From the Directorc......

're now nearing the end of IX Plan
d

I

We sh6uld, therefare, take stock

of our programme and brainstorm on oUr
next steps with a view to be able to shape
X Plan.
We have made good progress towards our goal of thorium utilisation, in
the back end of the nuclear fuel cycle, in other energy and radiation
technology applications particularly in processing of food items and in
our programmes

on

indus,trial electron accelerators and Iheir

applications, IX Plan was also significant in terms of success realised ili
coordinated working for implementing our R&D programmes.
We
should now move further in this direction. Our programmes should be
structured more on the basis of objectives with greater possibilities of
multi-centric working and less along the lines of organisational structUte.
Best experts, regardless ofTiheir affiliation and location, should
involved with well defined linkages between them. As a part
strategy, discussions have begunin Ttombay Scientific Committee,
in turn, are based on the. discussions within the Divisions
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We should complete this round of discussions by sometime around April next year.

The formal

exercise of d~fining the plan projects through Divisions, Groups, Group Boards and Trombay Council
could then start on the basis of collective ideas so generated involving the partners identified during
discussions. Weshould leave enough scope for involvement of Universities and Research Laboratories
in the country as well asfor accommodating newer ideas that may come up as we go along.
While the next Plan should certainly involvefurther detailing of the thrust areas of our programme
dedicated to thorium utilisation and our thrusts in enhancing the beneficial applications of our
programme to society, we should leave enough scope for new technology development. In fact, we
should have an ambition of being a global technology leader at least in some areas. At BARC, we
have an excellent opportunity of reallsing this ambition through further strengthening of synergy
between our research and technology work. While thorium utilisation is certainly one area, we also
have the possibility of quick translation of excellent work of some of our researchers in basic sciences
into new innovative technologies.
In my view, while excellence
intemationallevel,
and development
industrial

excellence

in basic research

to the down-stream

user or a societal

even the best can be bettered.

is judged

by the assessment

in applied work should be judged

entity.

partner.

Such a partner

Search for excellence

of peer group at the highest

on the basis of benefit of our research
could be the technology

developer,

the

should be our motto and in this endeavour,

Of course, our work should primarily

have atomic energy infocus.

At this point, I would also like to dwell a littlefurther on the value system in our work.

While the

excellence has necessarily to beforemost in our mind, continuity of our knowledge base should be
another important attribute. I have been highllghling this point time and again. I think it is important
that we make conscious efforts to guide and train our newer colleagues and in fact have the ambition
of seeing them at a level of capability higher than our own. Our several programmes involve
progressive development of a series of technologies spanning over decades. Thorium utilisation
programme is an important example. The relevant knowledge base has thus to be built over
generations. The third atttribute of our value system should be an environment where we create
opportunities for everyone to excel. While in our drive to take organisational excellence to the
highest level, we have to pick andpush the best talent to lead, we cannot afford to ignore others. After
all, each one of us have some strengths and.it should be our endeavour to explore these strengths and
create opportunities for everyone to enthusiastically participate and contribute to organisational
objeclives. This of course needs a right attitude on part of all concerned I must also stress that in
this process, everyone has a role and we must all play our role.
I hove alwaysfelt that BARC is a gold mine of talent and technologies. It is our duty to reach the
benefits of this resource to our people and at the same timefurther enrich this gold mine through our
human resource development programmes.
(Anil Kakodkar)
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Address by Dr R. Chidambaram,
Chairman,
AtomicEnergyCommission
&
Secretary,
Department
ofAtomicEnergy

Addressby Dr Anil Kakodkar,Director,
BARC

Dr Kakodkar, Distinguished Coileagues and Friends,

Dr,Chidambaram
andFriends,

Aswecelebrate
the91" birthdayof aUfFounder,
we
canconfidently
say thatHomiBhabha'svisionhas
cometfue, Wearetotallyself-reliantin thedesign
and constructionof PressurisedHeavy Water
Reactors.TheaveragePlantLoadFactor(PLF) of
aUfNuclearPowerPlantswas 80% last year and

Thisyearhasbeenyetanotherverysuccessful
year
in our marchto makeIndiatechnologically
sttOng
thtOughour ownresearchanddevelopment
efforts
in nuclearscience,technologyand engineering.
Our research reactors, Dhruva and Apsara,
havebeentheefficientlyutilisedin supportof aUf

(Chairman's

address

continued

on page

4..)

(Director'saddresscontinuedonpage 6..)

(ChaUman's

speech

continuedfrom

page

3...)

thishasbeenmaintained
forthefirst six monthsof
the current year. These PLFs are good by
internationalstandams.Since September1999,
threenewreactorshavebeenconnected
tothegrid.
Thesecondunitat Kaigawasconnected
to thegrid
earlier'thismonthin a recordtimeof 16daysafter
criticality.This record may be betteredwhen
RAPP-4achievescriticalityin the next few days.
The efl-massecoolant channelreplacementof
RAPS-2wascarriedout in recofdtimeat a fraction
of the costwhichCanadiansincurredfor a similar
exercise.
Aftersuccessful
operationof theFastBreederTest
Reactor, the technologydevelopmentfor the
indigenously-designed
500 MWe PrototypeFast
BreederReactoris in full swingin India'smajor
industrialcompanies
likeBHEL.Inthelastcoupleof
weeks,on beha~of the IndiraGandhiCentrefor
AtomicResearch,I haveaccepfedtwo excellently
fabricatedmajorprototypecomponents
- thesteam
generatorreheaterfromLarsen& ToubroLtd.and
the SafetyandControlRodDriveMechanism
from
MTARTechnologies,
Hyderabad.Theworkon the
twin 500 t.f'Ne PHWRunits is in full swingat
Tarapurforthelasttwoyears.TheAdvanced
Heavy
WaterReactor- designedbyBARCandwhichuses
bothplutoniumand thorium- has movedinto the
technology
development
phase.Thepreparation
of
the DetailedProjectReportof the two Advanced
Light WaterReactorsWER-looo,being buinat
Kudankulam
withRussiantechnicalcooperation,
is
in progress
andconstruction
shouldstartin ayearor
so. We aimto indigen;seLWRtechnologyin the
futureas we havedone in the case of PHWR
technology.
The Central Govemment- which is strongly
supportingthe nuclearprogramme- has recently
decidedto give"megaprojecfstatusfor projectsin
the nuclearpowersector.startingfrom440 MWe,
whichwill bringdownthe capitalcost of all our
nuclearpowerprojects.NPCILisalsotryingto bring
downthegestationperiodofconstruction
of Nuclear
PowerPlants.TheNuclearFuelComplex
exceeded

its targetlast yearfor the productionof fuel and
structuralcomponents,
while reducingthe energy
consumption
per kilogrammeof fuelfabrication.
A
coupleof monthsbackit reacheda majormileston

bymanufactUling
the2,OO,0IJ0I>bundle
of PHW

fuel. TheHeavyWaterBoardhas, bystreamlinin
its manufacturingprocesses, ensured lower
productioncosts while enhancingquality and
productivity
atthesametime.
All these will have a major impact on the unil cost of
nuclear electricity and this is good as we move into
the future where nuclear energy will be the
inevitable option to satisfy our energy needs. This is
true not only for India but for all countries. Even in
countries which are currently seeing a slowdown in
their nuclear power development programme, it is
likely that a reversal would occur due to two factolsfirstly, due to a substantial increase in oil prices as is
happening now and, secOndly,due to the possibility
of the global warming phenomenon caused by
greenhouse gases becoming more serious. We are
aiming fof a nuclear installed capacity of 20.000
MWe by 2020; this is an achievable target with a mix
of PHWRs, FBRs and LWRs and reflects a doubling
time of about 7 years.

A sectionoIlh. garheringoIrhe slaffatTrombayon_.
Day
Our technology strength derives from the sfrong
foundation of Research and Developmentwhich we
have laid over the years. This goes beyond our
Nuclear Power Programme. It goes beyond our
Research

Reactor

Programme

- which

also gives us

a hundred varieties of isotopes used extensively in
medicine, industry and agriculture. It has enabledus
to design and build accelerators both for basic

researchand for applications.Currentlywe are
buildingat CAT, Indore,the secondSynchrotron
RadiationSourceINDUS-2,whichwill be a 2500
Million Electron-Volt
electronstoragering giving
hard X-ray radiation,after completingthe first
SourceINDUS-I;wearebuildinga superconducting
magnetcyclotronat VECC,Calcutta.Wearealso
buildingsmallerelectronaccelerators
whichcanbe
usedfor food preservation
andfor industrialand
scientificapplications. The Instituteof Plasma
Research- a DAE-aidedinstitution- is designing
and building a Steady-StateTokamak tor
thermonuclear
fusion research. CAT, Indore,is
buildinga varietyof powerfullaser systemsfor
various scientific. medical and industrial
applications.In developingall thesesystems,the
DAEprogrammehas alsoactedas a catalystfor
otherHighTechnology
developments
inthecountry.
PrimeMinisterAtal BihariVajpayeedeclaredmore
thantwo yearsbackthat Indiais nowa Nuclear
WeaponState The five carefully-planned
and
completelysuccessfulnuclearweapontests we
caITiedout in Pokhranin May 1998 and the
confirmationof the design yields by seismic,
radiochemical
and other studiescarriedout by
BARCgaveusthecapability
to designandfabricate
nuclearweaponsof yieldsfrom low-yieldsupto
around200kilotons.Thatwasin May1998anda
great deal of scientific and technoiogical
development
hastakenplacesincethen. Nuclear
Weapontechnology
is notonetechnology,
butis a
mixture of many scientific discipiines and
technologiesand we have some of the world's
leadingexpertsin eachof these,thanksto thevast
multi-disciplinary
capabilities
whichDAEhasbuiltup
deliberately
andwithforethought
overtheyears.
Thishashappenednotjust in the nuclearweapon
area. I had talked earlier aboutnuclearpower,
researchreactor applications,acceleratorsand
lasers. In all theseareasor take at randomany
other field - materialsscienceor mathematics,
molecular biology or gamma-ray astronomy,
superconductivity
or parallelcomputing,radiation
safetyor nuclearagriculture,roboticsor nuclear
wasteimmobilisation,
or - goingin somedetail-

genetherapyin canceror string theoryin high
energy physics,density functionalmethodsin
condensedmatter physicsor solvent extraction
methodsin chemicalengineering,wehavesomeof
theworid'sleadingexperts
Andthis is recognised
world-wide.In the nuclear
field, we are considered internationallya
"developed"rather than a "developing'country.
India is a founder-Member
of the International
Atomic EnergyAgency where we are now a
technicalassistance- giver,not a taker. A large
numberof scientistsfromdeveloping
countriesare
trainedin DAEeveryyear. Wearecooperating
with
Russiain peacefulapplications
of nuclearenergy.
PresidentPutin'svisitto BARCearlierthismonthis
indicativebothof the rapidlyincreasingmomentum
in our nuclearpowersectorand of our 9rowing
cooperationwith Russia in this area. We are
contributing
somehi-techcomponents
to the Large
HadronCollider- whichwill be the mostpowerful
accelerator
intheworld- beingbuiltin theEuropean
Centrefor NuclearResearch(CERN)in Geneva.
Today'sIndiashouldgoforinternational
cooperation
in high-technology
areasonan'equal-partner
basis,
asin theCERNproject.I defineSelf-Reliance
today
not as self-sufficiency
but as immunityagainst
technologydenial. We must also increaseour
SynergywiththeUniversity
Systemandwiththerest
of theS&TSystemin thecountryandmakecareers
in Scienceand Technologyattractiveto young
people.
In conclusion,
let me saythatindiansin Indiaand
Indiansabroadlook at the work done by the
Department
of AtomicEnergywithpride. DAEis,
however,not just ResearchandProjects.DAEis
people- scientists,technologists,
technicalstaff,
administrators,
supportingstaff, even those who
have left DAE becauseas I say: "Oncea DAE
person,alwaysa DAE person".We all havethe
responsibility
of preserving
thenuclearheritagethat
hasbeenbuiltupovertheyearsandto enlargeit in
the future. Thatwouldbe the homagewe payto
HomiBhabha.
Thank you, Jai Hind.

(Director's address continuedfrom page 3...)
programmes.One noteworthyexamplehas been
conductof shieldingexperimentsfor shieldingat
intermediatesodium heat exchangerof PFBR,
whichnot onlywouldgivedesigndatator PFBR
shieldingbutwouldalsoprovidea usefulbenchmark
for validatingshieldingcodesbeingusedbyvarious
groupsin DAE.Pneumatic
CarrierFacilityin Dhruva
reactorwas also commissioned
duringthe year.
Refurbishment
of CIRUSis progressing
wellandwe
hopetobringCIRUSonlinesoon.AllReprocessing
Plantsareworl<ing
well. WasteImmobilisation
Plant
at Trombay is about to be commissioned.
Transportablesystemto clean liquid wasteand
reduce liquid waste inventory has been
commissioned
andisoperatingverysatisfactorily.
R&D on power reactorfront furtherprogressed
towards greater deployment and further
development
of coolantchannellife management
and repairtechnologies. All the three BARCIS
systemshavebeenhandedoverto NPCIL.A total
of 100operatorsfrom variousPowerPlantsites
havebeentrainedandqualifiedfor operationand
maintenance
of these systems. Advanceshave
beenmadein termsof precisionmeasurement
of
diameterto assessdiametralcreep as well as
development
of radiationresistantcamerafor inchannelvisualinspection.Garterspringswererelocated in 28 coolant channels of MAPS-2,
enhancingtheirlife. Workto supportleakbefore
breakassurancein PrimaryHeatTransportpiping
has led to considerable
augmentation
at our data
baseat fullsizecomponentlevel. In fact,thishas
led to somevery usefulinternationalcooperative
researchprogrammes
withcomplimentary
benefits.
Chemical
decontamination
ofcleanupsystemof the
Unit.2of TarapurAtomicPowerStationwascarried
outsuccessfully
forthefirsttime.
Thoriumutilisationhasbeenthemostimportantlong
termobjectiveof ourprogramme.In additionto its
importance
in realisinga vastenergyresourcethat
we so desperatelyneed,I alsostronglyfeel that
thoriumhasthe potentialto offera verysatisfactory

solution to global questions on sustainable
development.Ourworkin the areaof reactorand
fuel cycle development
centeringaroundthorium
has,therefore,evokedwidespreadinterest. While
detaileddesign and developmentof Advanced
HeavyWaterReactoris makingrapidprogressand
facilityfor separation
of U'" fromirradiatedthorium
is undercommissioning
trials,worl<oncriticalfacility
forAHWRhaspickedupandpossibilitiesof regular
irradiationof thoriafuel bundlesin powerreactors
are being explored with NPCIL. Ideas for
reprocessing
and refabricationof AHWRfuel are
aboutto befrozenanda roadmapfordevelopment
of acceleratordriven systems,a technologyof
importanceto long termthoriumutilisationin our
contextis being preparedby a specialistgroup
specifically worl<ingfor this purpose. Several
innovativeideasare being deliberateduponand
thereseemsto be a goodpossibilityof a varient
AHWRcorebeingfoundattractiveasthermalpartof
one way coupledfast thermalhybrtdsub-critical
blanketfor sucha system.As a partof supportto
datageneration
activities,goodprogresswasmade
to prospectprotoactinium-231
in smallquantities.

Dr AN. Prasad, fol11l8rDiractor,BARC daHveringthe
FoundersDaytactu" on NuclaarFuetCycIaat tha Central
Comp~'auditorium,
BARC

WhilemixedcarbideUC.PuCfuel developedfor
FBTRhascontinuedto performwellexceeding
the
50,000MwdlTemarl<,somemixedoxideUO..PuO,
fuel bundlesloadedin TAPShavecompleted
their
threeb irradiation cycle satisfactorily.MOX
programmeis,progressing
well. Two moreMOX
fuelbundlesweredeliveredtoTAPSrecently.

In addition to electricity generation, we should also
explore other applications of nuclear power at
BARC. In fact, we should look upon ourselves as a
major energy technologies development centre. In
this context, the nuclear desalination demonstration
project at Kalpakkam, which is making rapid
progress, as also preliminary work on compact high
temperature reactor, are important. We have to also
accelerate our work on adding capacities in the back
end of our fuel cycle.

Posttest investigations
followingMay'98 nuclear
testsarenownearlycomplete.As youknow,these
haveconfinmed
thatall objectivesof thetestshave
beenfullymet.
Workonsettingupot paTON,afacilityforradiation
processingof onionsand otherfood products,is
pro9ressing
rapidlyandthe facilityis likelyto be
commissioned
earlynextyear. paTON,alongwith
SpiceIrradiator,
recentlycommissioned
by BRITat
Vashi,NaviMumbai,wouldprovidedemonstration
over a full rangeof doselevelsfor variousfood
processingapplicationson an industrialscale,
hopefullyevokinginterestonpartof industryto set
up additionalfoodprocessing
capacityrequiredto
boostin export,preventionof food spoilageand
pricestability.
Industrial Electron Accelerators are gaining
importancefor a varietyof industrialprocessing
applications.Verysoon,wewill bein a positionto
offerthe500kVand2 MVaccelerators
forindustrial
demonstration
runsatVashi. Simultaneously,
work
on development
of 3 MVand 10 MVaccelerators
alongwithsettingupof EbCentreatKharghar,
Navi
Mumbai,jointly with SAMEER,where similar
industrialdemonstration
runscan be offeredwith
thesebiggeraccelerators,
is makingrapidprogress.
Whilewe pursuedevelopment
of accelerators
and
processdevelopment
usingtheseaccelerators,
we
arealsoencouraging
andsupporting
IndianIndustry
to set up theirownfacilitiesfor largescaieuse01
thistechnology.I amhappyto notethattwosuch
facilitiesare likelyto come up soon and would
providesignificant
cableprocessing
capacity.Some
interesting
newdevelopments
usingthistechnology

are
bio-degradable polyethylene-agrowaste
composites
andradiationgraftedlonmulations
which
canconcentrate
uraniumfromseawater.
On the nuclearagriculturefront, researchefforts
haveledto a newblackgramvarietyTU-94-2with
35% moreyield and resistanceto yellowmosaic
virus,as well as a high yieldingsoyabeenvariety
TAMS-38. Boththesevarietieshavebeenreleased
recently. I wish to recognlseat this stageour
extensivecollaborative
researcheffortswithseveral
Agricultural
Universities
in the country. Infact,we
havegivenconsiderable
boostto suchcollaborative
programmes
in recentyears.
Theactivityot troubleshootingon varioustypesof
processcolumnsusinggammaray transmission
techniqueis becomingincreasingly
popular.These
columnshavea rangein diameterfrom2.5m to 11
m and in heightfrom 25 m to 45 m. We are
exploringaugmentation
of technology
byadoptionof
threedimensionalcomputedtomographic
imaging
technique.Fieldtrialsweresuccessfully
carriedout
at NewMangaloreas well as Mumbaiportson a
prototype nucleonic suspended sediment
concentrationguage which facilitatesdredging
operationsin ports. Trackingof 10" diameter
undergroundpipeline of HindustanPetroleum
Corporation
whichsuppliesaviationturbinefuelfrom
the Mahul Refineryto SantacruzAirport was
successfully
carriedout,usingisotopetaggedpipe
inspection
guage.
Onthehealthfront,wenowhavetheFDAapproval
for use of BARCdevelopedradiationprocessed
hydro-gelfor humanburn injurytreatment.This
hydro-gelhasshownexcellentresultsat 3 hospitals
in Mumbai.Trials on "p coated stents now
encompass70 patientswith encouragingresults.
Samerium-153phosphonatecomplex for pain
palliationin terminalcancerpatientshasbeentried
in 25 patientsin two hospitals. Holmium-166
hydroxyapetiteparticleshavebeendeveloped
for
treatingarthritisand tried in 25 patientsin one
hospital.Highpurityceriumchloridewassuppliedto
Davos Corporationof USA for pharmaceutical
applicationsfor the first time. A new Plant for

processing of 18611"Re has been commissioned to
handle upto 5 Ci activity. A Sr-Y generator has
been developed and tested with excellent results.

On the technologyfront, togetherwith Advanced
Propulsion
FacilitiesDivisionof fheVikramSarabhai
SpaceCentre,an indigenously
developed250kW
Constricted
ArcPlasmaGeneratorwasqualifiedfor
testingstrategicthermalprotecfionsystemsfor
rocket motors and re-enfry simulatordevices.
ANUPAMseriesParallelProcessingSystemshave
nowreacheda largenumberof institutions
suchas
fhe NationalCentrefor MediumRangeWeather
Forecasting,Delhi; Aeronautical Development
Agency,Bangalore;
VikramSarabhaiSpaceCentre,
Thiruvananthapuram;
IndianInstituteof Technology,
Mumbaiand Kanpur;The Instituteof Physics,
Bhubaneswarand Nuclear Power Corporation.
Developmentof a 64 node system,which is
expected to deliver about 25 Giga Flop
pertormance,
is nowunderway.
Tosupportbasicresearchactivities,anindigenously
built Folded Tandem Ion Accelerator(FOTIA)
capableof deliveringheavyion beamsuptoA-40
and beamenergyupto66 MeVwitha maximum
terminalvoltageof 6 MV has beensuccessfully
commissioned.The TACTIC(Tev Atmospheric
CerenkovTelescopewith ImagingCamera)aITay
installedat MtAbuin Rajasthanwill be fullyready
for sustainedobservationsin a few months.
Synergybetweenbasic researchand technology
deveiopment
hasbeenthe hallmarkof activitiesof
BARC.Wenowhavea numberofTaskForceswith
well definedobjectiveswhichare active. I expect
such interactiveworkingacross the disciplines
wouldfurtherboostthis synergyandresultin rich
dividendsinyearstocome.
Alltheg- Planprojectsareprogressing
wellandwe
now have a system of coordinatedfollow up
involvinginteractiveworkingof a largenumberof
individuals.Thisapproachhascontributed
to more
efficientprojectimplementation
andI do hopethat
wewillachieveourg. Plangoalssuccessfully.
We
havealsobegunbrainstormingdiscussions
on our
futureactivitieswhichwouldtakeourscientificand

technologicalachievementsto a much greater
height Afterall, it is clear that mostof the new
thrusts in our future programmehave to be
indigenously
conceived
to addressourownspecific
nationalproblems.Onthebasisofstrengththatwe
havebuiltupovertheyears,I havenodoubtthatall
of us wouldsucceedin our missionsthroughour
interactive
supporttoeachother'sactivities.
,.
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CHAIRMANPRESENTS
DAEAWARDSTO STAFF

The Department
of AtomicEnergy(DAE)instituted
anAwardSchemeintheyear1993forScientificand
Technical Excellenceto recogniseexceptional
accomplishments
and meritoriousachievements,
and to create a congenialmilieu for nurturing
excellenceand fostering creativityamong the
membersof the DAE staff who are engagedin
Research,Developmentand Engineeringin the
frontiersof Scienceand Technology
dedicatedto
thedevelopment
of thenation.

Mr AK. Anand, Director, Reactor Projects Group and
TechnkalCoordinal~n
& Intemat~nalRaJations
Group,BARC
announcing
Ihanamesof thoDAEawardwinna" forthoyear
1999

Thenamesandachievements
of thevariousaward
winnersfor 1999werereadout by Mr AK Anand,
Director,ReactorProjectsGroup and Technical
Coordination& InternationalRelationsGroup,
BARC, and the awards were distributedby
Dr R Chidambaram,Chairman,AEC, on the
Founder's
Day.

TheAwardScheme
consistsof threecategories
of
Awards.
(A) HomiBhabhaScience& TechnologyAward
(B) TechnicalExcellenceAward
(C) MeritoriousServiceAward
Theseawardsaregivenannually.
(A) HomiBhabhaScience& TechnologyAward
is thehighestamongthethreeawards.It consists
at : (a)a citation,(b)a medal,and(c)acashaward
of Rs.50,000/This awardis givento an EngineerlScientist
who
has madeoutstandingcontributionstowardsthe
advancement
of scienceandlortechnologybased
on originalresearchin thefrontierareasof science
or frontline developmentin engineeringand
technology which would reflect excellence
commensurate
withnationalnnternational
standards.
Thisyea(theawardwasgivento:
Dr T. Jayakumarof Non-destructive
Testingand
Evaluation
Section,Metallurgy
andMaterials
Group,
Indira Gandhi Centre for Atomic Research,
Kalpakkam.

Dr T. Jayakumar'swork has encompasseda
numberof areasof whichspecialmentionmaybe
made of the developmentand applicationof
advancednondestructive
testingtechniquesand
proceduresfor the charactensationof microstructures,residualstresses,tensiledeformation
andfractureprocess,creepandfatiguedamageand
phasetransformations
in severalimportant
structural
materials.
The specialaccomplishments
of Dr Jayakumarin
the areaof NDT&Eincludeintegntyassessment
of
thenngbeamofthedomeoftheKaigapowerplant,
examination
of steamturbinecomponents,
residual
stress measurements
and failure studiesof the
turbineblades,qualification
of FBTRcladdingtubes,
assessmentof the integrityof heavywaterplant
componentsand applicationof micro-focalXradiographyfor defect detectionin tube-to-tube
sheet weld joints of steamed generatorsof
Prototype
FastBreederReactor(PFBR).
The R&Deffortsof Dr Jayakumarhaveled to the
developmentof intelligent processing based
methodologies
for qualityassessment
of endcap,
spacerpadand bearingpadweldsof PHWRfuel
sub assemblies,of a laser based non-<:ontact
etchingtechnique
for uraniumdioxideandotherfuel
matenalsand of a focusededdy currentprobe
assembly
for thedetectionof scratches
ontheinner
surfacesof thecalandnatubesof PHWRs,
(B) The secondcategoryof the awardsis the
Technical Excellence Award. This award is
conferredon an Engineer/Scientist
whohasmade
outstandingcontributionsandlor ideas,or made
specialeffortstowards'

Dr R. Chidambaram,
Chainn,n,AEC,presentingthe Homi
Bhebha Science & Technology Award, 1999, to
DrT.Jayakumar

DrT. Jayakumar
wasconferredthe HomlBhabha
Science& TechnologyAwardfortheyear1999for
hisoutstanding
contnbutions
to thedevelopment
of
nondestructive
testing and evaluation(NDT&E)
methodologies
andtheirapplications.

(a) Development
of a new orimprovedequipment,
machine,materials,processof devicewithproven
resultsmeetingtheimmediateuserrequirements
or
futuristicneedsor bongingcreditto therespective
Unitandlorleadsto importsubstitution,
technology
transfer, etc. (b) Practicalconstructiveideas/
suggestionsleadingto betterutilisationof human
resources,matenals,processes,devices, etc.
resultingin higherefficiencyandsignificant
financial
savingto the Government;
andlor(c) Handlingof

emergencyor crisis situations,exhibitingrare
alertnessandskilltherebyavertingaccidenUserious
plantsituation;andlor(d) Highlyefficientplanning
and execution of important assignment in
multidisciplinarylmultiorganisational
time bound
projectsofvitalinterest10thenation,andexcellence
in troubleshootingforexpeditious
implementation
of
ongoingprojects.
TheAwardconsistsof : (aj a citation,(b)a medal,
and (c)acashaward01Rs.20,0001Thisyeartheawardwasgivento :

(i) MrY.S.Mayya
Head, Distributed Automation & Control Section,
Control Instrumentation Division,
E&I Group, BARC.
Qi) Dr Praveen Chaudhary
Industrial CO Laser Section,
Centre for Advanced Technology,
Indore.
(i) Mr Y.S. Mayya was conferred the Technical
Excellence Award for the year 1999 for his
meritorious contributions to the area of automation
and control systems.

RadioTelescope(GMRT),Pune. He has shown
commendable
initiativein startingdigitalnetworking,
monitoring
andcontrolsystemsarchitecture
for their
usein DAEptants.Hehassignificantly
conllibuted
to technology
development
lor defenceapplications
and, in this context,mentionmay be made of
AntennaControlSystemsforthe FALCONandPTA
projects,Stabilisation
andTrackingSystemlor AD
Project,AntennaPlalfonnUn~for Multi-mode
Radar
of LCAandRbre-Optic
GyrobasedLandNavigation
Systemfor batiletanks. The workcarriedout by
himwithregardto GMRTAntennaControlSystems,
TokenBusnetworksfor NuclearPowerPlantsand
Micro-processor
basedTractionControlSystemfor
Thyristorised
ACLocomotives
havealsobeenof an
exemplarystandard.All these activitieshave
resulted in the creation and consolidationof
expertisein areassuchas digitaVanalog
hardware
design,real time software modellinganddesign
usingobjeclmodelling
techniques,
establishment
of
software engineeringpractices with adequate
documentation,
developmentof real time kernels,
modellingand simulationof dynamicsystems,
antenna and motion control systems, inertial
navigation,computernetworks,etc. and have
constitutedimportantinputsto the development
of
indigenous
technology.
(ii) Dr PraveenChaudharywas conlerredthe
TechnicalExcellenceAwardfor theyear1999for
his very significantinnovativecontributions10
frontlinelasertechnology.

Mr Y.S.I./ayyafflC8iving the Technical Excellence Awarr1from
R. Chidembaram, Chairman, AEC

MrY.S.Mayyahasbeenverysuccessfully
involved
in the innovationsof digitally controlledand
networking systems and has pioneered
developmentai
activitiespertainingto large size
automationcontrolsystemslor importantnational
facilitiessuchas EarthStation,Dehradun,Master
ControlFacility,Hassan,and Giant Metre-wave

Dr PraveenChaudharyraceivingthe TB<hnic81
Excellence
AwardfromDrR.Chidambaram,
Chairman,
AEC

In the contextof Dr. Chaudhary'scommendable
work, a specialmentionmay be made of his

involvement with high power carbon dioxide lasers,
pulse power technology, power electronics, and gas
discharges.

Theawardconsistsof : (a) a citation,(b) a medal,
and(c)a cashawardof Rs.10,000/-.
Thisyeartheawardwasgivento :
(i)

Dr Choudharyhas been associatedwith the
development
of varioustypesof electricalpower
suppliesfor highpowercontinuous
wave(CW)and
pulsed carbon dioxide laser and also for the
excitation,powercontroland protectionsystems
necessary
fortheirefficientandsafefunctioning.He
hasbeeninstrumental
in providingextremelyuseful
electrical
development
supportfora numberoftypes
of laserssuch as multi-kilowattCW-COiasers,
TEA-COlaserandRF-excited
fast-axial-flow
(FAF)
CW-COlasers. ForCW-COiaserspre-ionisation,
he has developedall solid state magneticpulse
compressionbased pulser circuits replacing
thyratron,and switched mode power supplies
(SMPS)of 2 kV,25 and35 kWratingsfor pulsed
operationand powermodulationof theselasers.
Thisdevelopment
of magneticpulsecompression
to
eliminatetheneedof thyratronisoneof thepremier
examplesof his importantcontributionshaving
considerable
impacts. For FAF-COlaser,he has
developed7.5 kW,6.5MHzRF powersourceaod
matchingnetworkfor couplingthe RF powerto six
dischargelimbsof thislaser. Theimpressive
listing
of his achievementsextends to such specific
examples
asto thedevelopment
of atriggerunitfor
1 kW averagepowerNd : YAG laserandto the
development
of a 25kHzinductionheatingunitfora
vacuumfumaceusedin chemicalvapordeposition
application.All in all Dr. Chaudharyhas several
firsts to his credit and they are remarkable
technically.
(C) The third categoryof the award is the
Meritorious Service Award, This award is
conferredon an employeewith a minimum
continuousserviceof 20 yearsor morewhohas
exhibitedconsistent
improvement
in skill,technology
ability, includingoutstandingperformancein the
maintenance
of equipment
andfacilitiesresultingin
reductionin idle time and increasein effective
utilisation.Emphasisis aisoon consistentlyhigh
performance
andachievingperfection
inwork.
11

Mr AshokR.Kamath,
Environmental
Assessment
Division,BARC
(ii) MrS.R.Kumbhare,
PlasmaRadiation
Section,CAT,Indore
(iii) Mr.J, R. Mishra,
TSD,Engg.ServicesGroup,BARC
(iv) MrA,M.Muneer,
CentralWorkshops,
IGCAR,Kalpakkam
(v) MsM,Radhika,
PhysicalMetallurgy
Section,
MaterialsCharacterisation
Section,
IGCAR,Kalpakkam
(i) Mr Ashok R. Kamathwas conferredthe
MeritoriousServiceAwardfor the year1999for
his sustained contributionsto the field of
thermoluminescence
dosimetry.

Dr R. Chidambaram.Chai""an. AEC, prasentingthe
Meritorious
ServiceAwardtoMrAshokR.Kamath

Duringthetenureof overthreedecadesof service,
Mr AshokR. Kamathhasinvolvedhimselfwitha
numberof programmes.He was an important
contributorto the monazitesurveyprogramme.He
has also been involvedwith the country- wide
radiation(background)
surveyand,morerecently,
with the environmental
radiationmonitoringbeing
carried out using TLDs at different nuclear
installations.
Toquantifyhisimpressive
contributions
it maybe addedthathe undertakes
thefabrication
of about 500 TLDs on a quartertybasis and
subsequently
recordsthe TL glow curvesof the
exposedonescomingbackfromdifferentstations.

Hisconfidentdispositionhasalwaysstoodhim in
goodstead.
(ii) Mr SudhakarR. Kumbharewasconferredthe
Meritorious
ServiceAwardfor the year 1999for
hismeritorious
contJibutions
to somespecificareas
in thefieldsof highpowerNd: glasslaserssystems
andX-raydiagnostic
systemsfor measurements
in
laserproducedplasmas

Mr J.R. Mishra receiving the Meritorious Service Award from
Dr R. Chidambaram, Chainnan, AEC

Mr Sudhakar R. Kumbhare receiving the Meritorious Service
Awerd from Dr R. Chidambarem, Chainnan, AEC

During the last two decades, Mr Sudhakar
R.Kumbhare
hasbeenverycompetently
workingon
laserplasmainteraction,Heis oneof themembers
involvedwiththedevelopment
of the1000gigawatt,
25pseclaser systemwherecontributionspertain
mainlyto the designand development
of laser
amplifiers,spatial filters and isolators.He is
extremelyknowledgeable
abouthigh powerlaser
systems and amply processesthe technical
expertiserequiredforsettingupthesesystems,The
list of his contributionsis enriched by his
independent
involvement
withthesettingupofsome
laserplasmadiagnostics,
(iii) Mr j,R, Mishrawasconferredthe Meritorious
ServiceAwardfortheyear1999for hismeritorious
contributionsin activities pertaining to the
maintenance
of electrical
equipment.
In the spanof about35 years,Mr J.R.Mishrahas
acquiredcommendable
skills in maintenanceof
electricalsub-stationfacilities,especiallypower
transformers,switchgears,cables, transmission
linesandswitchyardfacilities,To specifically
and
representatively
namesomeof his involvements,

mentionmay be made of the installationand
commissioning
of 1250kVA, 22 kV/433Vtransformers and the LCLPsubstation
at Vashiof 11
kV load breakswitch and associatedcablingat
TrombayHill, and of 22 kV switchgearsand
overhauling/litting
of OLTCdiverterswitchesof 110
KV/22kV/11kV, 50 MVAtransfomners,
He has,
besides,eameda reputationfor himselffor his
dispositiontowardscompetent
handlingof electrica
breakdowns
andhisproficiency
infaultrectification
(iv) Mr A. MohamedMuneerwas conferredthe
Meritorious
ServiceAwardfor the year1999for
hissignificant
contributions
tothefieldof welding,

Mr A. MohamedMuneerreceivingthe MeritoriousServke
AwerdfromDrR.Chidambaram,
Chainnan,
AEC

Since 1974,Mr A. MohamedMuneerhas been
intenselyinvolvedwiththeartof weldingof avariety
of materialsunder diversesituations,A specia
mentionmaybemadeof somerepresentative
jobs
undertaken by him pertaining to reacto
components,structures,pressurevessels,hea

exchanges
and storage tanks, involvingstainless
steels,carbonsteels,lowalloysteelsanda hostof
non-ferrous
metalsandalloys. Hehasearnedthe
reputationof beingoneof the mostaccomplished
welderswho can successfully
handlespecialised
jobs, however difficult, with confidence and
expertise.Besideswelding,he hasalso mastered
othermetaljoiningprocessesandhasundertaken
importantandspecialbrazingjobs. He is the role
modelanda sourceofinspiration
forhiscolleagues.
For his commendable
contnbutions,
he has been
awardedthe Best Craftsmanin WeldingAward
(1969),Best TechnicalPaperAward(1998)and
Mentorious
Employee
GroupAward(1999).
(v) Ms M. Radhikawasconferredthe Meritorious
ServiceAwardfor the year1999for herexcellent
work output pertainingto the applicationsof
scanningelectron microscopyin the study of
matenals.

her workrelatedto failureanalysishas beenvery
usefulto a numberof otherindustries,

XIITHALL INDIAESSAY
CONTESTIN NUCLEAR
SCIENCEAND
TECHNOLOGY
The DAE All India Essay Contest in Nuclear Science
& Technology for students studying for graduation
was started in 1989 and thereafter it has become an
annual feature, This year's contest was 12- in the
series, The students were required to write essays
on one at the two topics that were specified for the
contest. The topics for this years contest were:
(A) "Role

of

Nuclear

Power in India's Long

Term Energy Needs"
(B) "Non-Power Applications of Nuclear Energy"
A total of 477 essays consisting of 254 essays on
first topic and 223 on the second one were received,
A total of 131 essays were written in various
languages other than English,
The wntten essays were evaluated by 7 to 8 groups
of evaluators from BARC, NPCIL and BRIT. The
Ms M. Radhika receiving the Meritorious Service Award from
OrR. Chidambaram, Chainnan, AEC

Dunngthetenureofnearly23yearsof servicesince
1977, Ms M. Radhikahas had an extensive
involvementwith the use of scanningelectron
microscopyin alloy development,
failureanalysis
and materials charactensation.The excellent
micrographs
obtainedby her, havebeencrucially
importantin a 'numberof cntical investigations
involvinga varietyof materials.Shehasalsobeen
associatedwithotherphysicalmetallurgyactivities
such as heat treatmentsand metallography.
Ms Radhikahas appiiedherselfverycreditablyin
relationto manyR&Dprogrammes
havinga direct
bearingon nuclearpowerproduction.In addition,
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thirty finalists were invited to come to BARC for
giving oral presentation of their essays.
In the oral presentation, a panel of judges for each
topic evaluated the performance based on the
presentation and the question-answer session that
followed. Pnze winners were decided on the basis
of total marks obtained both in written essays and in
the oral presentation,

The popularityof the essay contest amongst
universitystudentscouldbe judgedfromthe fact
that in the last 12 years,overa thousandessays
havebeenreceived,Essayscouldbewnttenin any
officialIndianlanguage
or English,Itwasinteresting
to notethatabout40%of thecontestants
havebeen
girlstudents,

Dr Chidambaram,
Chairman,AEC,gaveawaythe
prizesto the winnersof the essayconteston the
BARCFoundersDay,October30,2000.

Dr R. Chidambaram, Chailman, AEC, with winna" or the At!
tndia Essay COnlast in Nuclear Science & Technology

PrizeWinners:
TopicA : "Role of Nuclear PowerIn India's
Long TermEnergyNeeds'
FirstPrize'
PrasanIDas(IIn'yearComputer
Engg.,Bidar)
SecondPrize: RD, Mistry(IIn'yearMech.Engg.
Soiapur)
ThirdPrize
G.B.Swamy(IIyearB.Sc.,
Shimoga)
TopicB : "Non-Power
Applications
ofNucleer
Energy"
FirstPrize'
RS.Chauhan
(11I"year
B.Sc.,
Jodhpur)
SecondPrize Ms GauriJha(II""yearB.Sc.,
Patna)
ThirdPrize
K.G.Dhinkar(III"yearB.Sc.,
Tiruchendur)

MICROCOMPUTER
BOARDS
FORSAFETYCRITICAL
SYSTEMS
OFNUCLEAR
POWERPLANTS
ANDOTHERHIGH
RELIABILITY
INDUSTRIAL
APPLICATIONS
Shantanu Das, M.B. Pati!, D.A. Roy, C.K. Pithawa and B.B. Biswas
ReactorControlDivision

B.Ganarai
Fual Handling Conllol Section

UmeshChandra
Assoc. Director, Automation & Manulactunng Group

and
p, Sudhakar
Electronics Corporation of India Limited

Introduction
Microcomputers
found wide applicationin many
embeddedControl and Instrumentation(C&I)
systemsstartingin earlyeighties.However,its use
in safetycriticalsystemsof IndianNuclearPower
Plants(NPP)wasrestricted
tilllastfewyears,oneof
the mainreasonsbeing non-availability
of robust
designswith built-infault diagnosticand safety
features. Internationallyavailablemicrocomputer

boardsdid not have these desirablefeatures.
Hence, a family of (Intel/Motel based)
microcomputer
boardson a proprietarybuscalled
'EURObus', along with signal conditioningand
powersupplyboardswas developedin Reactor
ControlDivision.Thesedevelopment
effortsensured
self-reliance
on deliveringreliablecomputerbased
safety critical systemsof NPP and other high
reliabilityindustrialsystems.

These boardshavebeen used in safety critical
systemslike Programmable
Digital Comparator
System(PDCS),ReactorRegulatingSystem(RRS)
and ProcessControlSystem(PCS)in KAIGA-1,2
and RAPP-3,4. In Fuel Handling Control
System(FHCS)of Kaiga-1,2
andRAPP-3,4,
X-ray
diffractometersystem,TG vibration monitoring
systemandLasertuningsystem,boardsfromLOis
family havebeenused.Theseboardshavealso
replacedforeigndesignsin someC&Isystemsat
NFC.Recenlly,a prototypemulti-nodal
RRSfor 500
MWe has been integratedusing these boards.
Upgradation
of someC&Isystemsof Dhruvaand
Apsaraisplannedusingtheseboards.PDCS,RRS,
PCSand FHCSof KAIGA-3,4
will alsobe made
usingtheseboards.Thesemicrocomputer
boards
have been used in abovesystemsin different
configurations
likesinglecomputer,Dualprocessor
hot standby,Triplemodularredundancy
andMultiprocessor.
Morethan3500boardsof thisfamilyare
alreadyin usein variousC&Isystems.
This boardfamilyhas about40 differenttypesof
boardsneededfor variousC&I applications.
The
boarddesignsare NPCQA qualified.The boards
havedoubleEUROformat(233.34mmx 160mm)
These boards have been manufacturedand
suppliedby ECILfor the abovelistedapplications
andareavailable
fromthemasstandardproducts.
List of main function modules

1. Main processormodule with maths coprocessor

2. Expandable
memorymodule
3. Isolateddigitalinputmodulewithfiniteimpulse

4. Isolateddigitaloutputmodulewithreadback
5. Relayoutputmodulewithreadback
6. Multi-channel
12bitADCmodulewithonboard
calibration
andMUXfaultdetection
7. Multi-channel
16bitADCmodulewithonboard
calibration
andMUXfaultdetection
8. Isolated4-20mA currentoutputmodulewith
facilityto readback
9. 2 wire,3 wiresignalconditioning
moduleswith
isolationfor mV,RTDandcurrentInputs
10. Supplymonitoring,NMI managerand ballery
backedRAMmodule
11. Watchdogtimermodule
12. Intelligentcommunication
modulewithisolated
MODEM,
DMAandDPRAM
13. Expandableserial communicationinterface
module
14. Redundantnetwork interface & controller
module
15. Dualprocessorarbitratormodule
16. Busextendermastermodule
17. Busextenderslavemodule
18. Multi-channel
DMAinterfacemodule
19. Expandable
interruptcontrollermodule
20. Parallelprocessing
DSPmodule
21. Software
taskmonitormodule
22. Floppydiskinterfacemodule
23. IDEinterfacemodule
24. AlphaNumericKeyboardinterfacemodule
25. Alpha NumericDisplaycontrollermodule&
Displaymodule
26. Low and High inenial mini micro stepper
modules

.

27. Pulse widthdiscriminatorisolatorwith pulse
countermodule

testing

Some mein boan!s of furo-Bus microcomputer boan! family
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28. Proportional controller module for stepper motor
29. Servo amplifier for valve solenoid controller
module
30. Various digital and analog back plane modules

Micro-processor,coprocessors& support
chips
The processor architectureand timings are
importantissueswhileselectinga microprocessor.
Familiarity
andeasyavailability
of microprocessor
is
also an importantconsideration.For real-time
systems,assembly
languageknow-how
is essential
to get optimizedand reliablesoftwarecode and
hencetheinstruction
codeot microprocessor
should
besimple.
System bandwidthsrequired for various C&I
applications
werestudiedand2 to 4 Mbits/sec
data
BWwasfoundto be morethan sufficient.Higher
endmicroprocessors
like80286,80386,80486were
alsoconsideredbut werefoundto be overkill.For
C&Iapplications,
16bitdatabusand20bitaddress
bus was found to be sufficient.Intel 8086
microprocessor
was thereforechosen with its
powertulco-processor
set andsupportchipsfor its
familiaritysimplicityand availability.Thus the
designsof theseboardsare basedon Intelseries
and few motelserieschips. Choosinga simple
microprocessor(8086) and distributing the
peripheral
jobsto specialized
co-processors
(8088,
80186,87518087,82586,AOSP2100)
andsupport
chipsgaveelegant,reliableandrobustdesignwith
desiredthroughput
forvariousC&Isystemsof NPP.
Moreover
theseIntelseriesICsaregenericin nature
andareavailable
frommultiplesources.
Euro Bus:with 8086 natural signals
An extension of natural signals of chosen
microprocessor
in desired form factor gives a
reliablebus. The designersof reliableembedded
systemslikeSiemens,ABBandTriconixalsofollow
thiscriterion.Syste'!)designerswhohaveselected
Signetics 2670 or Texas TMS 32XX microprocessorshave used natural signalsof their
selectedmicroprocessor
andthus havetheirown

proprietary
buswithproperfonmfactor.Thispractice
aisosavescomponentcountsandreducestiming
errors thus giving elegant, simple and reliable
design.

Having chosen the main microprocessor
and
powertulco-processor/slave
processor,next step
wasto designboardsona suitablebus.Proprietary
bus signals were selected with 96 pin Euro
connector.RowsA andCwerededicatedforbasic
maximum-mode
8086 signals,along with power
inputs.Row B was used for serialand parallel
arbitration
signals,for multi-master
expansion.This
allocation
of signalsresultedindesignof mostofthe
boardsIn doublelayerinsteadof multi-layerthus
savingbarePCBcost.The 'EURObus'thus has
followingbussignals:addresssignalsAO-AI9,data
signals00-015,controlsignalsINTI-INT4,INTA,
HOLD, HLDA, SYSALlVE,LOCK, BHE, NMI,
MEMRO,MEMWR,lORD,10WR,RESET,CLK,
XACK,in A andC rowsof EUROconnectorand
multi-master
signalsARBCLK,BPRN(1-4),BPRO
(1-4)in B row of EUROconnector.A singlebus
structurewaschosenfor alltheboardsIncluding1/0
boards.
Features of EURO bus:

.

.
..
.
..
..
.
.

Full capability of 8086 and other co-processors

utilized.

All Intel/Motelprocessorsand co-processors
;ntertaced directly.
Single type bus structure to enhance reliability.
Swappability of any board anywhere in a bin or

anyotherextendedbusbin.
Expansionof bus OMA for multipleOMA
channeis
Expansion
of businterruptsupto02.
Any board can be configured in memory or 1/0

mapwithall memory& 110addressavailable
withoutgaps.
Boardabsencedetectionfacility.
Power fail management to gracefully shutdown

thenode.
Detection of absence of board (s) can be used
to reconfigurethe system.
Multi-masterexpansion up to four processors.

.

On bus failure,or any softwareor hardware
failure,theoutputscanbetakento desiredsafe
state.

Microcomputerboards

.
.
..

.

.
.

Board designs are based on generic
components. Long term availability of
componentsis thus assured from multiple
sources.
Generic compenentpin compatibilitygives
flexibilityto useMILor commercial
components
in samelayout.
Allcomponents
arede-ratedto 50%.
Thelogicdesignis openandnot programmed
or hiddeninto PAL,EPLDand FPGA.Dueto
thisbitflowandsignalscanbeeasilytracedfor
verification.
Servicingandrepairingwithgeneric
components
is easyanddoesnot requireany
programming
bysitestaff.
On-linefaultdetectionin hardwareis possibleto
a largeextent.
Boardsremovaland insertionwhilesystemis
running can be detected. Dependingon
application,thesystemcan be reconfigured
or
canbegracefully
shutdown.
Bus extensionto other bins up to 10 feet
distanceispossibleforlargeI/Oapplications.

.
.
.

Fail-safe features are provided either to freeze
or force the outputs to any desired value.
The field connections are provided through IDC
connectors on back-plane, which is a desirable
feature for easy maintenance.
All boards conform to PP-E-1443 of NPCIL.

Power supply boards
Forsafetycriticalsystems,reliablepewersupplies
areneeded.Powersupplyboardsweredesignedin
ReactorControlDivisionto get reliableandrobust
powersupplieswithhot pluggingandloadsharing
features.Thesepowersupplyboardsarebasedon
currentmodecontrollers
andhavedesiredcontroller
stabilitymargins.Thesepowersupplieshavebeen
used in variousC&I systemsof Kaiga-1,2and
RAPP-3,4and are now availablefrom ECILas
standardproducts.
Conclusions
A family of microcomputer boards with high reliability
and on,line diagnostic features has been developed.
The family of boards covers all pessible functions
needed in a C&I system. These boards have found
wide use in NPP and other critical jobs.

DEVELOPMENT
OF IN.SERVICE
INSPECTION
(ISI)SYSTEM
FORCALANDRIA
TUBESOFCIRUSREACTOR
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A calandriatube i~spectionsystem based on
measurement
by eddycurrentmethodhas been
recentlydeveloped
by In-serviceInspection
Section
of Research
ReactorServicesDivision.Theneedfor
inspectionof calandriatubes was stronglyfelt
because,in the year1971,thefirst calandriatube
developed
leakageandhadto beremotelyplugged.
Soon after 1971,arrangementswere madefor
measurement
of thicknessof the calandriatubes
usingabsolutecolieddycurrenttechniquebecked
upbyborescopic
visualinspection.
Intheyear1994,
theleakagein secondcalandria
tubewasdetected.

Fig.1 ECTprobe

(c) The main constraint in designing and developing
the eddy current probe was the smaller size
hole (21/8" dia ie.,54 mm) in 2 nos. of top steel
thermal shields through which the probe has to
pass in order to reach the calandria tube which
is of larger size 2 W' 10(57 mm).

M

l~

il

TEST

PROBE

Fig.2fGr probeinserledinsidethecalandriatube

In viewof the leakagesdetectedin two calandria
tubes, it wasdecidedto inspectall the calandria
tubesto studyanyageingeffectsinceGirusreactor
wasin operationfor nearly40 years.Thisdecision
calledfor development
of an accurateandreliable
systemforinspection
ofcalandriatubes.
TheISIsystemfor Giruscalandriatubeshadto be
tailormadeincorporating
specialfeaturesdueto the
followingreasons:
(a) Thetop of calandriawhichis the startingpaint
for calandriatube inspectionis about 17'
verticallybelowtheoperatingfloor(Topof pile).
The eddy current probe had to negotiate
throughvariousshieldson top of calandria
beforeenteringintocalandriatube.
(b) The probe was expectedto encountera
radiationfield of the order of 10' RIHr
duringinspection.

I

Accordingly, an eddy
current test probe was
designed,deveiopedand
fabricated to fulfill the
aboverequirements
for inserviceinspection
of 2 W'
10x 1/16"thickAluminium
calandria tubes (Fig.I).
The eddy current probe
consistsof8 nos.of spring
loaded
nylon
fins
positionedin two layers.
The finsget compressedl
expandedwhile passing
throughthe verticalholes
of differentsizesin thetop
shieldingandin calandria
tube. The springloaded
fins keeptheeddycurrent
differentialcoil concentric
with the calandria tube

and greatly reduce the
distortion signal due to
wobbling.The differential
coil of the probe is
connected
to adualfrequency
eddycurrenttester.
Fig.3 fGr probefor
GiNScalandria
tubes

Theprobecanidentifyshortdiscontinuities
suchas
cracks,pitsor other localiseddefectsin calandria
tubes. The defect signal can be recordedin
magnetictaperecorder.Laboratory
andout of pile
trials of the probewere earnedout on specially
madedefectreference
standardsfabricated
at Girus
and AtomicFuelsDivision. Initially,13 nos. of
calandriatubeshavebeensuccessfully
inspected
on trial basis (Fig.2& 3). This systemis fully
deployedand inspectionof 140 nos of calandria
tubeshavealreadybeencompleted.

IAEAlRCAREGIONAL
TRAININGWORKSHOP
An IAEA/RCARegionalTrainingWorkshopon
"ElectronBeam Processingof Paper Pulp for
Viscose Rayon Industry" was organised by
Radiation
Technology
Development
Sectionat Hotel
DaysInn,Mumbai,duringOctober23-27,2000.

Participants of the IAEA/RCA Regional Training Workshop on
'Electron Beam Procesoing of Paper Pulp for Viscose Rayon
Industry". Aslo seen in the pic/ura ara Dr J.P. Miffal, Directo,
Chemistry & Isotope Group, BARC (8" from right), and MrAK.

rayonindustry,cottonresearchinstitutesandfrom
the atomicenergyinstitutes.The workshopwas
inaugurated
by Mr A.K.Anand,Director,Technical
Coordination& IntemationalRelations Group,
BARC,andthe keynoteaddresswasdeliveredby
Dr J.P.Mittal,Director,Chemistry& IsotopeGroup,
BARC. Mr Anand, in his inauguraladdress,
highlighted
thekeyrolebeingplayedby Indiain the
RCA activities,while Dr Mittal, in the key note
address,emphasisedthe applicationof radiation
technology to develop environmentfriendly
processesthat minimizethe emissionof toxic
effluents and pollutants.The training course
consistedof classroomlecturesontopicssuchas
electron beam technology,radiationeffectson
cellulosicmaterials,technicalandeconomic
benefits
of EB technologyin the viscoseprocessand
radiationdosimetryfor the processcontrol. The
participantsalso visited the various radiation
processingfacilitiesat BARCand CenturyRayon
factoryat Shahad.Thefacultyconsisted
of DrTerry
Stepanik,IAEAexpert,technologists
fromtheIndian
rayonindustryandscientistsfromvariousDivisions
of BARC.

Anand, Directo, TC&IR Group, BARC (8" from right)

The viscoserayonindustryutilisestoxicchemicals
suchas carbondisulphidefor dissolvingthe pulp
andisfacingstiffregulations
fromtheenvironmental
agenciesas hazardous
gaseslikeH,Sareemitted
in theatmosphere.
Theuseofelectronbeamtreated
pulp significantlyreducesthe quantityof toxic
chemicals
requiredfordissolvingthepulpandhence
significantly
reducesthe pollutionlevelsassociated
withtheprocess.As a majorityof theviscoserayon
plantsnowarelocatedinthesouth-east
Asiaregion,
Indiabeingoneof themajorproducers,
the viscose
industryin the regionhasshownkeeninterestin
utilisationof EB technology.
Thetrainingworkshop
wasaimedat bringingtogetherthe personnelfrom
viscoserayon industryand radiationprocessing
institutesin the region togetherso that this
technology
canbesuitablyadaptedin theindustry.
Theworkshopwasattendedby 15participants
from
RCAcountries- China,Indonesia,
Korea,Thailand,
VietnamandIndia.Theparticipantswerefromthe
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BARC TRANSFERS
MEDICALTECHNOLOGIES
TO L & T LrD.
BARChas transferredto Mis Larsen& Toubro
Limited, Mysore, two technologies viz.,
(i) ImpedanceCardio-Vasograph,
and (ii) Cardiac
Output Monitoron August 9, 2000. Both the
technologiesare based on the principle of
ImpedancePlethysmography
andare non-invasive
in nature.
Impedance Cardio-vasog'aphis a medical
instrument
usedto assessthecentralandperipheral
blood flow in humanbody. Currentis passed
throughtheextremeendsof thebodywiththehelp
of two surfaceelectrodesand voltagedeveloped
acrossanytwopointsonthe bodyis measured
with

of.anotherpairof electrodes.Thisvoltage
inal'"is processedto derive the blood flow
informationin 'the body. Dueto its non-invasive
modeof working,theInstrumentcanberepeatedly
used in patientsfor the diagnosisof peripheral
vascularocclusivediseases,monitoring
of coronary
arterydiseases,
for posttherapeutic
assessment
of
ven6Usdisorders,cardiac disorders and fluid
retention. User friendly software has been
developedunderWindows98 usinglab Windows
CVI/NI.

Mr A.K. Anand, Director, Technical COcmlination&
InlemalionelRelation$Groupand ReactorProjec/sGroup,
handingoverIhe Technology
fran$fer documentto General
Manager,L &T Limfted,Mysore

CardiacOutput Moniorprovidescardiac output
signal which can be displayedon standard
oscilloscope/PCmonitor. It reveals pump
pertormanceof the heart.It will form front end
moduleto patient monitoringsystemuseful for
monitoring
of strokevolumeandcardiacoutputin
patientsin IntensiveCare Units and Intensive
CardiacCareUnits,exceptin patientswithshunts
andvalvularregurgitation.
Both the technologieswere developed by
ElectronicsDivision,BARC.Technologytransfer
activitieswerecoordinated
by Technology
Transfer
& Collaboration
Division,BARC.

BARCSCIENTISTS
HONOURED
.

TheAsiaPacificAcademyof Materials(ASAM)
has elected Dr S.K. Sikka,
Director, Solid State &
Spectroscopy
Group,BARC,
asits
memberfor the year200O..His
field of spedalisationis High
Pressure& ShockWavePhysics,
besidesNeutronandX-rayCrystallography.
. Dr Dipak Palit of Radiation
Chemistry& ChemicalDynamics
Division
,BARC,.hasbeenselecfed
to receive the Rev. Fr." EM.
YeddanapailliMemorial
Awardof the
IndianChemicalSocietyfor theyear
1999for hisoutstanding
researchcontribution
inthe
fieldof ultrafastchemistry.Theawardconsistsof a
medalanda citation,to be givenawayduringthe
AnnualConvention
of Chemists,
2000,to beheldat
GurukulaKangriUniversity,
Haridwar,in November,
2000.
. Mr T.K.Sahaof Laser& PlasmaTechnology
Division,BARC,wasawardedthe KCPbestpaper
awardon January20, 2000,during
the Symposiumon'" Joining of
Materials', held at Tiruchirapalili.
The award was for his paper,
"Electron.
BeamWeldingof Copper
to AISI-304SS"by TK Saha,A.K.
Ray, B.K. Shah,K. Bhanumurthy
and G.B. Kale
presentedat International
WeldingConference
on
Welding& Allied Technology,organizedby the
Indian Instituteof Weldingin associationwith
Confederation
of IndianIndustryat NewDelhiduling
February15-17,1999.

