Tender no. PVVNL-MT/MM/117(s)/22-23

TECHNICAL SPECIFICATIONFORCOMPOSITE PININSULATORS
FORUSE IN33 KV SYSTEM

1.0 SCOPE::

This specification covers design, manufacture, testing and supply of compositelnsulators
foruseinthe 33 KV overheadtransmissionlinesandsubstations.The composite Insulators
shallbeofthefollowingtype:

2.0 APPLICABLE STANDARDS::

2.1 Standards:-

FollowingIndian/International Standards,whichshallmeanlatestrevision,with
amendments/changesadoptedandpublished,unlessspecifically ~ stated  otherwisein  the
Specification,shallbereferredwhileaccessingconformity oflnsulators withthese specifications.

2.1.1 Intheeventof  supplyof  Insulators conformingtostandardsotherthanspecitied,the
Biddershallconfirminhisbid that thesestandardsareequivalentorbetterto those specified. In
caseofaward, salient features of comparison between the standards proposedby
theBidderandthosespecifiedinthisdocumentwillbeprovidedbythe
Suppliertoestablishequivalence.

SNo. | Indian Title International
Standard Standard
Standard

1 Definition, test methods and acceptance criteria for IEC:61109
compositelnsulators for A.C. overhead lines above
1000V.

2 IS:2071 | MethodsofHighVoltageTesting. IEC:60060-1

3 IS:2486 | SpecificationforInsulatorfittingsforoverhead power [EC:60120
lineswithanominalvoltagegreaterthan1000VGeneral IEC:60374
Requirements and Tests Dimensional Requirements
lockingdevices.

4 Thermal Mechanicalperformance test and mechanical IEC:60575
performancetestonstringInsulators units

5 CharacteristicsofstringInsulatorunitsofthelongrod IEC:60433
type.

6 HydrophobicityClarificationGuide. STRIguide

1.92/1

7 Radio interference characteristics of overhead power CISPRI18-2
linesandhighvoltageequipment. Part2

8 IS:8263 | MethodsofRITestofHVInsulators IEC:60437

9 StandardforInsulators—Composite-DistributionDead- ANSI-C29.132-
endtype. 2000

10 | IS:4759 | Hotdipzinccoatingsonstructuralsteel&otherallied I1SO:1459
products.

11 IS:2629 | Recommended practiceforHotDipgalvanizationfor ISO:1461(E)
ironandsteel

12 | IS:6745 | Determinationofweightofzinccoatingonzinccoated ISO:1460
Ironandsteelarticles.

13 | IS:3203 | Methodsoftesting of localthickness ofelectroplated ISO:2178
coatings.

14 | 1S:2633 | TestingofUniformityofcoatingofzinccoatedarticles.

15 Standardspecificationforglassfiberstandards. ASTM D

578-05

16 Standard specification for compositional analysis by ASTM D

Thermogravimetry. 578-05




| 17 | 1S:4699 | Specificationforrefinedsecondaryzinc | |

3.0 TECHNICAL DESCRIPTIONOF COMPOSITE INSULATORS::

3.1 Composite Pin Insulators longrodtypetosupportconductorfor 33 KVoverhead powerlines :-

3.1.1 The Insulators shall be suitable for 3®, 50 Hz, effectivelyearthed 33 KVO/H
distributionsysteminamoderatelypollutedatmosphere.

3.1.2 Biddermustbeanindigenousmanufacturerandsupplierofcompositelnsulators of
rating33kVoraboveORmusthavedevelopedproveninhousetechnology and manufacturing
processfor compositelnsulators ofaboverating ORpossess technical collaboration/association
withamanufacturer ofcompositelnsulators of rating33kVorabove.TheBiddershallfurnishnecessary
evidenceinsupportofthe abovealongwiththebid,whichcanbeintheform ofcertificationfrom
theutilities concerned,oranyotherdocumentstothesatisfactionoftheowner.

3.1.3 Insulators shallhaveshedswith goodself-cleaningproperties.Insulatorshedprofile,
spacing,projectionetc,andselectioninrespectofpollutedconditions shallbegenerally
inaccordancewiththe recommendationofIEC-60815/1S:13134.

3.1.4 ThesizeofCompositeinsulator,minimumcreepagedistanceandmechanicalstrength
alongwithhardwarefittings shallbeasfollows:

SN| Typeof | Nominal | Highest | Visible Wet Impulse | Minimum | Min.
composite| system | system | discharge power withstan | creepage | failing
Insulator | voltage | voltage test frequency | d voltage | distance load

kV(rms) kV voltage | withstand | kV(peak) (mm) KN
(rms) | kV(rms) voltage
kV(rms)

I | 33KV Pin
Insulator 33 36 27 75 170 980 10

3.3 Dimensional Toleranceof CompositeInsulators :-
Thetolerancesonalldimensionse.g.diameter,lengthandcreepagedistanceshallbe
allowedasfollowsinlinewith-IEC 61109:

+ {0,04d+1.5)mmwhend<300mm,

+ (0.025d+6)mmwhend>300mm.
Where,dbeingthedimensionsinmillimetersfordiameter,lengthorcreepagedistance as
thecasemaybe,
However,nonegativetoleranceshallbeapplicabletocreepagedistance.

3.4 Interchangeably:-

Thecompositelnsulators includingtheendfittingconnectionshallbeof standard
designsuitableforusewiththehardwarefittingsof anymakeconformingtorelevant IEC/IS standards.

3.5 CoronaandRIPerformance:-

Allsurfacesshallbeclean,smooth,withoutcuts,abrasionsorprojections.Nopart
shallbesubjectedtoexcessivelocalizedpressure. Theinsulator andmetalparts shallbe so designed
and manufactured that it shall avoid local corona formation and not generateanyradio
interferencebeyond specified limit undertheoperating conditions.

3.6 Maintenance:-

3.6.1 Thecompositelnsulators offeredshallbesuitableforuseothotlinemaintenance
techniquesothatusualhotlineoperationcanbecarriedoutwithease,speedand safety.

4. BASICFEATURES::

4.1 Designandconstruction:-
ThecompositePininsulatorshallhaveacore,housing&weathershedofinsulating
andsteel/aluminum alloyhardwarecomponentsforattachingittothe support/conductor.

material

4.1.1 Core:-



Itshallbeaglass-fiberreinforcedepoxyresinrodofthighstrength(FRProd).Glass fibersandresin shall

beoptimizedin theFRProd.Glassfibers shall beBoron free
electricallycorrosionresistant(ECR)glassfiberorBoronfreeE-Glass andshallexhibit
bothhighelectricalintegrityandhighresistancetoacidcorrosion. Thematrixofthe FRProdshall
beHydrolysisresistant. TheFRProdshall bemanufacturedthrough

Pultrusionprocess. TheFRProdshallbevoidfree. For 33 KV Insulator diameter of the FRP rod
should be minimum 33.5 mm.

4.1.2 Housing(Sheath):-

The FRP rod shall be covered by a seamless sheath of a silicone electrometric compound

orsiliconealloycompoundofathickness of3mmminimum. Itshouldprotect
theFRProdagainstenvironmentalinfluences,external pollutionand
humidity.Itshallbeextrudedordirectlymoldedon  thecoreandshallhavechemical ~ bondingwith
theFRProd.Thestrength ofthebondshallbegreaterthan thetearing strength

ofthepolymer.Sheathmaterialinthebulkaswellasinthesealing/bonding shallbefreefromvoids.

4.1.3 Weathersheds:-

Thecompositepolymerweathershedsmadeof —siliconeelectrometriccompoundor —silicon alloy
shallbefirmly bondedto thesheath,vulcanizedto thesheath ormoldedas partof
thesheathandshallbefreefromimperfections. Theweathershedsshouldhave
siliconcontentofminimum30%byweight. Thestrengthoftheweathershedtosheath
interfaceshallbegreaterthan thetearingstrength ofthepolymer.Theinterface,ifany, betweensheds
and sheath(housing]shallbefreefromvoids.

4.1.4 EndFittings:-

5.2

53

54
5.5

5.6

Endfittingstransmitthemechanicalloadtothecore. They shallbemadeofspheroidal
graphitecastlron,malleablecastironorforgedsteel oraluminumalloy.Theyshallbe
connectedtotherodbymeans ofacontrolledcompressiontechnique. Thegapbetween
fittingandsheathshallbesealedby aflexiblesiliconeelectrometriccompoundor siliconealloy
compoundsealant.Systemofattachmentofendfittingtotherodshall
providesuperiorsealingperformancebetween housing,i.e.seamless sheath andmetal
connection.Thesealingmustbemoistureproof.Thedetails ofendfittingsforfixingthesamewithVcross
arms andtopclamps aregivenbelow:-

S. Item Length  of Minimum Diaof
N. Stud threaded Stud
portion ofStud
1 33KV 150mm 100mm 24mm
UpperendfittingsshallbesuitabletoholdConductorfor33 KV. Thesize
ofthefittingshallbeinsuchawaythatconductorcouldbeboundfirmlysothatitmay not
slipfromthegroovewhileinserviceevenundertheadversecondition.
WORKMANSHIP:
All  thematerialsshallbeoflatestdesignandconform  tothebestengineeringpractices
adoptedinthehighvoltagefield.BiddersshallofferonlysuchInsulatorsasare guaranteedby

themtobesatisfactory andsuitableforcontinuedgoodserviceinpower transmissionlines.
Thedesign,manufacturingprocessandmaterialcontrolatvariousstagesshallbesuch
astogivemaximumworkingload,highestmobility,bestresistancetocorrosion,good
finishandeliminationofsharpedges andcorners.
Thedesignofthelnsulators shallbesuchthat stressesdueto expansionand
contractioninanypartoftheinsulatorshallnotleadtodeterioration.
Thecoreshallbesoundandfreeofcracksandvoidsthatmayadverselyaffectthe Insulators.
Weathershedsshallbeuniforminquality. They shallbeclean,sound,smoothand  shall
befreefromdefects andexcessiveflashingatpartinglines.
Endfittingsshallbefreefromcracks,seams,shrinks,airholesandroughedges.End fittings
shouldbeeffectivelysealedtopreventmoistureingress;effectiveness ofsealing
systemmustbesupportedby testdocuments. Allsurfacesofthemetalpartsshallbe perfectly smooth



with outprojectingpointsorirregularities,whichmay causecorona.
Allloadbearingsurfacesshallbesmoothanduniform soastodistributetheloading stresses uniformly.
5.7 Allferrouspartsshallbehotdipgalvanizedtogiveaminimumaveragecoatingofzinc
equivalentto610gm/Sq.m,or87um thicknessandshallbeinaccordancewiththe
requirementofIS:4759, Thezincusedforgalvanizingshallbeofpurity 99.5%asper 1S:4699,
Thezinccoatingshall beuniform,adherent,smooth,reasonably bright continuous and free from

imperfections such as flux, ash rust stains, bulkywhite
depositsandblisters. Thegalvanizedmetalpartsshallbeguaranteedtowithstandat
leastfoursuccessivedipseachlastingforoneminuteduration underthestandard preecetest.

Thegalvanizing shallbecarriedoutonlyafteranymachining.
6. EQUIPMENT MARKING::
6.1 Eachinsulatorunitshallbelegiblyandindeliblymarkedwiththefollowingdetailsas perIEC-61109:
(a) Month&Yearofmanufacture
(b) Min.failingload/guaranteedmechanicalstrengthinkiloNewtonfollowedby
theword'KN'tofacilitateeasyidentification.
(c)  Manufacturer’s name/Trademark

7. BIDDRAWINGS::

7.1 TheBiddershallfurnishfulldescriptionandillustrationofthematerialoffered.

7.2 TheBiddershallfurnishalongwiththebidtheoutlinedrawing(3copies)of insulator unitincluding
acrosssectional viewofthe  long rod insulatorunit. The  drawing
shallincludebutnotbelimitedtothefollowinginformation:

(a) Longroddiameter withmanufacturingtolerances
(b)  MinimumCreepagedistancewithpositivetolerance
(c)  Protectedcreepagedistance
(d)  Eccentricityofthelongrodunit

(1) Axialrunout

(i)Radialrunout
(e)  Unitmechanicalandelectricalcharacteristics
()  Weightofcompositelongrodunit.
(g) Materials

(1) Identificationmark

(i1) Manufacturer's cataloguenumber

7.3 At the time of placementofawardthesuppliershall submitthreesetsoffull dimension manufacturing
insulatorsdrawingscontaining  allthedetailsto ~ theChiefEngineer (MM)/SE(MM),PVVNL,
Meerut .

7.4 At the time ofplacementofawardtheSuppliershallalsosubmitfullydimensionedinsulator
cratedrawingfordifferenttypeofInsulators for approvaloftheowner.

8. TESTSANDSTANDARDS::

Insulators offeredshallbemanufacturedwiththesameconfiguration&rawmaterials
asusedinthelnsulators forwhichdesign&typetestreportsaresubmitted. The manufacturershall
submitacertificateforthesame. Thedesign&typetestreports  submittedshallnotbemorethanOSyears
old.
8.1 Designtests:-

Forpolymericinsulators,itisessentialtocarryoutdesigntestasperClause4. 1 of IEC-61109/92-
93withlatestamendments. The designtestsare intendedtoverifythe
suitabilityo fthedesign,materialandmethodofmanufacturebettertechnology. When

acompositeinsulatorissubjectedto thedesign test theresultshallbeconsideredvalid forthewholeclass
ofinsulators,whichare representedbytheonetestedandhavingthe followingcharacteristics:-
eSamematerialforthecoreandsheds andsamemanufacturingmethod.
eSamematerialforthefittings,thesamedesign, thesamemethodofattachment.
e Sameorgreaterlayerthicknessofthe shedmaterialoverthecore(includinga sheathwhereused)
eSameor smallerratioofthehighestsystemvoltagetoinslattionlength.



e Sameo r smallerratioofallmechanicalloadstothesmallestcorediameter betweenfittings.

eSameorgreaterdiameterofthecore.

o thetestedcompositeinsulatorshallbeidentifiedbyadrawinggivingallthe
diamensionswiththemanufacturingtolerances

e Manufacturer should submit test report for design test as per IEC-61109 (Clause-
5)alongwiththebid.Additionallyfollowingtestsshallbecarriedout or reportsfor
thetestsshallbesubmittedafterawardof  contract:- +UV
test: Thetestshallbecarriedoutinlinewithclause7.20fANSIC29.13

8.2 TypeTests:-

Thetenderershallfurnishdetailedtypetestreportoftheofferedcompositeinsularsas perClause-
8.2ofthetechnical specificationattheCPRI/ERDA/NTHIabtoprovethatthe
compositeinsulatorsofferedmeettherequirementsofthespecifications. Thesetype
testshouldhavebeencarriedoutwithinSyearspriortothedateof openingof this
tender. Thefollowingtypetestsshallbeconducted on asuitablenumberofindividual
insulatorunits,components,materialsorcompletestrings andthe testreportsshould
invariablybesubmittedwiththebid:

SN |Descriptionoftypetest Tenprocedure/standard
1. [Drylightningimpulsewithstandvoltagetest As perlEC61109(clause6.1)
2. |Wetpowerfrequencytest AsperlEC 61109(clause6,2)
3. |Mechanicalload-timetest As perlEC61109(clause64)
4. |Radiointerferencetest As perlEC61109(clause6.4)
5. |RecoveryofHydrophobicitytest Annexure-A  This
testmaybe repealedevery3yrs
bythe
6. |Chemical composition test for silicon Annexure-A Or
content anyothertest
methodaccentabletotheown
7. |Brittlefracture resistancetest Annexure-A

NOTE:-Thepurchasermayliketoconductanyothertest(s)inadditiontoaboveatbidder’s

8.3

8.4

costtoestablishtheperformanceofthematerialasperthesystemrequirement.

Itshallbetheoptionof theownertoacceptthelnsulators basedontypetest reportssubmittedby
the manufacturer.Theowner shallbefreetorepeatthe type test& maywitness thesame.
Note: Theowner,forthepurposeoffacilitatingthetypetests,mayaskthebidders toquotetest charges
separately.

AllthetypetestgiveninClauseNo.8.2inadditiontoroutine&acceptancetestshall
becarriedoutoninsulator alongwithhardwarefittings whereverrequired.

8.5 Acceptance (sample)Tests
8.5.1ForCompositelnsulators

(a) | Verificationofdimensions : Clause7.2IEC:611009,

(b) | Verificationofthelocking system (if Clause7.31EC:61109
applicable) :

(¢) | Galvanizingtest : 1S:2633/1S:6745

(d) | Verificationofthespecified Clause7.4IEC:61109,
mechanicalload :

(e) | Verificationoftightness ofthe : Clause7.4IEC:61109,
interfacebetweenendfittingand silicon amendment10f1995
ruber.




8.5.2 RoutineTests:-

sn Description Standard

1 Identificationofmarking As perlEC:61109Clause8.1
2 Visuallnspection As perlEC61109Clause8.2
3 Mechanicalroutinetest As perlEC:61109Clause8.3

8.6  Tests DuringManufacture
Followingtests shallalsobecarriedoutonallcomponents as applicable

a) Chemicalanalysis ofzincusedforgalvanizing

b) Chemicalanalysis,mechanical,metallographictestandmagneticparticleinspectionfor
malleablecastings.

C) Chemicalanalysis,hardness tests andmagneticparticleinspectionforforgings.

8.6 SampleBatchforTypeTesting

8.6.1 Thebiddershalloffermaterialforsampleselectionfortypetestingonlyaftergetting
QualityAssuranceProgrammeapprovedby theOwner, Thebiddershall offeratleast
threetimesthequantityofmaterialsrequired forconducting allthetypetestsfor sample selection. The
samplefortypetesting will be manufacturedstrictly in
accordancewiththeQualityAssuranceProgrammeapprovedbytheOwner,

8.7 Additional Tests:-

8.7.1 TheOwnerreservestherightathisownexpenses,forcarryingoutanyothertest(s)of
reasonablenaturecarriedoutatSupplier'spremises,atsite,toinany otherplacein
additiontotheaforesaidtype,acceptanceandroutineteststosatisfyhimself thatthe
materialcomplywiththe Specifications.

8.7.2 The Owner also reserves the right to conduct all the tests mentioned in this specificationat
hisownexpenseonthesamplesdrawnfromthesiteatSupplier's premisesoratany
othertestcenter.Incaseofevidenceofnoncompliance,itshallbe
bindingonthepartoftheSuppliertoprovethecomplianceoftheitemstothetechnical
specificationsbyrepeattestsorcorrectionof ~ deficienciesorreplacementof ~ defective  items,
allwithoutanyextracosttotheOwner,

8.8 Co-ordinationforTesting:-

8.8.1  TheSuppliershallhavetoco-ordinatetestingoflnsulators ~ withhardwarefittingsto besuppliedby
otherSupplierandshallhavetoguaranteeoverallsatisfactory performanceofthe Insulators
withthehardwarefittings.

8.9  Qualityassurance plan:-

8.9.1 Thesuccessfulbiddershall submitfollowinginformationtotheowner:

8.9.1.1Testcertificates oftherawmaterials andboughtoutaccessories.

8.9.1.2Statementgivinglistofimportantrawmaterials,theirgradesalongwithnamesofsub-
suppliersforrawmaterials,fistof ~ standardsaccordingtowhichtherawmaterialsare  tested. List
oftestsnormallycarried out onraw materials in presenceofbidder's representative.

8.9.1.3 Listofmanufacturingfacilities available.

8.9.1.4Levelofautomationachievedandlists ofareas wheremanualprocessingexists.

8.9.1.5 Listofareasinmanufacturingprocess,wherestageinspections arenormallycarriedout
forqualitycontrolanddetails ofsuchtests andinspections.

8.9.1.6Listoftestingequipmentsavailablewiththebidderforfinaltestingof equipmentalong
withvalidcalibrationreports.

8.9.1.7ThemanufacturershallsubmitManufacturingQualityPlan(MQP)forapproval&the
sameshallbefollowedduringmanufactureandtesting,

8.9.2 The successful bidder shall submit the routine test certificates of bought out raw materials /
accessories and central excise passes for raw material at the time of inspection.

8.10 Guarantee:-



9.2.

93

94

9.5

10

The Supplier of Insulators shall guarantee overall satisfactory performance of the Insulators
fortheperiodof18monthsfromthedateofsupply.
INSPECTION::

TheOwner'srepresentativeshallatalltimesbeentitledtohaveaccesstotheworks  and  all
placesofmanufacture,whereinsulator,anditscomponentpartsshallbe manufactured and the representatives
shall have full facilities for unrestricted inspection of the Supplier's and sub-Supplier's works, raw
materials, manufacture ofthematerialandforconductingnecessarytestas detailedherein.

ThematerialforfinalinspectionshallbeofferedbytheSupplieronlyunderpacked

condition. TheOwnershallselectsamplesatrandomfromthepackedlotforcarrying outacceptancetests.
Thelotofferedforinspectionshallbehomogeneousandshall ~ containlnsulators manufacturedin3-
4consecutiveweeks.

TheSuppliershallkeeptheOwnerinformedinadvanceofthetimeofstartingandtheprogressofmanufactureofma
terialintheirvariousstagessothatarrangementscould bemadeforinspection.

No materialshall  be dispatched from its point of manufacture before it has been
satisfactorilyinspectedandtestedunlesstheinspectioniswaivedoftbytheownerin
writing.  Inthelatercasealsothematerialshallbedispatchedonlyaftersatisfactory testingspecifiedhereinhas
beencompleted.

Theacceptanceofany quantity ofmaterialshallinnowayrelievetheSupplierofhis
responsibilityformeetingalltherequirements ofthespecificationandshallnotprevent
subsequentrejection,ifsuchmaterials arelaterfoundtobedefective.

PACKING::

10.1 Alllnsulators shallbepackedinstrongcorrugatedbox ofmin,7ply duly palettedor wooden crates. The gross

10.2

10.3

10.4

10.5

weight of the crates along  with  the material shall not  normally
exceed 100K gtoavoidhandlingproblem. Thecratesshallbesuitablefor
outdoorstorageunderwetclimateduringrainyseason.

Thepackingshallbeof  sufficientstrengthtowithstandroughhandlingduringtransit,  storageat
siteandsubsequenthandlinginthefield.

Suitablecushioning,protectivepadding,ordunnageorspacersshall beprovidedto

preventdamageordeformationduringtransitandhandling.

All  packingcases  shallbemarkedlegibly = andcorrectly  soastoensuresafearrival  at
theirdestinationandtoavoidthepossibilityofgoodsbeinglostorwronglydispatched
on account of faulty packing and faulty or illegible markings. Each
woodencase/crate/corrugatedboxshallhaveallthemarkings stenciledonitinindelibleink.
Thebiddershall provideinstructionsregardinghandlingandstorageprecautionstobe takenat site.



ii)

iii)

iv)

Annexure-A (Tests on insulator units)

RIVTEST(DRY):-The insulator string along with complete hardware fittings shall have a
radiointerference voltagelevelbelow100microvoltsatoneMHzwhensubjected
to50HzA Cvoltageofl 0 kV& 30 KV for11kVé& 33 KV
classinsulatorsrespectivelyunderdrycondition. =~ Thetestprocedure shallbe in accordance

withIS:8263 /IEC:60437/CISPRI18-2.
BRITTLEFRACTURERESISTANCETEST:-

Brittlefracturetestshallbecarriedoutonnakedrodalongwithendfittingsbyapplying"In
HNO3acid"(63gcone, HNO03addedto937gwater)totherod.The rodshould beheldat

80% of SML for the duration of the test. The rodshould notfailwithin the96hour test
duration.TestarrangementshouldensurecontinuouswettingoftherodwithNitricacid.

RECOVERYOFHYDROPHOBICITY&CORONATEST:-
Thetestshallbecarriedouton4dmmthicksamplesof5cmx7cm:-

Thesurface ofselected samples shallbecleaned withisopropyl alcohol.Allowthesurface
todryandspraywithwaterRecordtheHydrophobicity classificationinlinewithSTRIguide
forHydrophobicity classification.Drythesamplesurface.

The sample shallsubjected to mechanical stress by bending the sample over aground
electrode. Corona iscontinuously generated byapplying required voltagetoaneedle like
electrode placedlmmabovethesamplesurface. Thetestshallbedonefor100hrs.

Immediately after the corona treatment, spray the surface with water and record the
HCclassification. Drythesurfaceandrepeatthecoronatreatment asatclause 7above. Note
HCclassification.  Repeatthecyclefor1000hrsoruntilanHC  of6 or7 is obtained.Drythe
samplesurface.

Allow thesample to recover and repeat hydrophobiticiymeasurement at several lime
intervals.SiliconerubbershouldrecovertoHC1-HC2within24to48hours,dependingon
thematerialandtheintensityofthecoronatreatment.
CHEMICALCOMPOSITIONTESTFORSILICONCONTENT
The content of silicon in the composite polymer shall be evaluated by EDX (Energy
Dispersion X-ray) Analysis or Thermo-gravimetric analysis. The testmaybecarriedoutat
CPRloranyotherNABLaccreditedlaboratory.



