring

Fig. 5: Decontamination behaviour of alpha
contaminated SS spatula
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solution. The results show that the progress of
decontamination reaction was steady till eight hours
(~98%) and thereafter it was monotonous. The
percentage decontamination after twelve hours was
99.2. The spatula was later immersed in fresh ceric
nitrate solution for another two hours. This resulted
in near total decontamination of the spatula
qualifying it as non-alpha waste. These results
showed that Ce (IV) based redox process is effective
for decontamination of alpha contaminated SS
surfaces. The time of decontamination can be
reduced by online regeneration of Ce (IV) using
Ozone.

Management of spent decontamination
solution

The resultant decontamination solution after few
cycles will contain substantial amount of alpha
activity (mainly due to Pu and trace activity due to
241Am) in addition to inactive constituents like Fe,
Ni, Cr and Ce. Recovery of o activity and inactive
Ce from such solution is very important from waste
management considerations. The majority of cerium
is expected to be present in ceric state whereas Pu
and Am will be present in hexavalent and trivalent
states respectively. Among the various methods,
solvent extraction was preferred because of high
separation factors.

Recovery of Pu from spent decontamination
solution

Conventional PUREX solvent was employed for the
recovery of Pu from such medium after reducing
ceric to its non-extractable trivalent state using
NaNO, or H,0, as reducing agent. Under these
conditions, Pu is converted to more extractable
tetravalent state in TBP phase compared to its
hexavalent state. To optimize the process parameters,
preliminary experiments were carried out in batch
mode under different experimental conditions. The
experimental results indicate that both H,0,and
NaNO, can be used for conditioning ceric to cerous
and PuO,** to its tetravalent state during extraction.
Organic to aqueous (O:A) phase ratio of 1:3 was
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found optimum to have greater than 70% extraction
in a single contact. In five multiple contacts,
guantitative extraction of Pu was achieved.
Loaded organic was stripped using mixture of
Hydroxylamine Nitrate (HAN) and nitric acid.
Optimized concentration of indigenously
synthesized HAN (0.3M) and HNO, (0.6M) mixture
was used for Pu stripping. Quantitative stripping
of Pu in three contacts at 3:1(0:A) phase ratio
was observed. These studies clearly show that TBP
can be employed for the extraction of Pu** from
secondary aqueous waste containing
decontaminating reagent. Plutonium product
solution can be concentrated using conventional
techniques and recycled. Further extraction and
stripping experiments were carried out using a real
waste generated from decontamination of
contaminated metallic waste. Pu concentration of
the composite waste was ~20 mg/L. Results from
extraction and stripping are given in Tables 3 and 4

respectively.
Counter-current Studies

After solvent extraction studies in batch mode,
extraction and stripping experiments were extended
to counter-current mode using laboratory scale mixer-
settlers. Simulated feed solutions were prepared by
mixing solutions from various stages of
decontamination studies. The concentration of Pu

Table 3: Batch extraction of Pu** from aqueous phase
containing waste

Experimental Conditions

Conc. of Pu in waste solution: 21.59 mg/L,
Reductant: 0.10M NaNO,,

Phase Ratio (O/A): 1:3 (5 ml :15 mL),
Contact Time : 15 min.

Table 4: Stripping of Pu from Pu loaded TBP phase
using HAN+HNO,

Experimental Conditions

Conc. of Pu in Org. phase: 15.40 mg/L,
Strippant: 0.30M HAN+0.6M HNO,
Phase Ratio (O/A): 3:1 (15 mL: 5 mL),
Contact Time: 15 min. for each.

Fig. 6: The results from counter-current extraction run
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Fig. 7: Results from counter-current stripping run

in the feed was 1.1 mg/L and that of Ce*" was
~0.40M at acidity of ~3.0M HNO,. The organic
to aqueous phase ratio of 1:3 using 30% TBP in n-
dodecane as extractant was maintained during the
experiment. The exit samples were taken periodically
to check the steady state conditions. About 3L
loaded organic phase was generated from extraction
run and used for stripping experiment at an O/A
ratio of 3:1 using 0.30M HAN+0.6M HNO, as
strippant. Stage samples were taken at the end of
each run (Fig. 6). The experimental results indicate
that quantitative extraction of Pu in four stages is
achieved. Pu lean raffinate showed traces of 24’Am
with entire Ce along with SS corrosion products.
The results from counter current stripping run using
HAN-+HNO; are given in Fig. 7. Organic phase after
stripping showed Pu concentration below 0.001mg/
Lindicating stripping efficiency greater that 99.9%.

Recovery of Ce and 2*'Am from raffinate

The Ce and Am in raffinate are present in trivalent
state along with SS corrosion products. Ce** to
Ce** oxidation was selectively effected by ozone
and quantitatively recovered in 30% TBP in
n-dodecane. It was observed that Am3* does not
get extracted under these conditions and remains
in aqueous phase. Ce*" in organic phase was
reduced to Ce** by NaNO, as reductant and stripped
with HNO, to avoid Ce hydrolysis. Am was finally

extracted from the raffinate by employing 0.2M
THEDGA as extractant in 30% isodecyl alcohol in
n-dodecane. The organic phase was stripped with
0.01M HNO, to recover Am in aqueous phase and
concentrated for further use. The Ce recovered can
be recycled back for decontamination processes.

Management of aqueous raffinate

The raffinate after recovery of Pu, Am and Ce is
only potentially alpha active with major
concentration of SS corrosion products in acidic
medium and can be managed as non alpha category
waste. The raffinate was neutralised with sodium
hydroxide and the sludge formed was fixed in
cement matrix. The product formed with water to
cement ratio of 0.5 and with 20 wt% of waste
loading was found to have desired product
characteristics and qualify for near surface disposal.

Conclusion

The process of decontamination of ai-contaminated
metallic waste to non a-category by cerium redox
process has been optimized. The process was
demonstrated at laboratory scale using actual
alpha contaminated metallic samples received
from RMD, BARC. The study has also demonstrated
the recovery of alpha radionuclides and
management of secondary waste generated from
decontamination.
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Non-Invasive Blood Pressure
Monitor: Beat to Beat

Vineet Sinha, R.K. Jain, G.D. Jindal and C.K. Pithawa
Electronics Division

C.D. Kapse
Watumull Institute of Electronics Engineering & Computer Technology
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Abstract

Non-Invasive Blood Pressure Monitor has been developed at Electronics Division, BARC. It comprises of an
Oscillometric, Impedance Plethysmographic (IPG), Photo Plethysmographic (PPG) and Electrocardiographic (ECG)
modules. Oscillometric module facilitates spot or periodic measurement of blood pressure whereas other
modules yield various hemodynamic parameters to obtain beat to beat blood pressure. Linear multivariate
equations have been used for this purpose, which have been derived from IPG, PPG and ECG data in 137 subjects
aging 10-80 years. Revalidation of these equations has been done in another group of 136 subjects and has
yielded a correlation of 82.6% for Systolic Blood Pressure (SBP) and 73.1% for Mean Arterial Pressure (MAP).

Introduction

Blood Pressure (BP) monitoring is important for the
management of cardiovascular diseases. The BP of
an individual can vary by tens of millimeters of
mercury during 24 hours depending on number of
factors that include subject’s physical activity,
mental state, use of medications and condition of
internal BP regulatory system.

Continuous and non-invasive arterial BP
measurement is desirable for patient monitoring in
Intensive Care Units (ICU). Itis also desirable for 24
hour ambulatory monitoring; telemedicine; and
study on blood pressure variability. Continuous
arterial pressure along with ECG has been used in
Intensive Cardiac Care Units (ICCU) to improve the
automatic diagnosis of cardiac arrhythmias.

IPG and PPG signals have been used in the past to
derive Systolic Blood Pressure (SBP), Mean Arterial
Pressure (MAP) and Diastolic Blood Pressure (DBP).
However the studies have not been consistent and
for most of the time the correlation values reported
are not in the acceptable range. Most of these
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investigations have been centered on one or two
hemodynamic parameters and few control subjects.
Therefore a systematic study was carried out to
identify different IPG and PPG parameters that are
sensitive to blood pressure values. Subsequently an
instrument named “Non-Invasive Blood Pressure
Monitor — Beat to Beat” has been developed at ED,
BARC, which is discussed here.

The Instrument

The instrument is a versatile hemodynamic monitor
comprising a PPG module, an IPG module, an ECG
amplifier and an Oscillometric BP module, as shown
in Fig. 1. All the signals can be simultaneously
acquired and saved in the personal computer.

PPG module comprises a pulse oximeter transducer,
current amplifier, photo detector amplifier, sample
& hold circuits and amplifier for IR signals. The
oximeter transducer has a red light emitter, an
infrared (IR) light emitter and a photo sensor,
mounted along with the cushion on the inner side.
Itis energized by the microcontroller through current
amplifier. The transmitted photo current is amplified
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Fig. 1: Schematic block diagram of Non-Invasive Blood Pressure Monitor — Beat to Beat.

and IR signal is separated with the help of timer
pulse T, This signal is further processed to obtain
average transmitted IR intensity (IR ), change in
transmitted IR intensity as function of time (DIR)
and rate of change of transmitted IR intensity (dIR).

IPG module comprises a 50 kHz sine-wave
generator followed by voltage to current converter.

This converter outputs sinusoidal current of constant
amplitude 2mA at 50 kHz. This current is passed
through the body with the help of two silver plated
band electrodes called carrier electrodes (C,, C,),
placed at neck and left palm. Voltage signal
developed along the current path is sensed with
the help of another pair of electrodes called sensing

electrodes (S,, S,), placed 4-5 cm apart on left arm
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near axillae. This sensed signal is amplified, filtered
and rectified to yield an output signal which is
proportional to instantaneous impedance (Z) of the
left upper arm segment. The initial value of the
impedance (Z,), also known as basal impedance, is
obtained from sample and hold circuit. Small
changes in the impedance of the upper arm
segment caused by blood circulation are obtained
by subtracting the initial value of the impedance
from the instantaneous impedance and is called the
DZ waveform. Z also differentiated with respect to
time to get rate of change of impedance waveform
called as dZ waveform.

ECG is recorded in Lead Il configuration. For this,
the electrical potentials generated by the heart
muscle are sensed with the help of two silver/ silver
chloride electrodes; positive electrode on the left
leg (LL) and the negative electrode on right arm
(RA). These signals are connected to pre-amplifier
(powered by isolated supply) through protection
circuit. The pre-amplifier output is connected to base
line restoration circuit in feedback loop. This output

is isolated and further amplified to obtain ECG
waveform in lead II.

Z, IR, DIR, dIR, DZ, dZ and ECG signals are
interfaced to personal computer using a
microcontroller (MSP430 FG4618). Each signal is
sampled at 500 Hz frequency. Graphical user
interface (GUI) has been developed to save, load
and display all waveforms on a single panel as shown
in Figure 2. This GUI also has cursor positioning
facility to display sample number and its
corresponding amplitude in every waveform.

Working Methodology

With the subject in supine, after a rest of 10-15
minutes, Oscillometric BP and Plethysmographic
signals were recorded with the help of developed
instrument. SBP, MAP and DBP values were
measured with help of Oscillometric module. Three
sets of readings were taken and two having
minimum difference were averaged to yield the
reference SBP, MAP and DBP values. Subsequently
ECG electrodes were applied at left leg and right

Fig. 2: Display showing simultaneously acquired signals using the developed instrument.
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arm; carrier electrodes (C,, C)) for IPG were applied
at neck and left palm; sensing electrodes (S,, S,) for
IPG were applied 4-5 cm apart at the left upper arm

segment near the axillag; the PPG probe (in the form
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Since, the study has been exploratory, large number
of parameters (given in Table 1) have been derived
from PPG, IPG and ECG data of four consecutive
cardiac cycles and averaged. This data along with
reference blood pressure values

in Group-l subjects have been
used to obtain the prediction
equations.

Statistical analysis has been
carried out to obtain descriptive
statistics regarding weight (W),
age, gender, SBP and MAP in all
subjects. The values of 27
predictors (given in Table 1) in
Group-I subjects were used to
obtain prediction equations.

Stepwise multiple regression
analysis has been adopted to

Fig. 3: Data acquisition using Beat-to-Beat NIBP Monitor

of clip) was put on the left index finger, as shown
in Fig. 3.

PPG, IPG and ECG were acquired simultaneously at
a sampling rate of 500sps for a period of 50-60
seconds and saved. The study has been carried out
in two phases: -

s Phase-I: 137 Indian subjects (94 men and 43
women), in the age group of 10-80 years,
including those with hypertension, were
randomly selected and were referred as Group-
| subjects. Data obtained from IPG, PPG and
ECG in Group-l subjects were used for
development of prediction equations for SBP
and MAP

s Phase-ll: 136 Indian subjects (84 men and 52
women) were randomly selected and were
referred as Group-Il subjects. Observations were
used to validate the prediction equations
developed during Phase-I study in Group-Il
subjects.

develop subject insensitive
prediction equations for SBP and
MAP from various predictors in recorded waveforms
and individual information of Group-I subjects. W,
T, Gand AG20 (age =20) have been kept compulsory
predictors in each model for the following reasons:

a) BPis gender and weight sensitive [London et
al. 1995] and

b) Subjects under antihypertensive treatment and
those aging < 20 years record different
morphology of PPG/IPG waveforms.

Optimum model was selected on the basis of
minimum value of root mean square errors (RMSE,
indicator of SD of error), higher overall correlation
coefficient (n and physiological relevance. The
prediction equations obtained for SBP and MAP as
above have subsequently been validated on Group-
Il subjects. Results in Group-II subjects are expressed
in terms of correlation coefficient between reference
and estimated BP; mean error = standard deviation
of error; agreement between reference and
estimated BP with the help of Bland and Altman
plots [Bland and Altman,1986].
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Table 1: Predictors used for stepwise multiple regression analysis on Group-I subjects.

Signals Predictor Description
PPG DIR(t,) Rise time of DIR
DIR(t,) Fall time of DIR
A Amplitude of DIR pulse
AR, Normalized amplitude
DIR dIR(p-p) Time interval between peak of DIR and peak of dIR
dIR_DIR(p-f) Time interval between peak of dIR and foot of DIR
1/DIR(t, +t,) Inverse of total time duration of DIR
IPG DZ(t,) Rise time of DZ
DZ(t,) Fall time of DZ
AZ Amplitude of DZ pulse
AZ/Z, Normalized amplitude
PPG-IPG DIR DZ ( p-p) Time interval between peak of DIR and peak of DZ
L/DIR_DZ(p-p) Pulse Wave Velocity ( m/s) measured from peak to peak
DIR DZ(f-f) Time interval between foot of DIR and foot of DZ
L/DIR_DZ(f-f) Pulse Wave Velocity ( m/s) measured from foot to foot
dIR dz Time interval between peak of dIR and peak of dZ
L/dIR _dz Pulse Wave Velocity ( m/s) measured from dIR and dz
PPG-ECG DIR(p) Reco Time interval between peak of DIR and R of ECG
DIR(f) Recg Time interval between foot of DIR and R of ECG
diR(p)_ R, Time interval between peak of dIR and R of ECG
IPG-ECG DZ(p)_ R, Time interval between peak of DZ and R of ECG
DZ(f) Recg Time interval between foot of DZ and R of ECG
dZ(p)_Recg Time interval between peak of dZ and R of ECG
Others T Under hypertensive treatment
G Gender
wW Weight ( kg)
AG20 Age = 20 years
Results

Descriptive statistics of all the subjects employed in
phase-l and phase-Il are shown in table 2, SBP and
MAP indicated in Table 2 are reference readings
obtained by oscillometric method. Prediction
equations developed in phase-I for SBP and MAP
from Group-| subjects are presented in Table 3.
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Predicted SBP and MAP have shown satisfactory
correlations with reference measurements
(r=0.88, RMSE = 6.98, mean error + standard
deviation of error= 0 = 6.77 mm Hg for SBP; and
r=0.797, RMSE = 7.09, mean error + standard
deviation of error = 0 = 6.88 mm Hg for MAP).
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Table 2: Descriptive statistics of all subjects included in the study for developing prediction equations (Phase-I,
n= 137) and revalidation (Phase-Il, n = 136)

n age(years) W(kg) SBP(mm Hg) MAP(mm Hg)
Group-|
Male 9 36.81 = 13.74 65.36 = 16.89 1229=15.62 90.04=124
Female 43 33.44 = 11.77 57.37 £ 8.66 116.0 =9.38 83.70 = 7.25
Combined 137 35.75+13.2 62.85=15.23 120.7 =143 88.05 = 11.41
Range 137 10-80 27-110* 85-158 63-126
Group-II
Male 84 36.98 = 13.39 66.98 +12.97 1253 =13.46 90.68 = 10.47
Female 52 34.12 = 13.76 5540+ 11.10 112.7=11.04 81.29 £ 8.14
Combined 136 35.88 = 13.55 62.02 =13.22 120.5=+13.98 87.09 = 10.65
Range 136 10-80 22-90 88-160 65-113

n = number of subjects; W = weight; SBP = systolic blood pressure; MAP = mean arterial pressure SBP and
MAP measured by reference oscillometric method. Groups used for developing the equations (Group-I) and
revalidation (Group-Il) are totally different; * one of the subject was having weight of 150 kg.

Table 3: Prediction equations for SBP and MAP (Phase-l, n = 137)

SBP = 116 + (17.3 X 'T"; = 1 subject on antihypertensive treatment, else = 0) + (1.4 X 'G"; male
=1, female = 0) + (0.497x "W') - (130 X "DIR(t,)) + (8 X 'DIR DZ(F-1)) — (365 X "dIR DIR
(p-1) + (10.8 x "AG20'; =1 age =220, =0 age < 20) + (1.03 x ( L/ 'DIR_ DZ(f-f)))

SBP measured by oscillometric system = 120.7 = 14.3 mm Hg.

SBP predicted = 120.7 = 12.59 mm Hg (r= 0.88, RMSE = 6.98, mean error =+ standard deviation
oferror=0 = 6.77 mm Hg).

MAP=37.9 + (8.62 X 'T") + (3.83 x 'G") + (0.411x "W')— (237 X "dIR dZ(p-p)") + (14.1 X
1/'DIR(t, +t,)") + (8.33 X "AG20") - (0.445 X ('L'/ dIR dZ(p-p)") + (133 X 'D/R(ﬂ_/?ecg')
MAP measured by oscillometric system = 88.05 = 11.41 mm Hg.

MAP predicted =88.05 + 9.095 mm Hg (r= 0.797, RMSE = 7.09, mean error + standard deviation
oferror=0 = 6.88 mm Hg).

Phase-| is development of prediction equations.

Table 4: Comparison of SBP/MAP measured by reference method and estimated by developed equations in
Group-Il (Phase-Il, n= 136)

Measured by Predicted by r Mean error = SD of
oscillometric developed equation error( mm Hg)
method
SBP ( mm Hg) 120.50 = 13.98 120.03 =12.44 0.826 -0.47 = 7.93
P < 0.001
MAP (mm Hg) 87.09 = 10.65 87.28 = 8.578 0.731 0.1946 = 7.3
P< 0.001

Phase-ll is revalidation of developed equations in phase-I.
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These prediction equations have been used to
estimate SBP and MAP in Group-Il subjects. Table 4
shows the descriptive statistics for these
measurements. As can be seen from the Table 4
that estimated SBP and MAP have moderately
correlated with reference measurements (r= 0.826,
mean error =+ standard deviation of error = -0.47
+ 7.93 mm Hg for SBP; and r = 0.731, mean
error + standard deviation of error=0.19 + 7.3
mm Hg for MAP).

Discussions

The studies carried out hitherto have been centered
around single parameter derived from ECG and
plethysmographic signals on limited number of
subjects. The present study is aimed at improving
the correlation by including additional parameters
on a wider population. In the study of Ye et al.,
2010, though the number of subjects is not
specified, the correlation of systolic pressure is
shown to be 0.8126 in the range of 100-137 mm
Hg [Ye et al., 2010]. In comparison present study
gives a correlation of 0.826 for systolic pressure
ranging between 88-160 mm Hg on 136 subjects
aging 10 to 80 years, which is certainly better than
the previous attempts.

Thus it appears that plethysmographic parameters
that are complementing pulse wave velocity increase
the accuracy of SBP and MAP measurement.
The predicted results are within the error limits
prescribed by Association for the Advancement of
Medical Instruments (AAMI) [O'Brien et al., 2002].
According to the AAMI standard, mean error i.e.
bias should be < = 5mm Hg with SD < 8 mm Hg
[37]. The results of this study show that predicted
SBP and MAP during validation phase satisfy the
AAMI recommendations [SBP (-0.47 £7.93) and
MAP (0.19 +7.3)]. Efforts are being made to obtain
better DBP estimation.
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Abstract

The role of self assembled structures as a drug delivery vehicle has been found for all routes of drug delivery. The
efficacy of drug depends on the drug loaded into the vehicle, temperature, drug solubility, pH, release
characteristics, additives and most significantly, the vehicle morphology. This in turn suggests that the design of
self assembled materials plays a very important role in drug delivery applications. This article provides an
overview of the guiding rules for the design of various self-assembled structures such as micelles, worm-like
micelles, microemulsions, vesicles and pH-sensitive structures by self assembly approach and their use in

therapeutic delivery.

Introduction

In recent years, self assembled materials have
received increasing attention in pharmaceutical
science as they promise incredible potential for
therapeutic and diagnostics applications. Owing to
the low aqueous solubility of various drugs, a
solubilizing delivery system is often required for
reaching sufficient drug bioavailability and/or to
facilitate clinical or even preclinical research and
development work. Self assembled drug delivery
systems, apart from allowing improved
solubilization, offer a range of other advantages,
including controlled drug release, protection from
drug hydrolysis and chemical or enzymatic
degradation, reduction of toxicity, and improvement
of drug availability. The preparation, characterization
and application of materials that are capable of safely
and efficiently deliver the drugs to the body of a
patient are important challenges in chemical and
pharmaceutical sciences. In the present brief
overview, we discuss the guiding rules for the design
and application of different types of self assembled
structures and exemplified with respect to their drug
delivery applications.

Self Assembly

Self-assembly involves the spontaneous organization
of molecular units into complex heirarchial structures
driven by non-covalent interactions. For example,
certain amphiphilic molecules, in selected solvents,
can self assemble at interfaces and in the bulk in
order to isolate their hydrophobic regions from
contact with polar solvents. Above a narrow range
of concentration, called the ‘critical micelle
concentration’ (CMC), which is characteristic of
each solvent-solute system, the amphiphilic
molecules associate themselves to form aggregates
called micelles. The self-association of surfactants
can give rise to a rich variety of phases comprising
aggregates micelles,
microemulsions, liquid crystalline dispersions, etc.

such as vesicles,
These phases have a unique structure in which the
hydrophilic or hydrophobic compartments with a
dimension of a few nanometers are dispersed in a
solvent and in most cases it exists in a
thermodynamic equilibrium state. These structural
features of amphiphilic assemblies make them
efficient carriers for the encapsulation of several drug
molecules.
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Design of self assembled structures

The aggregation of amphiphiles into various
structures such as micelles, bilayers, vesicles etc.
arise from an interplay of two opposing forces; one
the so called "hydrophobic effect’ of the hydrocarbon
tails which tends to bring the molecules closer
together and the other is the ‘solvation’ of the head
groups which tends to keep the hydrophilic part
away from each other. It is found that these
aggregate geometries depends broadly on various
factors like nature of the surfactant molecule,
surfactant concentration, ionic strength of the
solution, nature of the counter-ion etc. The geometry
of aggregates primarily depends on the
dimensionless packing parameter, defined by the
ratio v/a_| (where v is the volume of the surfactant
monomer, a_is the area of the headgroup, and /is
the length of the alkyl chain). A lower headgroup
area increases the packing parameter of the micelles
and this would induce structural transitions in the
aggregates. Simple geometrical calculations suggest
that when the packing parameter is less than 1/3,
spherical micelles are the preferred form of
aggregates. Cylindrical micelles form when the
packing parameter is between 1/3 and 1/2 and
when it is >1/2 highly curved bilayer vesicles are
preferred and flat bilayers are formed as it approaches
1. This suggests that the size and shape of the
aggregates can be modulated by changing the
packing parameter, which in turn depends on the
interaction between amphiphiles. Controlling the
microstructures of assemblies by tuning the
interaction between amphiphiles offers unique
opportunities for the design of supramolecular
materials for diverse applications. Several surfactant
systems have been designed involving ionic as well
as nonionic surfactants where structural transitions
have been induced in surfactant assemblies by
incorporating various additives such as electrolytes,
hydrotropes etc that are capable of modulating the
packing parameter.

In a cationic surfactant, cetyltrimethylammonium
bromide (CTAB) spherical to rod-like micellar

70 | ISSUE NO. 328

SEP. - OCT. 2012

transitions have been induced by incorporation of
different additives such as an electrolyte sodium
nitrate, anionic hydrotropes sodium salicylate
(Na-Sal) and sodium p-toluene sulphonate (Na-PTS)
etc'. These structural transitions have been probed
using various scattering techniques (dynamic light
scattering (DLS) and small angle neutron scattering

Fig.1: Intensity correlation function of CTAB micelles
in presence of different concentration of Na-PTS.

(SANS)). Fig. 1 shows representative plots of
intensity correlation function (g®t) (DLS data) for
CTAB micelles in presence of different concentration
of Na-PTS'. The shift of the correlation function to
long time with increase in salt concentration is an
indication of the growth of the micelles. The
diffusion coefficient (D,) of scattering objects can
be obtained by fitting the intensity correlation
spectra to appropriate models (solid lines in Fig. 1
are fits to the data using unimodal size distribution).
With successive addition of Na-PTS, D, was found
to drop steeply reflecting a sudden increase in the
average dimension of the micelles. The observed
drastic decrease in D, can be attributed to the
formation of long ellipsoidal micelles. This growth
of the mcielles can be explained in terms of the
adsorption of the counterions at the surface of the
micelles. Due to the oppositely charged nature of
the counterions, it decreases the surface charge of
the micelles. A decrease in the surface charge density
of the micelles decreases the effective repulsion of
the headgroups of the surfactants, which, in turn,



reduces the effective headgroup area per surfactant
and hence the packing parameter increases.
Such changes in the surface charge and consequent
growth has also been confirmed from SANS.

Similarly, in an anionic surfactant, sodium
dodecylsulphate (SDS), spherical to ellipsoid
transition have been observed by incorporation of
oppositely charged hydrophobic counterions,
such as aniline hydrochloride (AHC), ortho
toluidinehydrochloride (OTHC) and meta toluidine

Fig. 2: SANS Spectra of SDS micelles in presence of
different concentration of AHC.

hydrochloride (MTHC)?. Fig. 2 shows variation in
the differential neutron scattering cross section
(dX(Q)/dQ) with scattering vector (Q) for SDS
micelles in presence of different concentrations of
AHC. (x,,,. = [AHCJ/[surfactant]. The solid lines in
the figure represent calculated scattering patterns

obtained by assuming prolate ellipsoidal micelles.
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In the absence of any salt, the SANS spectrum
shows characteristic correlation peak indicating the
presence of repulsive intermicellar interactions
between the negatively charged SDS micelles. With
addition of salt, this correlation peak broadens as
well as shifts to lower Q values. The broadening of
the correlation peak at constant volume fraction of
the micelles is an indication of decrease in the range
of electrostatic interactions. The shiftin Q__ towards
lower Q value by adding the salt suggests an increase
in intermicellar distance. This observation together
with the merging of SANS spectra in high Q region
for all salt concentrations suggests that the micelles
are growing uniaxially with the addition of the salt.
The results of quantitative analysis show that the
aggregation number as well as the semi-major axis
increases upon addition of the salt, while the
fractional charge on the micelles decreases.

By changing the nature and concentration of organic
counterions it is also possible to induce micelle to
vesicle transitions in surfactant assemblies. For
example, in a mixture of CTAB and an anionic
hydrotrope sodium 3-hydroxy naphthalene
2-carboxylate (SHNC), in the hydrotrope-rich
region, dilution induced micelle-vesicle transitions
have been investigated using several complementary
techniques such as DLS, SANS and rheology?.
As a model system for pH triggered self assembly,
pH-responsive self assemblies were prepared using
mixtures of micelles and hydrophobic amino acid
mimics*>. Incorporation of anathranilic acid (AA),

Fig. 3: Charge reversal in nonionic micelles as a function of pH.
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a hydrophobic amino acid mimic, into CTAB and
Triton X-100 micelles makes them highly sensitive
to external pH. Fig. 3 shows a schematic
representation of the pH induced surface charge
reversal of micelles by adsorbed amino acid
molecules. These studies have demonstrated the use
of a specific hydrophobic amino acid molecule in
forming pH-sensitive assemblies through
cooperative self assembly. This strategy can be
exploited for preparing novel pH sensitive assemblies
that are biocompatible and hence useful for
biomedical applications such as drug delivery.

Drug delivery perspectives

Various self assembled structures have been
exploited for the sustained delivery of variety of
drugs. Micelles as drug carriers provide a set of
several advantages. The most important feature of
micellar delivery system is their small size (~10 to
30 nm) and the narrow size distribution, which
distinguishes them from other particulate drug
carriers. The viral like size prevents their uptake by
the reticuloendothelial system (RES) and facilitates
their extravasation at leaky sites of capillaries by
enhanced permeability retention (EPR) effect leading
to passive accumulation in certain tissues. The
stability of the drug is also increased through micelle
incorporation. Micelles as drug carriers physically
entrap sparingly soluble pharmaceuticals and deliver
them to the desired site of action. Furthermore,
since the contact of the drug (by involving micelles
as drug carriers) with inactivating species, such as
enzymes present in biological fluids, are minimized,
in comparison with free drug, the undesirable side
effects can be lessened.

The use of mixed micelles for the delivery of
anticancer drugs such as doxorubicin hydrochloride
(DOX), have been explored using biocompatible
surfactants, Tween 80 (T-80) and sodium
deoxycholate (NaDC)®. Polyoxyethylene groups in
T-80 would provide stealth to the micelle evading
the reticuloendothelial systems uptake. NaDC being
negatively charged was used as a complexing agent
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to bind with positively charged doxorobucin
hydrochloride. The ability of DOX to complex with
NaDC was proved from partition experiments which
showed that the addition of NaDC increases the
hydrophobicity of DOX through electrostatic
complexation and can be partitioned completely into
the organic phase (chloroform). This complex gets
solubilized by the addition of T-80 through mixed
micelle formation. This demonstrates the ability of
T-80-NaDC mixed micelles to bind model cationic
drugs such as DOX. The cytotoxicities of
formulations comprising DOX loaded mixed micelles
were evaluated in comparison to free DOX and blank
mixed micelles on three different human cancer cell
lines. The DOX loaded mixed micelles showed 2 to
10- fold lower LC,_ value as compared to that of
plain DOX in various cell lines. This clearly indicates
that these mixed micelles not only encapsulate the
DOX but also significantly improve anti-cancer
activity of DOX in various cancer cell lines. Pluronic
micelles have also been employed for physically
entrapping anti-cancer drug doxorubicin
hydrochloride through the formation of surfactant-
drug complex. The binding affinity of doxorubicin
within the micelle carrier is enhanced through
complex formation of drug and anionic surfactant,
Aerosol OT (AQOT), which is incorporated in pluronic
P123 micelles through hydrophobic interactions. The
complexation of anionic AOT surfactant molecule

Fig. 4: SANS Spectra of P123 micelles with and
without drug.
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with cationic drug is confirmed by optical absorption
and dynamic surface tension measurements. SANS
measurements show no significant changes in the
structure of the micelles upon drug encapsulation
suggesting that surfactant-drug complexes can be
encapsulated in block copolymer micelles without
disrupting the structure of aggregates (Fig. 4).
Cytotoxicity studies of drug loaded P123 micelles
on different human cancer cell lines indicate that
the anticancer activity of DOX is not affected by
complexation with AOT. In addition to micellar
systems, multilamellar vesicles (MLV's) (liposomes)
have also been used extensively for drug delivery
applications. Stable multilamellar vesicles (onion
phases) of the biodegradable surfactant PEG-8
Distearate (PEG8DS) have been prepared for
encapsulation of sumatriptan succinate, an
antimigraine drug’. SANS spectra recorded on the
samples of onion phases revealed characteristic
patterns of multilamellar vesicles and an increase
of inter-bilayer spacing by 7 A was observed after
drug incorporation.

Conclusions

In conclusion, we have demonstrated the strategies
to tune the structure and properties of self
assembled materials by modulating intermolecular
interactions and hence changing the packing
parameter of the surfactants. Formulation of pH-
responsive self assembled structures without
involving any complex synthesis has also been
discussed. A variety of self-assembled structures such
as micelles, microemulsions, vesicles etc. composed
of surfactants and block co-polymers have been
shown to be promising candidates for drug delivery
applications. We believe that new developments in
this area, with enhanced stability of the micelles
upon dilution, via cross linking of core or shell of
the micelles can lead to intelligent formulations for
the delivery of novel therapeutics.
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“The Kroll Zirconium Medal” Award for the year 2012

Dr. Srikumar Banerjee , Homi
Bhabha Chair Professor and
former Chairman, Atomic
Energy Commission has been
awarded the prestigious
" The Kroll Zirconium Medal”
award for the year 2012. The
William J. Kroll Zirconium
Medal recognizes outstanding achievement in
scientific, technological or commercial aspects of
zirconium production and utilization. The Kroll
award is sponsored and managed by ASTM B10
Committee on Reactive and Refractory metals and
alloys. Admiral H.G. Rickover of U.S. Navy, Dr.
Antonina V. Nikulina, All-Union Scientific and
Research Institute, Russia and Dr. Brian Cox and Dr.

Charles Ells, AECL, Canada are among the previous
recipients of this Award.

Dr. Banerjee’s extensive work encompasses all
aspects of phase transformations and provides
insights in to the development of microstructure
and properties of zirconium alloys during thermo-
mechanical processing. His laboratory scale work
formed the basis for the flow sheet adopted at the
Nuclear Fuel Complex for the manufacture of
Zr-2.5Nb pressure tubes for Indian PHWRs.

Dr. Banerjee will receive this award at the 17t
International Symposium on Zirconium in the
Nuclear Industry to be held in Hyderabad during
February 3-7, 2013.

Shanti Swaroop Bhatnagar Prize
in Science & Technology 2012

Dr. Sandip Basu, Head,
Nuclear Medicine
Academic Programme,
Radiation Medicine
Centre at Bhabha Atomic
Research Centre (BARC)
in Mumbai has been
awarded the Shanti

Swaroop Bhatnagar Prize 2012 in Medical Sciences.

The award is named after the Founder Director of
the Council of Scientific & Industrial Research (CSIR),
the late Dr. (Sir) Shanti Swarup Bhatnagar and is
known as the ‘Shanti Swarup Bhatnagar (SSB) Prize
for Science and Technology’. The Prize is given by
the CSIR each year, for outstanding contributions
to science and technology. SSB Prizes, each of the
value of Rs 5,00,000 (Rupees five lakhs only), are
awarded annually for notable and outstanding
research, applied or fundamental, in the following
disciplines: (1) Biological (2) Chemical (3) Earth,
Atmosphere, Ocean and Planetary (4) Engineering
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(5) Mathematical (6) Medical and (7) Physical
Sciences.

Dr. Basu is a pioneer of PET based diagnosis in India
and has expanded the application of this
methodology for improved patient services. His
work focuses on the use of radionuclide therapy
and molecular imaging techniques, mainly
Fluorodeoxyglucose - Positron emission tomography
(FDG-PET) in diagnostics, personalised treatment
design and prognostic assessment of cancer and
cardiovascular disorders. Dr. Basu has made
outstanding contributions in the field of Nuclear
Medicine by integrating functional radionuclide
imaging and therapy. He has more than 200 peer-
reviewed publications to his credit, where he has
put forth his ideas, novel concepts and clinical
research findings.

Dr. Basu will receive the Award at a formal function,
generally presided over by the Prime Minister of
India, who is the President of CSIR.
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BARC Scientists Honoured

Prof. J.P. Mittal
Distinguished Professor

Jawaharlal Nehru Birth Centenary Visiting Fellowship 2013

Indian National Science Academy, New Delhi

Dr. Madangopal Krishnan
Materials Science Division

Prestigious DRDO Award for Path Breaking Research /
Outstanding Technology Development for 2011

Kothari Auditorium, DRDO Bhawan, New Delhi on 1st Oct. 2011.

Dr. B.S. Kademani
Scientific Information Resource Division

SATKAL National Librarian Award 2012, in recognition of his outstanding
contribution to Library and Information Science.

Punjabi University, Patiala, 6" Nov., 2012
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