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I Introduction
'.

Optimumpertormanceof a reactordependson thequalityof the fuel loadedinto it..Accuratechemicalanalysisofuraniumandplutoniuminthenuclearfuelsisanessential
I activityin the qualityassuranceprogramme.Theanalyticalmethodsdevelopedfor
. chemicalassayhaveto be regularlycheckedfor theirreliabilityby analysingcertified.chemicalreferencematerialswhicharewellcharacterisedcompoundsof well-defined

stoichiometryandhighpurity.Besides,thesematerialsensureuniformityinperformance
indifferentiaboratoriesandcanbeusedfarroutinecheckingofmethodperformanceand
eliminationofbias.

A referencemateriai(RM),as defined in iSO guide30 (1992),is a materiator
substance,oneor mareof whosepropertyvaluesaresufficientlyhomogeneousand
well establishedto be usedfor calibrationof an apparatus,the assessmentofa
measurementmethod,or for assigningvaiuesto materials.Referel
accompaniedby a certificate f whosepropertyvaluesare
procedurewhichestabiishes raterealisationof the
thepropertyvaiuesareexpr eachcertifiedvalueis ,
by an uncertaintyat a stated ce, is knownas Certified
Materiai(CRM).
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Uraniumand plutoniumreterencematerialsare
producedto calibratereagentsused in titrimetric
methodsor to checkinstrumentaltechniqueslike
electrochemicalmethods.Highpurityuraniummetal,
U,O, and sinteredand depleteduraniumdioxide
pelletshave beenpreparedas elementalreference
standardsforuranium.UraniummetalandU,O,are
listedasreferencematerialsforuraniumasSRM960
andSRM950brespectivelyby NationalBureauof
Standards(now known as NationalInstituteof
StandardsandTechnology,NIST).

For plutonium,high-puritymetalhas long been
acceptedas an RM.It wasfomnallyavailableasa
standardreferencematerialfrom NIST,as SRM-
9490.AlthoughNISTnolongerproducesor supplies
thismaterial,it is availableas a certifiedreference
material(CRM)fromNewBrunswickLaboratory,as
NBL-CRM126.Plutoniummetalisalsoavailablefrom

Commissariata l'EnergieAtomique,France,asCRM-
MP2.Anotherplutoniumreferencematerialis made
availablein thefomnof PuO,powderas European
CommunitycertifiednuclearreferencematerialEC-
NRM210.HalWellLaboratoryof theUnitedKingdom
Atomic EnergyAuthorityhas also reportedthe
availabilityof a Pu-Gaalloyreferencematerial(UK
Pu1 80990)containing(98.075:!: 0.0017)wt %
plutonium. Pu-AI and compoundsCs,PuCI6,
Pu(SO4)2.4H,Oand its anhydroussalt have also
beenevaluatedfortheiruseasRMs.

MetalRMsarereadilyoxidisedin air,aredifficultto
cutinmassivefomn,andarehardtocleanif theyare
inthefomnof tumings.Forthisreason,uraniumand
plutoniummetalstandardsarestoredandsuppliedin
theglassampoulessealedininertatmosphere.Once
thevial is openedandthesurfaceis cleaned,the
entiresampleshouldbe used. The oxidesof
uraniumandplutoniumundergodeteriorationonlong
storagein theatmosphericconditions.U,O,should
be heatedto 900°C beforeuse to achievethe

stoichiometryand PuO, must be calcinedat
1250°Cfor two hours,beforeweighing.Besides,
suchhigh-firedmaterialsarechemicallyinertandcan
bedissolvedonlywithdifficulty.

ThoughPu(SO4j,.4H,Oanditsanhydroussalthave
been evaluatedas standardreferencematerial

(SRM)forplutonium,thecorrespondingsulphatesof
uraniumdo notsatisfythenecessaryrequirements
of a standardmaterial.Hydrateduraniumsulphate
doesnot havea defineddegreeof hydrationand
hencenot consideredsuitableasa standardassay
material.Also,anhydrousU(SO4his foundto be
unstableat ambientconditions.Detailedphysico-
chemicalevaluationof thestability,stoichiometryand
purity of severalalkali metal uranium(IV) and
plutonium(lV)double sulphatesdone in Fuel
ChemistryDivision eventuallyresulted in the
identificationof Rb,U(SO4)Jand I<4PU(SO4)4as
suitable referencematerials for uranium and

plutoniumrespectively.

Fig.1.Struc1ureof{Pu~SO,).ranioninK4I'u(So,),.2H20

Though uranium salt crystaUises from solution as

anhydrous salt, I<4PU(SO4)4is prepared by heating

I<4PU(SO4)4.2H,Oat 250°C. The structural study on

K,Pu(SO4)4.2H,Ohas shown that the compound can

be better represented as KaPu,(SO4),.4H,Oand that
the water molecules are not coordinated to the

plutonium atoms. The removal of the water molecules

by heating at 250'C, therefore, does not affect the

structure of the [PU,(SO4),j' ion as shown in Fig. 1.

This was confimnedfrom the infrared spectral studies

which showed that the spectra of anhydrous and

hydrated compounds are similar except for the

presenceof absorptionpeaks due to water molecules

in the dehydrate.



Preparationof RMs for Uranium and
Plutonium

Thepreparationof RMsreouireda greatdealof
planningpriorto undertakingactualactivityin the
project.A substantialpartof theplanningdealswith
theamountsof materialneeded,aswellaswiththe
designof homogeneity,stabilityandcharacterization
studies,The designalso includesthe choiceof
appropriatemeasurementmethodsforthesestudies.

RMsfor uraniumandplutoniumwerepreparedin
threedifferentlotsfromhigh-puritymaterialsinacid-
leachedquartzwaresby addingrespectivealkali
sulphatesto the solutionsof uranium(lV)and
plutonium(IV) in sulphurlcacid medium.Further
purificationof the compoundwas achievedby
recrystallisingtwicethematerialsfrom1.0MH,SO..
The crystallisedcompoundshad the molecuiar
compositionasRb,U(SO.hfor theuraniumsaltand
I<4Pu(SO.)..2H,Ofortheplutoniumsalt. Thecrystals
werewashedseveraltimes with absolutealcohol
anddriedina currentof air.I<4Pu(SO.)..2H,Owas
dehydratedat 250°C to obtain anhydrous
I<4Pu(SO.)..Inthisway,Rb,U(SO.handI<4Pu(SO.).
werepreparedin threedifferentlotsandstoredin
glassbottlesinadesiccator.

Characterizationof RMs

Characterizationof the finallyproducedreference
materialsis one of the most importantactivities
before their use in chemicaianalysis. Final
characterizationof Rb,U(SO.handI<4Pu(SO.).was
carriedbyusingfollowingtechniques:
X-raydiffraction

. Thermogravimetry. UV-visiblespectroscopy. Infraredspectrometry. Emissionspectroscopy. Redoxtitrimetry. Gravimetry

Characterizationand evaluationof the

uraniumand plutoniumwasdonefor:. Stability. Stoichiometryandpurity. Homogeneity. Solubility

RMsof

Stability

The stability studiesof RMswereperformedon
samplesstoredina desiccatorovera periodof two
yearsunderrepeatableconditionssimilarto those
neededfor homogeneitystudies.Thermogravimetric
pattemsshowedthatboththeRMsarestableupto
500°C.TG and DTA patternsof Rb,U(SO.hare
showninFig.2.Thematerlaisstoredinvialsshowed
no masschangeand the uraniumand plutonium
contentdeterminedin Rb,U(SO')3and I<4Pu(SO.).
respectivelyby redoxtitrimetricmethodsat regular
intervalsshowedno significantdifferencesat all
confidencelevels.

"mo"w",""""m,

~I'"~ 'I
'"

'" '""'
'""" ,{me

,

\\
'"mo""'""-'

Fig. 2 TG and OTA curves of Rb2U(SO.)3

Stoichiometryandpurity

Valence state of uranium and plutoniumin
Rb,U(SO.handI<4Pu(SO.).wasestablishedas +4
by dissolvingthesamplein H3PO.andrecording
theirUV-visiblespectra.TheIRspectrashowedthe
absenceof waterof hydrationin Rb,U(SO.hand



Table 1 : Resultsof all the five analystsexpressed in uranium% in Rb,U(SO.)3

D1 = Dissolution1, D2 = Dissolution2,

K4Pu(SO.).. Uranium content in Rb2U(SO.)3 and

plutoniumcontent in K4Pu(SO.). agreed well with the

values expected values for the stoichiometry of the

compounds within the precision of the method. The

chemical analysis of sulphate and for rubidium in

Rb2U(SO.)3 and potassium in K4Pu(SO.). further

established the stoichiometryof the compounds.The

resultsof chemicalanalysisare given InTable 1.

The punty of the products was detenminedby taking
into account the concentration of trace metallics

obtained by spectrometnc methods. The total trace

metallic constituents in Rb2U(SD.)3and K4Pu(SO.).

was less than 300 ppm of the sample. X-ray

diffraction pattems of all the three lots were identical,

and showedthe absence of any other phase.

Homogeneity

Homogeneitytestingis of pnme importancefor
certificationanduseofRMs.Inpractice,a matenalis
acceptedtobehomogeneouswithrespecttoa given
charactensticif thedifferencebetweenthevalueof

D3 = Dissolution3

thischaractensticfromonepart(orunit)to another
cannotbe detectedexpenmentally.A detenmination
of analytehomogeneityin RMswasperfonmedpnor
to assignmentofmetalcontentin RMsbyrepeatitive
detenminationof uraniumcontentRb2U(SO.)3and
plutoniumcontent in K4Pu(SO.).by electrometnc
methodsto confinmthat the vanationsbetween

bottles were neither statisticallynor practically
significantcomparedtothecertifieduncertainty(:1:0.1
%) so thatan appropnateresultaboutthe levelof
homogeneityisobtained.

Allthethreelotswerefoundtobehomogeneousand
lot to lot vanationswere foundto beinsignificant.
Subsequently,all the threelotsweremixedinto a
singlelot.

Solubility

Thesolubilitydataon Rb2U(SO.)3andK4Pu(SO.).
was obtained in HCI, H2S0. and HNO3by
equilibratingthecompoundsindifferentconcentrations
of threeacidsat roomtempreratureandin boiling

Protentiometry Amperometry Coulometry
01 02 03 01 02 03 D1 D2 D3
34.163 34.174 34.182 34.200 34.193 34.224 34.259 34.201 34.135

AnalystA1 34.161 34.163 34.177 34.214 34.193 34.082 34.190 34.254 34.233
34.129 34.146 34.129 34.199 34.172 34.199 34.172 34.085 34.139

34.185 34.240 34.185 34.198 34.215 34.255 34.206 34.157 34.208
AnalystA2 34.243 34.173 34.180 34.198 34.186 34.250 34.195 34.197 34.208

34.147 34.164 34.220 34.185 34.180 34.242 34.207 34.203 34.227

34.178 34.169 34.220 34.180 34.137 34.176 34.160 34.147 34.182
AnalystA3 34.223 34.160 34.177 34.183 34.149 34.190 34.171 34.164 34.170

34.178 34.178 34.203 34.182 34.170 34.168 34.132 34.179 34.133

34.178 34.330 34.186 34.026 34.091 34.227 34.147 34.163 34.164
AnalystA4 34.161 34.141 34.203 34.056 34.137 34.110 34.180 34.135 34.180

34.174 34.142 34.157 34.022 34.141 34.156 34.158 34.151 34.153

34.139 34.088 34.176 34.111 34.231 34.257 34.178 34.184 34.226
AnalystA5 34.114 34.102 34.083 34.145 34.140 34.178 34.191 34.241 34.163

34.121 34.126 34.163 34.143 34.166 34.179 34.154 34.210 34.235



water bath. Rb,U(SO,J, and K.,Pu(SO,), are soluble

in all acids and the maximum solubilitywas observed
in2t03Mnitricacid.

Assignmentof Value to Uraniumand
PlutoniumContent

Thecertificationor assignmentofconcentrationdata
whichapproachesas closelyas possiblethe 'true
value'togetherwithuncertaintylimits,is oneof the
mostimportantrequirementsfortheuseofRMs.Two
broad types of approacheswere used for the
assignmentof uraniumcontentin Rb,U(SO,J,and
plufoniumcontentin K.,Pu(SO,),.The statistical
approachrelieson in-depthapplicationofstatistical
calculationsto a bodyof analyticalresultsobtained
fromdiverseexcercises.

A necessaryconditionforcertificationof constituent
concentrationsisthatdeterminationmustbemadeby
at leasttwo independent,complimentary,validand
reliablemethodsbasedonmorethanoneprincipleof
measurementto avoidsystematicenrorsassociated
withanyparticularmethodor technique.Whenthe
resultsfromtwo,threeor morereferencemethods
agree,onecanhavea highdegreeofassurancethat
theyare likelytobeaccurateandtohavemorethan
one analystllaboratoryinvolvedto avoidpossible
specificbiases.Theapproachrequireddevelopment
of a statisticalplanforsamplingandmeasurement,
selectionof reliability methodologyof known
demonstrableaccuracy,maintenanceof statistical
control of measurementprocess, and quality
assessmentof thedatabyconcurrentmeasurement
of suitableRMs.Thesemeasurementsrequirethat
thesystematicandrandomerrorsof theprocedures
used to determinethe particularconstituentbe
sufficientlywellknownto statetheconcentrationof
thatmeasuredwithina requireduncertaintylevel.

For assigningthe value to uraniumcontentin
Rb,U(SO,J,and plutoniumcontentin K.,Pu(SO,)"
uraniumand plutoniumweredeterminedby three
different redoxtitrimetricmethodsby trainedand
experiencedanalysts.All the three methods
developedin theDivisionhavetheprecisionof the

sameorder(to.I%). Thefollowingmethodswere
usedforthedeterminationofuraniumandplutonium
in theweighedaliquotscontaining15to 20 mgof
uraniumorplutonium.

Method I: Redox tirimetric

potentiometricmethod as end
technique.
Method II: Redox tirimetric

ampereometricmethod as end
technique.
MethodIll: Coulometricmethod.

method using
point detection

method using
point detection
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Analyst

F/g.3.We~ht% of U in Rb2U(SO.)3in threedifferent-.
detel1l1/nedby fivedifferentanalysisemproyingthreedifferent
techniques

An experimentaldesignbasedon a Randomised
BlockDesign(RBD)waspreparedtoassignavalue
to metalcontentin RMs.Effectsof factorssuchas

method,inhomogeneityandlot werestudied.Since
all thethreelotswerefoundto behomogeneous,all
thethreelotsweremixedinto a singlelot. Forthe
combinedlot,threedisslolutionswerecamedoutby
dissolvingaboutonegramof thesamplefromthree
differentplaces.Five analystswere involvedfor
carryingouttheanalysisbythreemethodsmentioned
above.Eachanalystanalysedthreealiquotsfrom
eachdissolutionandbyeachmethod.Theresultsof
analysison Rb,U(SO,J,expressedas percent
uraniumaregiveninTable1.Thestatisticalvariation
of the dataare shownin Fig.3. Thedatawere
analysedusing RBD designswith methodsand



Table2: ANOVAfor thechemicallyanalyseddata

analysts as factors of RBO. The analysisof variance

(ANOVA) table for the chemically analysed data,

given in Table 2, shows that method-effect is

insignificantbut analyst-effect is significant. Using the

value of critical difference (cd), the results of the

analysts whose values are significantiy higher or
lower were excluded while assigning a value to the

uraniumcontent in Rb,U(SO4h.

The data analysisshowed that the mean of A2 differs

significantlyfrom those of others and hence resuitsof

analysts A2 were not considered for assigning the

value to uranium content in Rb,U(SO4h material.

Based on the data of anaiysts A1, A3, A4 and A5, a

value was assigned to uranium content. A value of

Tab Remarks

0.624
5.032

1.98
3.44

NS"
S'

[34.167 ~ 0.042(1,,)] % Wasassigned to the uranium

content in Rb,U(SO4)J.Simllady,the valueof [30.687

~ 0.009(1,,)]%wasassignedtoplutoniumcontentin
K.PU(SO4)4.Thesevaluesare in closeagreement
withthetheoreticaivaluesof34.152%and30.665%
for uraniumcontentin Rb,U(SO4hand plutonium
contentinK.PU(SO4)4,respectiveiy.

(Thefollowingofficersof FuelChemistryDivision
haveparticipatedinthiswork:

Preparationandcharacterization:DrRR Khandekar
andDrK.Krishnan;Chemicalanalysis:MsN.Mirashi
andMsAU. Bhanu,MrP.R.NairandDrU.M.Kasar;
Statisticalanalysis:Mr M.BYadav)

A SIMPLEFIELDMETHODFORTHEESTIMATIONOF
FLUORIDEINGROUNDWATERSFORCOMMONMAN'SUSE

S. V. Rao, Ritu Singh and S. C. Chaurasia
NationalCentreforCompositionatCharacterizationofMaterials
BhabhaAtomicResearchCentre
Hyderabad-500062

Fluorideis consideredas an essentialelementfor
human beings. In potabie waters, a fluoride
concentrationof 1 ~g/ml is necessaryto prevent
toothdecay.However,athigherconcentrations(>2
~g/ml), it has adverseeffectssuch as causing
fluorosis.Fluoridetoxicityis prevailantin various
pads of AndhraPradesh,MadhyaPradeshand
Gujarat.Dueto naturalas well as anthropogenic
causes,the levelsat fluoridein groundwaterscan

exceedthe permissiblelevels.Theselevelsmay
also varyfrom well to well and fromseasonto
season.Hence,periodicmonitoringofpotablewater
samples is necessary.If the water supply is
centralised,governmentagenciescan checkthe
qualityof thewaterinwell-equippedlaboratories.In
our country,most of the peopleuse their own
water sources. In such cases, checkingthe
fluoridecontentat everywatersourceis practically



impossibleby governmentlaboratories.Inorderto
monitorfluoride,thereis a needforfast,simpleand
costeffectivemethod,whichcanbeeasilyadapted
bycommonman.Visualcolorimetricmethodswould
bethemostsuitedforsuchapplications.Themost
commonlyused visual method is based on
bleachingof Zirconium-Alizarincomplex. This
methodrequiresone hourfor colourdevelopment
andmoreover,inthismethod,changeincolourwith
fluorideconcentrationis gradualandhenceaseries
of standardsneedto bepreparedforquantification.
Thisrequiresa skilledandexperiencedperson.

A methodfortheestimationoffluoridebasedonthe

bleachingofZirconium-Xylenolorangecomplexhas
beendevelopedat BARC.Zirconiumformsseveral
complexeswith xylenolorange. In the present
method,the metalto ligandratiowas optimised.
Acidityanddyeconcentrationwereoptimisedsuch
thatdistinctcoloursareproducedat threedifferent
levels (deficient,normaland toxic) of fluoride.
Zirconiumions,whichget polymerizedat a lower
acidity, affect colour- development. De-
polymerizationofzirconiumionshasbeenachieved
using specific treatment, which helps in
instantaneouscolourdevelopment.Stabilityof the
reagentsolutionpreparedhas beentestedfor a
periodof sixmonths.Purityof thedyeis alsovery
importantin gettingcolourcontrastand stability.

Thissimplifiestheprocedurethatanycommonman
cansoeasilyadaptit forfield-testing.

Finalreagentsolutionof zirconium-xylenolorange
complexwaspreparedby mixingrequiredamount
of dye with De-polymerizedzirconiumsolution.At
the time of analysis,1 ml of reagentsolutionis
dilutedwith 4 ml of water sample(1: 4). The
resultantcolourof the solutionif pink indicates
fluoridedeficient«1 ppm),brownindicatessafe
levelof fluoride(-1ppm)andyellowindicatestoxic
level(>2 ppm).A colourchart(Fig.1)canalsobe
usedasreference.Usingthisprocedure,analysisof
fluoridecan be carriedout withina minute.The

methodhasbeenfoundtobeverysimple,fast,and
costeffectiveandcanbe adaptedby anycommon
man.Thus,thecommonmancanconcludehimself
whetherthe water is suitablefor drinkingor not,
oncethe test reagentis madeavailableto him.If
the fluoridecontentis >2 ppm, it can also be
quantified with a minor modificationin the
procedure.Onemlof theresultantyellowsolutionis
tobetakenina graduatedtesttubeanddilutedwith
anotherreagentsolution,which is preparedby
mixing4 partsof distilledwaterand one partof
reagentsolution,till it turnsbrown.Thevoiume(ml),
at whichyellowcolourof thesolutionturnsbrown
(-1ppmcolour),equalstheconcentrationof fluoride
inppm.

<1 ppm
(Deficient)

-1 ppm
(Safe level)

Fig.1Co/ourchartforthreedifferentfluorideconcentrations

>2 ppm
(Toxic)
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Fig.2 Va- ofthe fluorideconcentration in ground waler in Nagarjuna colony (/iy!lo/BbadJ within a radius of 100m0tlOs with

Sai Sindhu GlOmmor School as origin.

Themethodhas beenappliedfor the analysisof
water samples(-200) from differentplacesof
Hyderabadand somefluorideaffectedareasof
Nalgondadistrict,AP.Fluoridecontentwasfoundto
be in the rangeof 1 to 11 ppmin the fluoride
affectedareas. Variationsof fluoridecontentw~h

respectto variousparameterssuchas distance,
depthand seasonwere studied.With respectto
changein distance,larger variationsin fluoride
concentrationhavebeenobservedevenin shorter
distances(Fig.2).Withrespecttodepthvariation,no
specifictrendwasobserved.As a partof seasonal
study,watersamplescollectedfromselectedbore-
wellswere anaiysedin the monthof June and
October.It was observedthat there was no

significantvariationof fluoridecontent.

Variationin fluoridecontentwith respectto the
distanceseemsto be very attractivefor getting
suitablewaterSOUItefor use in fluorideaffected

areas.Sincethismethodis fastandverysimple,~
canbeappliedto locateanywaterspo~s)withsafe
fluoridelevels,in fluorideaffectedareas,so that
peoplecandrawwaterfromthatsource. Recently,

thefluoride-affectedvillagesofMarrigudaMandaiin
NalgondadistrictofAndhraPradeshweresurveyed.
It hasbeenobservedthateachvillageishaving2 to
4 drinkingwaterSOUItes.All thewaterSOUIteSof
some selectedvillageswere tested for fluoride
contentonfield.Outof 12fluoride-affectedvillages,
11villageswerefoundto haveat least1or2 water
sourceswithneartosafelevelof fiuoridecontent(a
fewareshowninFig.3a,b,C,d). Theresultsof the
analysisweremadeavailableto thevillagers.The
samples were cross-checkedusing the Ion
SelectiveElectrodeatourlaboratoryandtheresults
werein goodagreeme~twithina variationof :!:0.5
ppm.

This reagentcan also be used to check the
saturation ievel of fluoride removai kits

(defluorinationunits) by analysingthe water
samplesfromits ouUetfor fluoridelevelat regular
intervals.No intenerencewas foundfromcations

andanionsat thoselevelsat whichnonnallythey
arepresentIngroundwaters.

The present method can also be used for
quantitativedeterminationof fluorideconcentration



15
0

i 4

<3 3
~
0,
u: 2

1 2 3 4 5

Flg.3a Diffmnt ware' sou.-c.. In Mamguda of Natgonda
o;st,'ct

'0

18
~
1 6
<3.
~4
u:

, 2 3 4
Fig.3c Diffe.-cntwate,sou.-cos In Rajahpet /I of Nalgonda

District

I-; 4
.S!

~
~ 3
<3.~
g 2u:

1 2 3

Flg.3b DifIe.-cnt wale, sou.-ces In Shodagonda of Nalgonda
D'st"ct

I
gr

<3

1 2
u:

, 2 3 4
Flg.3d Difle.-cntwawsou.-ces In Vasavi Shlva Na."in

Hydernbad



by measuringabsorbanceat absorptionmaxima
(550nm)usingspectrophotometer.Thismethodis
linearbetween0.04 and 1.00 ppm of fluoride
concentration.Sensitivityof thismethodhas been
computedas 0.00661191mlfor 1%absorbancewith
1cmopticalpathlength.

Cost pe' analysis: In the presentmethod,the
reagentcostperanalysisis-50 paisewhereasthe
commerciallyavailablekits couldcostas highas
Rs.250/-for each estimationwhich requiresa
portabiespectrophotometeralso.

FUELLINGMACHINE
HEADSDELIVEREDTO
NPCIL

A functionwas held at Hall No.3 at BARCfor

handingovertwo FuellingMachineheadsof 220
MWePHWR,oneforKaigaandanotherforRAPS
3&4,on October27, 2001. The machineswere
handedover by Mr B. Bhattacha~ee,Director,
BARC,to MrA. Sanatkumar,Sr.ExecutiveDirector,
NPCIL,after calibration,pre-commissioningand
acceptancetesting. Thesewerethe 32" & 33"
machineswhich have been tested at Fuelling
MachineTestingfacilityat HallNo.3 and Integral
Thermalfacilityat Hall-7.Withthehandingoverof
thesemachines,thepresentprogrammeof fuelling
machinetestingof 220 MWe PHWRhas been
completed.Initially, MrR.G.Agrawal,Head,RTD,
recounteda briefhistoryof this activityand also
mentionedthe utility of this programmefor
improvementin pertonmanceof fuel handling
system,handlingof incidencesat differentpower
reactorsanddevelopmentof toolsfor savingman
remduringinspectionandmaintenanceof coolant
channelsatsites. Hemadespecialmentionof the
techniquefor axialcreepmeasurement,BARCIS&
Wet Scraping. Mr Agrawalalso mentionedthe
contributionmadeby differentDivisionsof BARC
and NPCILin this programme.

Mr A Sanalkumar,Sr. ExoculiveDirectocNPCIL,speaking
duringIhafunelion.alhe" onIhediasare(from~n 10right):
MrRG. Agrewal,Head,RTD,MrAK. Anand,DirectocRPG,
BARC, Mr B. Bhaffaehatjee,Directoc BARC, and
Mr G.Govindrejan,Director,A&MandE&JGroups,BARC.

f\ j

FuellingMachinebeingunloadedfrom..- carlonwayto
Projectslores,NPCIL.

Mr Govindarajan,Director,A&Mand E&I Groups,
BARC,assuredfull co-operationto NPCILIn future
programmesof 220 MWe & 500 MWe PHWR.
Mr B. Bhattacha~ee,Director,BARC,mentioned
aboutthecomplexityof the fuel handlingsystem
notonlyin size,butalsotheprecisionengineering
requiredfor properworKingof thesystem.Healso
complimentedthe staff who contributedto this
programme.Mr AK. Anand, Director,TC&IRG,
BARC,recountedhismemoriesofworKingat Hall-3
andtoldtheaudiencethatPHWRprogrammewas
initiatedin Hall-3.MrSanatkumarthankedDirector,
BARC,for his presenceat the function.He also
recountedhispastdaysofworKingatHall-3wherehe

10



joinedfrom the the BARCtrainingschool. He
mentionedthatfuelhandlingprogrammehasbeen
quitesuccessfulasit hasbeenfullyindigenised,and
told the audiencepresentthat theyshouldmake
similar efforts to make 500 MWe programme
successful.

BARCSETSUP NUCLEAR
SCIENCECENTREIN
VIETNAM

As partof continuingcollaborationbetweenIndia
and Vietnamin the field of nuclearsciences,
"Vietnam-IndiaNuclearScienceCentre"(VINSC)
hasbeensetupatDalat,Vietnam,byBARC,

VINSCwas inauguratedby Mr B, Bhattacharjee,
Director,BARC,and Vietnam'sVice Ministerof
Science,Technologyand Environment,Dr Hoang
VanHuay,onJanuary10,2002,

Indigenouslydesignedandmanufacturedlaboratory
equipmentweresuppliedand installedat VINSC,
Dalal.ThelabequipmentarenowinuseinVietnam
andarelistedbelow:

1, GMCountingSystem
2, AlphaCountingSystem
3, RadiationSurveyMeters(y,x-ray,~)
4, GammaRaySpectrometer
5, GammaRaySpectroscopySystem
6, BF,NeutronCountingSystem
7, X-rayCountingSystem
8, DigitalPocketDosimeters
9, OFDirectReadingDosimeters
10,AtomicAbsorptionSpectrometer
11,GasChromatograph
12,ElectronicAnalyticalBalance
13,ElectronicSemi- MicroBalance
14,RadioactiveSources

15,ImageProcessingSystem(Trinocular-based)
16,RefrigeratedCentrifuge
17,Oven

11

18, 100 MHz Digitizer PC Add-on Card
19, IC Testers

Mr S, Bhaffachaljee,Diracto, BARC,givingthe inaugural
speechal Vielnam- IndiaNuclearScienceGenlra,Dalal,al
Vielnam

A large numberof Divisionsfrom BARC,viz"
ElectronicsDivision,ComputerDivision,Radio-
chemistryDivision,TechnicalPhysics& Prototype
EngineeringDivision,RadiationSafetySystems
Division,RadiologicalPhysics& AdvisoryDivision,
SolidStatePhysicsDivision,CellBiologyDivision,
HumanResourceDevelopmentDivision,andBoard
of Radiation& isotopeTechnologywereinvolvadin
variousactivitiesincludingequipmentspecfications,
selectionandinspectionforprocurementfromIndian
industry,suchas MisNucleonixSystemsPvt,Ltd"
Mis PlastoCraft Industries,Mis ShilalScientific
Industries,Mis ToshniwalInstruments(India)Ltd"
Mis PulsechoSystems,MisMechanfronicsEquip-
ments(I)PvtLtd"andMisNetalChromatographs,

Many of the radiationrelatedequipmentswere
designed,fabricatedandtestedinBARCindifferent
Divisionssuchas ED,RSSD,TPPED,SSPDand
Computer Division, Technology Transfer &
CollaborationDivisioncoordinatedthe complete
activityin BARCwith outsideindustries,DAEand
Vietnam,AccountsDivision,Directorateof Purchase
& Stores,and CentralStoresUnit executedvery
promptlyall jobs related 10 financialsanctions,
procurement,export worthy packing and air
freightingtheequipmenttoVietnam,



A teamof fiveexpertsfromBARCconsistingof
MrAM. Patankar,Head,TT&CD,DrA.G.Pageand
Dr TK Thulsidasof RCD,Mr Y.V. Chaudhari,
Computer Division and Ms Voleti Madhavi,
EiectronicsDivision,installedall theseequipments
atVINSC,Dalat,andtrainedVietnamesescientists/
engineersintheoperation,useandmaintenance.

Settingupa centreof thiskindoutsidethecountry,
with all indigenousequipment,was a unique
experiencefor BARCengineers/scientists.Every
agencyand individualinvolvedin thisendeavour
madebestefforisin planningand executingthe
assignedjobsintime,insucha multidisciplinaryand
multiorganisationaltime-boundactivitity.Thesetting
up of sucha state-of-the-aricentreas VINSCwith
completeindigenousknow-howand technology
demonstratesthe synergeticstrengthof BARCin
thefieldofnuclearscienceandtechnology.

IAEA/RCAREGIONAL
WORKSHOP

An IAEAlRCAregionaltrainingcourseon'Process
DiagnosticsUsing RadioisotopeTechniquesin
Petroleum/ChemicalIndustry'was conductedby
IsotopeApplicationsDivision,BARC,in association
withtheInternationalAtomicEnergyAgency(IAEA),
Vienna, duringDecember3 - 14,2001at Hotel
Parie International,Vile Parle (East), Mumbai.
Thirleen foreign parlicipants and 5 Indian
parlicipantsattendedthe workshop.The local
participantswere from Engineers(India) Ltd,
Gurgaon,MangaloreUniversity,Mangalore,and
VasantdadaSugarInstitute,Pune.Thecoursewas
inauguratedby Mr. A.K. Anand,formerDirector,
RPGand TC & IRG,BARC& former RCA
NationalRepresentative,DAE.

DrS.V.NavadaHead,IsotopeHydrologySectionof
IsotopeApplicationsDivision,BARC, gave the
welcomeaddress.Dr.N. Ramamoorthy,Associate

Director, Isotope Group, BARC, and Dr
K. Raghuraman,RCANationalRepresentative,
alsogaveaddresses.CourseDirectorMr.P. Sree
Ramakrishnanof IsotopeApplicationsDivision,
BARC,proposedthe vote of thanks.Mr. Philip
Bernefrom Franceand Dr J. ThufromAustralia

were IAEAexpertsfor the programme.Dr.Jovan
Thereska,TechnicalOfficer,IAEA,was present
duringtheprogramme.

Theperiicipantsof the tAEA/RCARegionalWorlrshopaiong
withtheseniorstaffofBARC

Thecoursedealtwithvarioustopicson radiotracer
and sealed source applicationsfor process
diagnosticsin petroleum/chemicalindustry.Faculty
for thecoursewasdrawnfromBARC,BRIT,UDCT
Mumbai,NCLPune,ONGC,etc.Useofsoftwarefor
validatingradiotracerexperimentwasdemonstrated
by the experts. Field demonstrationswere
conductedat RelianceIndustriesLtd, Patalganga,
and BorosilGlass works. Mumbai.Experiments
wereconductedin the laboratoriesof lAD,BARC.
The participantsalso attended the NAARRI
InternationalConference(NIC - 2001) at Hotel
OberoiTowersduringDecember12- 14,20001.
Theprogrammeconcludedon December14,2001
withdistributionofcertificatesto theparticipants.
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TRAININGCOURSEIN
'BASICRADIATION
PROTECTION'

The RadiationSafetySystemsDivision,BARC,
conductedathree-daytrainingcourse(January2-4,
2002)in basicradiationprotectionfor thebenefitof
thestaffmembersworkingin theNuclearRecycle
Groupat Trombay,TarapurandKalpakkam.The
coursewasconductedat theWasteImmobilisation

Plant(WIP)ConferenceRoom,Trombay.

The faculty and the pal1~ipants of the training cou". in 'Basic
Radiation Protection'

Mr ML Joshi,Head,RadiationHazardsControl
Section,welcomedthe participantsand informed
thatit wasthesecondsuchtrainingcourseafterthe
one conductedat the RadiologicalLaboratories.
Dr M.C.Abani,Head,RSSD,BARC,in hisopening
remarks,said that as BARCnow has its own
regulatoryfunction,thereis a greaterresponsibility
onthestafftomaintainthehighstandardsof safety
at BARC, Healsosaidthatthecoursehasbeen

speciallydesignedkeepingin view the safety
requirementsof the plantsin the NuclearRecycle
Group.MrV.P.Kansra,Director,NuclearRecycle
Group,BARC,in his inauguraladdress,saidthat
the trainingprovidedthroughthiscoursewouldbe
veryusefulIn Increasingthesafetyof theplantsin
theGroup.

Thirty-sixparticipantsfrom Back-EndTechnology
DevelopmentDivision,PlutoniumPlant, Waste
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ManagementFacility,Trombay,PowerReactorFuel
ReprocessingPlant,Tarapur,WasteManagement
Facility,Tarapur,KalpakkamFuel Reprocessing
Project and CentralisedWaste Management
Facility,Kalpakkam,attendedthe course,The
facultyfor thecoursewasdrawnfromtheHealth,
Safety& EnvironmentGroup,BARC. Thecourse
consistedof 12lecturescoveringvarioussubjects,
namely,dosecalculation,radiationbioiogy,health
physics instruments,dose and contamination
control,industrialhygiene& safety,environmental
monitoring,radiationemergencyhandling,internal
dosimetry, plant-specific H,P, procedures,
transportationof radioactivematerials,unusual
incidentsin reprocessingplants,etc, Thecourse
was organizedby Mr M.L. Joshi, Head,RHC,
RSSD,andDr K,L.Narasimharao,RSSD,withthe
active help and co-operationof all the health
physicsunitsatWIPandPP.MrD.o.Bajpai,Head,
BETDD,MrN.K,Bansal,Head,WasteManagement
Division,andMrKanvarRaj,PlantSuperintendent,
WMF,T;ombay,gave invitedlectureson nuclear
fuel reprocessing,managementoverview,and
wastemanagementrespectively,DrA.Ramanujam,
Head,Fuel ReprocessingDivision,BARC,in his
concluding remarks, highlighted the several
problemsfacedbytheNuclearRecycleGroupsuch
ascriticality,containmentof radioactivityandoff-gas
treatment. He appreciatedthe efforts put in
conductingthe trainingcourseandalsosaidthat
suchtrainingwouldgoa longwayinincreasingthe
safetyawarenessof thestaffandsubsequentsafe
operationof theplants.

COURSEIN ELECTRONICS
MAINTENANCE&SERVICES

As a part of its Manpower Development
Programme,Centrefor EquipmentElectronics&
Managementunderthe NuclearFuelsGroupat
BARCorganizeda one-weekcoursein Electronics
Maintenance& ServicesduringDecember10-14,



2001. Thiscoursewasspecificallydevelopedand
conductedby CEEM/NFGfor a groupof 20junior
officersand scientificassistantsassociatedwith
electronicsmaintenanceactivities at various
Divisionsof the NuclearFuels,Bio-Medicaland
MaterialsGroupsofBARC.

Mr D.S.C.Purushotham,Director,NFG, BARC,
inauguratedthe course,and Mr UmeshChandra,
AssociateDirector,A&MGroup,BARC,gave his
viewsas theChiefGuest.Duringtheinauguration,
MrJagmohanSingh,Head,CEEM,emphasizedthe
need for training of very scarce eleclronics
manpowerin the three Groups. The course
contents includedthe necessaryexposureto
diverse topics in eiectronicsand initiatedthe
participantsintosomeof thespecializedareasof
electronicsservices,intowhichtheequipmentand
instrumentsatBARCarebeingcategorised.

The facultymainiyconsistedof the CEEMCore
Groupleadersandtheirseniorcolleaguesin the
NuclearFuelsGroupandtwoseniorengineersfrom
CWSandRRMD.TwofacultymembersfromCSIO,
Chandigarh,has also beeninvitedto sharetheir
experiencein trouble-shootingandmaintenanceof
opticalandmedicalinstruments.

Mr Purushotham,Director,NFG,BARC,awarded
thecertificatesto theparticipantsof thecourse.A
feedbacksessionwas also conductedto gather
informationaboutany similarcoursers)elsewhere
and to invitecomments/suggestionsregardingthe
coursecontents.

DAESYMPOSIUMON
NUCLEARPHYSICS

The46' NuclearPhysicsSymposium,sponsoredby
theBoardof Researchin NuclearSciences(BRNS)
of DAE,washeldat theSahaInstituteof Nuclear
Physics(SINP),Kolkata,duringDecember26-30,
2001.The symposiumwas inauguratedby Prof.
S.N.Ghoshal,who did the seminaiworkon the

experimentaiverificationof thecompoundnucleus
model half a centuryago. Prof. BikashSinha,
Director,SINPand VECC,Kolkata,presidedover
the inauguralfunction.Dr S. Kailas,Chairman,
OrganisingCommittee,welcomedthe participants
andotherdignitaries,andtheConvener,Dr.Arun
K.Jain,in hisintroductoryremarks,focusedonthe
themeof thesymposium.Thelocal Convener,Prof.
SubimalSenofSiNP,proposedthevoteofthanks.

Inauguration function of the 46" Nuclear Physics Symposium.

On the dias (from len to right) are : Prof. S. San, SINP, Prof
S.N. Ghoshal, Prof B.C. Sinha, Director. SINP & VECC.

Dr S. Kailas, Head, Nuclear Physics Division. BARC, and
Dr AK Jain, Convener of the symposium

Therewere about280 participantsfrom various
universitiesand researchinstitutionsall over the

country,in all, 25 invitedtalksand230 research
papers were presented, besides 4 theses
presentations.The first detailedresultsfromthe
experimentsperformedat BARC-TIFRPellelron
acceleratorfacility, based on NationalGamma
Detector Array, were discussed, This is a
collaborativeeffort involvingDAE Institutionsand
Universities,These experimentsrevealedthe
unusualbehaviourof nuclei subjectedto high
rotationandtemperature.

Thissymposiumtookstockof theworld-scenarioin
the field of Radioactive(Rare) Ion Beam(RIB)
physicsandcomparedthiswiththeongoingefforts
in India.A paneldiscussionon the NationalRIB
Facilitytocarryoutcompetitiveresearchinthisfield
broughtoutvariousview-pointsandhighlightedthe
existingeffortsinthisdirection.
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Nuclearmatterunderextremeconditionsof high
temperatureand high density,perhapsthe way
universeexistedat the timeof its creation,in the
fonmof quark-gluonplasma(QGP) is another
frontierareaof nuclearstudies.Indianscientists

havebeenpartof the intemationaleffortusingthe
acceleratorfacilitiesin EuropeandUSA.Someof
the talks featured the experimentalprograms
,nderwayrelatedto largedetectorsetupsALICE,
STARandPHENIX.

The weaklyinteractingevasiveparticle,Neutrino,
hasmanyinterestingaspectswhichareconnected
tonuclearresearch.Someof thesewerediscussed

in thissymposiumespeciallythenationalproposal
for its detectionusinga hugedeepunderground
detectorsetup.

TheIPAawardfor thebestthesispresentationwas
givento DrL.M.Pantof NPD,BARC.Intheposter
presentationcategory,thepresentationof S. Ray,
N.S.PattabiramanandS.S.Ghugreof IUC,Kolkata
was adjudgedfor the First prize. The poster
presentationsof KK Pantet al.of CAT,Indore
andR Husain,et al. of AMU,Aligarh,weregiven
theSecondandThirdprizesrespectively.

The academicsessionswere markedby lively
discussions.The Invitedtalks,oral presentations,
thepostersessionsandtheposterdiscussionswere
all well-attendedand appreciated by the
participants.Anabsorbingeveninglecture,'Arewe
alonein theUniverse?",wasdeliveredby Dr Saroj
Ghosh,roomerDirector,ScienceCity, Kolkata.A
deligh~ulpertormanceof CHHOUDanceby artists
of RoyalChhouAcademywas anotherevening
attraction.

Thesymposiumproceedingswerecomprehensiveiy
summarizedbyProf.I.M.Govilof PanjabUniversity
and DrO.K.Srivastavaof VECC,Kolkata.

In the concluding session, the Symposium
Secretary,Dr D.C.Biswas,thankedtheparticipants
and localvolunteersfor makingthesymposiuma
grandsuccess.
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BARCSCIENTISTS
HONOURED

.DrJ.P.Mittal,Distinguished
Scientistand the Directorof

Chemistry& IsotopeGroup,
BARC, added one more
featherinhiscapwhenhewas
conferred the prestigious
ProfessorN.R.DharMemorial

MedalLectureAwardon January19,2002at the
NationalAcademy01Sciences,Allahabad. The
Award was given to him for his noteworthy
contributionsin the field of RadiationChemistry,
Photochemistry, Laser Induced Chemistry,
ChemicalDynamicsand PhysicalChemistry.The
Awardcarriesa medal,a citationandRs.10,000/.
incash. DrMittaldelivereda lecture,"Excitementin
RadiationResearch",whichwashighlyappreciated.

TheAwardis givenonceintwoyears.Someof the
earlier recipientsof the Awardare Prof. RC.
Mehrotra,Prof.C.N.R.RaoandProf.M.M.Sharma.

.MrD.N.BadodkarofDivisionof

Remote Handling & Robotics,
BARC,was conferredthe 'BARC
TechnicalExcellenceAward' for
theyear2000,lor hiscontribution
to thedesignanddevelopmentof

Special PurposeDrives and ReactivityControl
Mechanisms.Theawardwaspresentedto himat
theFounder'sDayFunctiononOctober30,2001.

Mr Badodkaris headingthe 'ControlMechanism
Section'atDRHR.Heis responsibleforthedesign
anddevelopmentof ReactivityControlMechanisms
for TAPP.3&4.Shut-off Rod Drive Mechanism
(Prototype-II)hasbeensuccessfullytestedformore
than5000fulldropsand3000cyclesofon.linetests
on full.scaletest stationat BARC.The design
drawingsandspecificationshavebeenhandedover
to NPCILfor productionof mechanismsfor reactor
use, underan MoUsignedbetweenBARCand

'"' .
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