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Foreword

TheUnitedNationsIndustrialDevelopmentOrganization(UNIDO)isaspecializedagencyunderthe
UnitedNationssystemtopromotegloballyinclusiveandsustainableindustrialdevelopment(ISID).
TherelevanceofISIDasanintegratedapproachtoallthreepillarsofsustainabledevelopmentisrec-
ognizedbythe2030AgendaforSustainableDevelopmentandtherelatedSustainableDevelopment
Goals (SDGs), which willframe United Nations and country efforts towards sustainable
developmentinthenextfifteenyears.UNIDO’smandateforISIDcoverstheneedtosupportthecre-
ationofsustainableenergysystemsasenergyisessentialtoeconomicandsocialdevelopmentandto
improvingqualityoflife.Internationalconcernanddebateoverenergyhavegrownincreasinglyover
thepasttwodecades,withtheissuesofpovertyalleviation,environmentalrisksandclimatechange
nowtakingcentrestage.

INSHP(InternationalNetworkonSmallHydroPower)isaninternationalcoordinatingandpromoting
organizationfortheglobaldevelopmentofsmallhydropower(SHP),whichisestablishedontheba-
sisofvoluntaryparticipationofregional,subregionalandnationalfocalpoints,relevantinstitutions,

utilitiesandcompanies,andhassocialbenefitasitsmajorobjective.INSHPaimsatthepromotionof
globalSHPdevelopmentthroughtriangletechnicalandeconomiccooperationamongdeveloping
countries,developedcountriesandinternationalorganizations,inordertosupplyruralareasinde-
velopingcountrieswithenvironmentallysound,affordableandadequateenergy,whichwillleadto
theincreaseofemploymentopportunities,improvementofecologicalenvironments,povertyallevi-
ation,improvementoflocallivingandculturalstandardsandeconomicdevelopment.

UNIDOandINSHPhavebeencooperatingontheWorldSmallHydropowerDevelopmentReportsince
year2010.Fromthereports,SHPdemandanddevelopmentworldwidewerenotmatched.Oneofthe
developmentbarriersinmostcountriesislackoftechnologies.UNIDO,incooperationwithINSHP,

throughglobalexpertcooperation,andbasedonsuccessfuldevelopmentexperiences,decidedto
developtheSHPTGstomeetdemandfromMemberStates.

TheseTGsweredraftedinaccordancewiththeeditorialrulesoftheISO/IECDirectives,Part2(see
www.iso.org/directives).

AttentionisdrawntothepossibilitythatsomeoftheelementsoftheseTGsmaybesubjecttopa-
tentrights.UNIDOandINSHPshallnotbeheldresponsibleforidentifyinganysuchpatentrights.

Ⅲ
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Introduction

SmallHydropower(SHP)isincreasinglyrecognizedasanimportantrenewableenergysolutiontothe
challengeofelectrifyingremoteruralareas.However,whilemostcountriesinEurope,Northand
SouthAmerica,andChinahavehighdegreesofinstalledcapacity,thepotentialofSHPinmanyde-
velopingcountriesremainsuntappedandishinderedbyanumberoffactorsincludingthelackof
globallyagreedgoodpracticesorstandardsforSHPdevelopment.

TheseTechnicalGuidelinesfortheDevelopmentofSmallHydropowerPlants(TGs)willaddressthe
currentlimitationsoftheregulationsappliedtotechnicalguidelinesforSHPPlantsbyapplyingthe
expertiseandbestpracticesthatexistacrosstheglobe.Itisintendedforcountriestoutilizethesea-
greeduponGuidelinestosupporttheircurrentpolicy,technologyandecosystems.Countriesthat
havelimitedinstitutionalandtechnicalcapacities,willbeabletoenhancetheirknowledgebaseinde-
velopingSHPplants,therebyattractingmoreinvestmentinSHPprojects,encouragingfavourable
policiesandsubsequentlyassistingineconomicdevelopmentatanationallevel.TheseTGswillbe
valuableforallcountries,butespeciallyallowforthesharingofexperienceandbestpracticesbe-
tweencountriesthathavelimitedtechnicalknow-how.

TheTGscanbeusedastheprinciplesandbasisfortheplanning,design,constructionandmanage-
mentofSHPplantsupto30MW.

● TheTermsandDefinitionsintheTGsspecifytheprofessionaltechnicaltermsanddefinitions
commonlyusedforSHPPlants.

● TheDesignGuidelinesprovideguidelinesforbasicrequirements,methodologyandprocedurein
termsofsiteselection,hydrology,geology,projectlayout,configurations,energycalculations,

hydraulics,electromechanicalequipmentselection,construction,projectcostestimates,eco-
nomicappraisal,financing,socialandenvironmentalassessments—withtheultimategoalofa-
chievingthebestdesignsolutions.

● TheUnitsGuidelinesspecifythetechnicalrequirementsonSHPturbines,generators,hydrotur-
binegoverningsystems,excitationsystems,mainvalvesaswellasmonitoring,control,pro-
tectionandDCpowersupplysystems.

● TheConstructionGuidelinescanbeusedastheguidingtechnicaldocumentsfortheconstruction
ofSHPprojects.

● TheManagementGuidelinesprovidetechnicalguidanceforthemanagement,operationandmain-
tenance,technicalrenovationandprojectacceptanceofSHPprojects.

Ⅳ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Management
Part2:OperationandMaintenance

1 Scope

ThisPartoftheManagementGuidelinesspecifiesthebasicmanagementrequirementsfortheopera-
tionandmaintenanceofansmallhydropower(SHP)SHPstationaswellasthespecificrequirements
fortheoperationandmaintenanceofahydraulicstructure,hydromechanicalworksandelectricaland
mechanicalequipment.

2 Normativereferences

Thefollowingdocumentsarereferredtointhetextinsuchawaythatsomeoralloftheircontent
constitutesrequirementsofthisdocument.Fordatedreferences,onlytheeditioncitedapplies.For
undatedreferences,thelatesteditionofthereferenceddocument(includinganyamendments)ap-
plies.

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 BasicRequirements

4.1 Operationmanagement

4.1.1 Operationmanagementproceduresofthehydropowerstationshallbeformulatedaccordingto
theactualsituationandbestrictlyimplemented.

4.1.2 Theoperatorondutyshallstrictlyperformhisresponsibilities,andcarryouttheoperation
andmaintenanceoftheplant.Operationengineershallberesponsibleforthedailymanagementof
shiftsandtheimplementationofthedailymaintenanceschedule.

1
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4.1.3 Theoperatorondutyshallcarefullyreviewtheworkpermitandoperatingpermit,andshall
returnthemforarchivinginatimelymannerattheendofthework.

4.1.4 Theoperatorondutyshallinspecttheoperatingequipmentatfixedtimesandfixedlocations
ontheinspectionrouteaccordingtotherequirementsoftheequipmentinspectionsystem.

4.1.5 Anydefectsintheequipmentfoundbytheoperatorondutyshallbehandledaccordingtothe
requirements ofthe equipment defect management system.The annualequipment defects
eliminationrateshallreach100%.

4.1.6 Theoperatorsshallstrictlychangeshiftsinaccordancewithshiftregulationsforshiftingof
duties.Ifanyaccidenthappensortheoperationisabnormalduringtheshiftingofduties,theshift
changeshallbeimmediatelystopped;theoperatorondutyshallorganizerelevantpersonnelto
handletheabnormalcondition,andtherelievingpersonnelshallprovideassistanceundertheinstruc-
tionsoftheoperatoronduty.

4.1.7 Hydropowerstationoperationequipmentshouldbeclearlymarkedwiththename,number
andcolourlisted.Themarkshouldbefixedatavisibleplaceduringoperation.

4.1.8 Thecontrolroomofthehydropowerstationshallhavethesafetymanual,operationmanual,

andmaintenancemanual,andthewaterregulationmanualandspecificationsforallthemajorequip-
mentandasetofimportantdrawings,andtheseshallberegularlyupdated.

4.1.9 Thefollowingchartsanddiagramsshouldbehunginthehydropowerstation:

a) Analogboardofthemainsinglelineelectricaldiagram;

b) Messageboardforsafeoperation;

c) Diagramoftheoil,compressedairandcoolingwatersystem;

d) Turbineoperatingcharacteristiccurve;

e) Routemapfordailyinspectionoftheplant;

f) Layoutoftheescaperoutesandfirefightingequipment.

4.1.10 Thefollowingtablesandchartsshallbeavailableatthehydropowerstation:

a) Parametersofthemainequipment;

b) Listofpersonsincharge,thepersonnelwiththeauthoritytosignandissueworkpermitsand
operationpermits;
2
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c) Tableofoutputsoftherelayprotectionandautomaticdevice;

d) Tableofthenormalshutdownandemergencyshutdownoperationsequence;

e) Listofcontactsforreportingduringanemergency.

4.1.11 Thefollowingrecordsshallbekeptforthehydropowerstation:

a) Shiftcheckschedule;

b) Shiftoperationrecord(logsheets);

c) Equipmentdefectsandhandlingrecord;

d) Keymovementrecord;

e) Circuitbreakeron/offrecord;

f) Trippingofcircuitbreakeranalysisrecord;

g) Testrecordofthestoragebatteryandbatterychargers;

h) InstructionRecord;

i) Start/stoprecordfortheturbinegeneratorunit;

j) Inspectionandtestrecordfortheelectricalinsulatingtoolsandsafetyappliances;

k) Workrecordofthesafetyactivities;

l) Equipmentoverhaulandtestingrecord;

m) Safetyandfiredrill(Anti-accidentexercise)record;

n) Equipmentaccidenthandlingrecord;

o) Inspectionrecordforthehydraulicstructures;

p) Actionrecordoftheautomaticdevicefailuresoftheturbinegeneratorunit;

q) Actionrecordoftherelayprotectionandautomaticdeviceofthecircuitbreaker;

r) Commissioningrecordfortherelayprotectionandtheautomaticdevice;
3
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s) Recordofthetoolsandspareparts;

t) Recordofvisitors;

u) Technicalexaminationrecordoftheoperatingpersonnel.

4.1.12 Thehydropowerstationshallbeprovidedwiththefollowingmanagementsystems,which
shallberegularlyrevisedtoensurethatthesystemsareefficientandinstructive:

a) Workpermitsystem;

b) Operatingpermitsystem;

c) Shiftreliefsystem;

d) Equipmentwalk-aroundoftheinspectionsystem;

e) Operationondutysystem;

f) Equipmentdefectmanagementsystem;

g) Normalstart-up,synchronizationandshutdownsystemfortheplantequipment;

h) Equipmentoverhaulmanagementsystem;

i) Managementsystemforequipmentacceptance;

j) Managementsystemforthehydraulicstructures;

k) Equipmentandfacilitydefectsandhandlingmanagementsystem;

l) Managementsystemforspareparts;

m) Safetymanagementsystem;

n) Managementsystemforfloodcontrolandemergency;

o) Managementsystemfortheemergencyequipment;

p) Managementsystemforfirefighting;

q) Managementsystemforequipmentandfacilitygrading;
4
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r) Othermanagementsystemsapplicabletothisstation.

4.2 Safetymanagement

4.2.1 Theworkpermitandoperatingpermitsystemshallbestrictlyimplemented.Theimplementa-
tionratefortheworkpermitandoperatingpermitshouldbe100%.

4.2.2 Theaccidentsshallbereportedinatimelymanner,andclassifiedintodifferentgradesac-
cordingtotherelevantprovisions.

4.2.3 Thesafetymanagementshallcomplywiththefollowingrequirements:

a) Floodfightingplanandtheemergencyresponseplanshallbepreparedandimplementedaccord-
ingly.

b) Theroadsintheplantareashallbekeptcleanandobstruction-freetomeetthefloodfightingre-
quirement.

4.2.4 Theanti-accidentmeasuresshallcomplywiththefollowingrequirements:

a) Anti-accident organizational measures and technical measures shall be prepared and
implemented.Periodicinspectionsmustbecarriedouttoensurethatthesearebeingmeticu-
louslyimplemented.

b) Anti-accidentexercisesshallbeorganizedperiodically,andtheexercisesshallberecorded.

4.2.5 Firefightingandsafetymanagementofthehydropowerstationshallmeetthefollowingre-
quirements:

a) Firefightingandsafetymeasuresshallbeprovidedaspertheregulationsofthecountry.The
personinchargeofthefirefightingandsafetysystemmustbetrainedasperregulationsandex-
periencedandshallberesponsiblefortakingactioninemergenciesaswellasensuringthatthe
properpreventivesafetyplanisbeingimplementedtoavoidsuchanoccurrence.

b) varioustypesoffirefightingequipmentshallbeplacedatthesuitablepositionsaspertheplan
preparedbyexpertsandbeperiodicallyinspected.

c) Inflammablesandexplosivesshallbestoredaccordingtotheprovisions.Useofflammablesand
explosivesistobecarriedoutaspertheprovisionsandwiththeutmostcare,ifnecessary,in
theoperationalareaandshallbeimmediatelywithdrawnattheendofthework.

d) Theoperatorsandtheotherstaffondutyshallbefamiliarandproficientintheuseofthefire-
fightingequipment.

5

SHP/TG005-2:2019



e) Safetyandsecurityworkshallbeproperlycarriedout,andthefirealarmsystemshallbeperiod-
icallyinspected.

4.2.6 Themanagementofthesafetytoolsandequipmentforthehydropowerstationshallcomply
withthefollowingrequirements:

a) Thesafetytoolsshouldbeplacedinspecialcabinetsbynumberandthemanagementpersonnel
shouldbeconfirmed.

b) Thesafetytoolsandequipmentshallbeperiodicallytestedandshallnotbeusedbeyondtheir
servicelife.

c) Thesafetytoolsandequipmentshallbecarefullyinspectedbeforeuse,andshallnotbeusedif
theyaredamaged.

4.2.7 Safetyinspectionandgradingshallbecarriedoutfortheequipmentandfacilitiesinthehydro-
powerstationaccordingtotheprovisions.Theperfectnessratiooftheequipmentandfacilitiesshall
reach100%;thepercentageofequipmentandfacilitieswithaperfectnessratiothatreachesGradeI
standardshallnotbelessthan80%;seeAppendixA.

4.3 Overhaulandmaintenancemanagement

4.3.1 Anoverhaulplanshallbeformulatedinaccordancewiththemanufacturer’srequirementsand
theequipment’soperatingsituationinthehydropowerstation.Theoverhaulshallbecarriedoutac-
cordingtotheplan,andthegradualtransitionfromperiodicoverhaultocondition-basedmaintenance
shallberealized.

4.3.2 Theoverhaulperiodshallbereasonablyarrangedaccordingtotheavailabilityofwaterinflow
andtheoperatingmodeofthepowergridandshouldbepreferablyarrangedduringthedryseason.

4.3.3 Theequipmentinthehydropowerstationshallbeoverhauledbyprofessionaltechnicalper-
sonnelandwithadvancedtools/devicesequipmentoverhaulandmaintenancespecificationsorover-
haulguidelinesshallbepreparedforthehydropowerstation.Intheequipmentoverhaulprocess,the
qualitycontrolpointsforthekeyworkingproceduresshallbeidentifiedandimplemented.

4.3.4 Periodicoverhaulshallcomplywiththefollowingrequirements:

a) Periodicoverhaulplanshallbepreparedinaccordancewiththerequirementsofthemanufacturer
andtheoperatingsituationoftheequipment.

b) Periodicoverhaulcouldgenerallybedividedintoroutineinspectionwithminorrepairs,saydaily
checks,weeklyinspection,and monthlyinspection,quarterlyandhalfyearlyinspections;

annualinspectionandoverhaul;capitalormajoroverhaul;renovationandmodernization.
6
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c) Priortooverhaul,itisnecessarytoexaminetheoperatingequipmentonsite,fullyacknowledge
theexistingproblemsandanalysethecausesandpreparetheoverallplantoprovidethebasis
fortheoverhaul.

d) Periodicoverhaulshallbeidentifiedbyspecificcategory,theoverhaulprocessflowshallbepre-
paredandthenbeimplementedafterbeingapprovedbythecompetentauthority.

e) Overhaulqualityshallcomplywiththerequirementsoftherelevantspecifications.

f) Theoverhauledequipmentshallbeinspectedandtested,andputintooperationafteritpasses
theacceptanceinspections.

g) Technicaldatarelevanttotheoverhaul,inspectionandtestsshallbeproperlyrecordedandar-
chived.

4.3.5 Theemergencyrepairshallcomplywiththefollowingrequirements:

a) Emergencyrepairmechanismsandemergencyresponsemechanismsshallbeestablishedandim-
plementedtoensurethattheemergencyrepairandrestorationcouldberapidlyorganizedwhen
accidentshappentotheequipmentandfacilitiesinthehydropowerstation.

b) Emergencyrepairplanfortypicalaccidentsandbreakdownsshallbeformulatedaccordingtothe
practicalcircumstance,andshouldbesubmittedtothecompetentauthorityforreviewandap-
proval.Uponapprovaloftheemergencyrepairplanfortypicalaccidentsandbreakdowns,the
emergencyrepairworkshallbeassignedtosomecompetentagencyaspertherulesandregula-
tionsandtheagency’sresponsibilitiesshallbeclearlydefined.

c) Thetools,devicesandilluminationequipmentusedfortheemergencyrepairshallbekeptand
maintainedatthepowerstation,andshallbeperiodicallyinspectedandtested.

4.4 On-the-jobtrainingmanagement

4.4.1 On-the-jobtrainingmanagementshallcomplywiththefollowingrequirements:

a) Annualtrainingplansshallbeformulated.Thetrainingprogrammeshallbeimplementedunder
thesupervisionofthestationheadortheprofessionalagency.

b) Theemployeesshallbeorganizedtoreceiveprofessionaltechnicaltrainingandlearntherelevant
specificationsfortheplantequipment,operationalprocedures,safetyrelatedissues,handson
traininginhandlingthefire-fightingequipmentandotherrelevantworkpractices.

c) Ifpossible,theoperatingandmaintenancepersonnelmustbetrainedontheRealTimeDigital
Simulatorwheneveritispossibleinordertohavehands-ontrainingfortheoperationofthe

7
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plantequipmentandhandlingabnormalconditionsduringplantoperation.

d) Concernedpersonnelshallbetrainedbeforeusingthenewequipment,newtechnologiesand
newprocesses.Theoperationandmaintenancepersonnelshallreceivecomprehensivetraining
fortheoptimalperformanceoftheplantandequipmentofthehydropowerstationatleastonce
ayear.

4.4.2 Thepersonneltrainingshallmeetthefollowingrequirements:

a) Acquireknowledgeoftheworkingconditionoftheplantandequipment.

b) Acquireknowledgeofthetechnicalparametersandlayoutoftheplantandequipment.

c) Acquireknowledgeofthewiringandoperatingmodesoftheprimaryandsecondaryelectricale-
quipment.

d) Acquireknowledgeofthelayoutandoperatingmodesoftheoil,airandwatersystems.

e) Acquireknowledgeoftheequipmentmaintenance,overhaultechnologiesandsafetyrequire-
ments.

f) Acquireknowledgeoftheswitchingoperationmethodandprecautions.

g) Acquireknowledgeoftheoperation,maintenance,overhaultechnologiesandsafetyrequire-
mentsofthehydraulicstructureandhydromechanicalequipment.

h) Acquireknowledgeoftheemergencyplanforaccidents,emergencies,naturalcalamitiesandthe
taskstobeexecuted.

i) Acquireknowledgeofthesafeoperationoftheplantandequipmentandtherelevantmanage-
mentsystems.

j) Acquireknowledgeoftheproceduresfortheoverhauling,testingandsettingofthecontroland
relayprotectionsystem.

k) Acquireknowledgeofthehydromechanicalequipment,anditsoperatingprocedures.

l) Acquirethecapabilityofanalysingandjudgingtheconditionoftheequipmentaccordingtothe
operationalsituationandinspectionresults.Acquirethecapabilityofanalysingequipment
defectsandtakingremedialmeasures.

m) Acquirethecapabilityofcorrectlyjudgingthecauseofthefailureoraccidentaccordingtothe
instrument,signalindicationandabnormalsituationoftheequipment,andrespondingrapidly
8
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andproperly.

4.5 Archivemanagement

4.5.1 Archive managementsystemsshallbeestablishedandimplementedatthehydropower
station.Allkindsofoperation,maintenance,overhaul,inspectionrecords,testreportsandother
technicaldatashallbesortedandanalysedinatimelymanner,andshallbearchivedinatimelyman-
ner.Allrecordsregardingabnormaloperatingconditions,failureofequipment,accidents,emergen-
ciesandnaturalcalamitiesshallbearchivedinatimemanner.

4.5.2 Thearchivesmanagementshallcomplywiththefollowingrequirements:

a) Thearchivesshallbestoredinadedicatedroomandfilecabinet;thearchivesroomshallsatisfy
therequirementsforarchivemanagement.

b) Thearchivesshallbearranged,andstoredaspertheclassification;thearchivesshallbeinspec-
tedannuallybythestationhead.

c) Whenthearchivesaremanagedbycomputer,thebackuparchivesshallalsobekept.

4.5.3 Thefollowingtechnicalarchivesanddatashallbeprovided:

a) Designreportsandacompletesetofdrawings.

b) Completionreportoftheconstructionworkandacompletesetofas-builtdrawings.

c) Specifications,drawingsandqualitycertificatesfortheequipment.

d) Equipmentinstallationdrawings,installationrecordsandrelevantdata.

e) Commissioningtestreportandrelevantdata.

f) Preventivemaintenanceandtestreportfortheelectricalequipmentovertheyears.

g) Equipmentdefectmanagementarchives.

h) Equipmentpreventivemaintenance,overhaul,capitalmaintenance,renovationand modernization
recordsandtestreports.

i) Specificanalysisreportsonequipmentaccidents,failuresandoperation.

j) Classifiedreportonsafetymanagementovertheyears.
9
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k) Observationandanalysisreportonthewaterdiversionstructure,intakestructureandthewater
conductorsystemovertheyears.

l) Hydrologicalandfloodobservationdataovertheyears.

m) Trainingandexaminationdataoftheoperatingpersonnel.

4.6 Civilizedproductionmanagement

4.6.1 Theplantareashallbeproperlyafforestedandbeautified,thepavementintheplantareashall
belevel,theilluminationlampsshallbecompleteandintact,thewaterdrainageshallbeunobstruct-
edandtheretainingwallsshallbeintactandfreefromweeds.

4.6.2 Enclosuresorfencesshallbeerectedfortheswitchyardandwarningsignsshallbeerected.
Theinspectionaccessesshallbecleanandunobstructed,theequipmentmarksshallbeclearandthe
namesshallbeaccurate.

4.6.3 Theplantshallbeneatandfreefrom waterleakage;thedoorsandwindowsshallbeintact
andtheequipmentshallbeclean.

4.6.4 Thetools,data,booksandrecordsshallbekeptinthededicatedcabinetsorstoredonthe
dedicatedstacksaspertheirclassification,andshallbeneatlyplaced.

4.6.5 Thechartsshallbeneatlyhung,andallthekindsofpanels,cabinetsanddesksshallbeclean
andintact.

4.6.6 Thecableductsshallbeclean,andthecoverplatesshallbecompleteandintact.

4.6.7 Theactivitiesthatareirrelevanttoproductionshallbebarredatimportantplacessuchasthe
controlroomandthemachineryhall.

4.6.8 Theoperatorondutyshallbedressedinauniform,andwearon-dutymarks.Itisstrictlypro-
hibitedtowearslippers,high-heeledshoesorskirtsonduty.Theoperatorswithlonghairshallput
theirhairupandwearworkcaps.

4.6.9 Thepoultryandlivestockshallnotberaisedintheplantarea.

5 Hydraulicstructures

5.1 Diversionstructures

5.1.1 Safetyassessmentsofthestructuresshallbecarriedoutregularly.
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SHP/TG005-2:2019



5.1.2 Theitemstobemonitoredandthenumberoftimesthevariousmeasurementsaretobetaken
shallmeetthedesignrequirements.Theresultsshallbepromptlyanalysedandrecordedinthefiles.

5.1.3 Hydraulicstructuresshallberegularlyinspectedandcheckedfordefectsbystaff.Therecord
ofinspectionsandcheckingshallbemaintainedforidentificationofproblemsandtimelyremedial
measures.

5.1.4 Theinspectionforthediversionstructuresshallincludethefollowing:

a) Checkwhetherthereleasestructurehascracks,leakage,orseepageandwhetherthedamfoun-
dationhasabnormalleakageorunusualdisplacement.

b) Checkwhethertheearthandrockfilldamslopeisstable,thedamcrestandslopearesmooth,

andwhethercracks,sinking,bulges,ants’nestsoranimalburrowsthataffectthestructural
stabilityorseepageflowsafetyexist;whethertheslopesurfacehascompleteslopeprotection
andwhetherithaspartialdeficiencieslikelooseness,sinkingorslumping,cushionslippageor
hollowslopeprotection;whetherthedownstreamsurfaceandthedamtoehaveleakagepools,

sinkingareas,piping,abnormalplantgrowthandbackwashing;whethertheseepagewateris
muddy.

c) Checkwhethertheconcretedambodyhasdenudation,abrasionorwaterseepage,theadjacent
monolithshaveunequalsettlement;theexpansionjointsandsealingworknormally,anycracks
thataffectthestructureorseepagesafetyandwhetherthechangesinupliftpressuresarenor-
mal.

d) Checkwhethertheoverflowstructureisintact,theflood-reliefchannelsarebroken,whether
abnormalcracks,settlementsandwaterseepageexistonthebaseplatesandsidewallsofflood
spillwaysandtunnels,theside wallsandtheirinnersurfaces,and whethertheenergy
dissipationdevicesaredamaged.

e) Checkwhethertheauxiliaryfacilitiesofthewaterretaining/releasestructuresareintactand
worknormally.

5.1.5 Maintenanceforthediversionstructuresshallbeimplementedbasedontherelevantrules.
Themaintenanceshallmeetthefollowingrequirements:

a) Damcrest,slope,parapetandobservationfacilitiesshallbeintact;drainsshallbecleanedfre-
quentlyinordertokeepthemclear.

b) Materialsshallnotbestackedonthedamcrest,slopeorberm.Thedamsurfaceshallnotbe
usedasatransferdock,andthecrest,slopeanddamtoeshallnotbeusedaswaterconduits.

c) Onthedamandintheupstreamanddownstreamrangethatmayaffecttheprojectsafety,activ-
11
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itiesthatareharmfultotheprojectincludingdiggingpits,buildingfishpondsanddrillingwells
shallbeforbidden.

d) Onthedamsurface,thereshallbenoplantsandcrops,grazing,andspadeturf,andnoremoval
ofthesandandstonesusedforslopeprotectionandtheseepagediversionfacilities.

e) Erosionandscouringofthedamsurfacebyrainwatershallbeavoided;filteringfacilitiesofthe
dambodyandpressurerelievingdevicesbehindthedamshallbemaintainedinordertoensure
normaloperation.

f) Forsilt-ladenwater,thereservoirflushingfacilitiesshallbeopenedregularly;forcoldareas,

icepreventionmeasuresshallbeundertaken.

g) Theconcreteweirswithhydraulicself-actingflapgatesshallnotonlymeettherelevantrequire-
mentsforconcretedams,butalsohavetoensurethesmoothopeningandclosingoftheflap
gates.

h) Thedeflatingdevicesofrubberdamsshallbesafeandreliable;thedambagshallbeintactand
shallmeettherequirementsforflooddischarging.Electromechanicaldevicesandwater(air)fill-
ingpipesshallworkproperly.

i) Thestructureofthedischargestructuresisintact.Ifthebaseplatesandsidewallshaveabnor-
malcracks,settlementandwaterseepage,andiftheenergydissipationfacilitiesaredestroyed,

dischargingshallbestoppedtoallowforemergencyrepairs.Forthosethatcannottemporarily
meettheconditions,analternativedischargingschemeshallbeusedinordertopreventacci-
dentsandcreateconditionsforemergencyrepair.

j) Dischargestructuresshallkeeptheirdischargeconduitsclear.Duringdischargingperiods,up-
streamdriftmaterialshallbepromptlysalvagedandwoodenraftsandshippingshallbestrictly
forbiddenfromgettingclosetotheentranceofthestructures.

k) Theauxiliaryfacilitiesofthedischargestructuresshallbeinnormaloperation.Thedischarging
sluiceandvalveshallbeintactwithnormalhoistingandreliableoperatingpower.

l) Ifretainingstructureshaveanydangerousdefectssuchasabnormalcracks,distortionorwater
seepage,theseshallbedealtwithpromptly.

5.2 Intakestructures

5.2.1 Thelowestoperationalwaterlevel(forebaylevel)ofthepressureintakesshallbemaintained
tomeetthesubmergeddepthrequirementsoftheintake.

5.2.2 Maintenancefortheintakestructuresshallmeetthefollowingrequirements:
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a) Thesideslopeoftheintake(outlet)shallbestable.

b) Theairventoftheintakeshallbekeptunobstructed.

c) Thehoistingchambershallbefreeofdebris.

5.3 Waterconductorsystem(tunnel,openchannelorcombinationofboth)

5.3.1 Thewaterconductorsystemstructuresshallberegularlyinspected,especiallyduringthe
rainyseasonforhillsideslopesthateasilygiverisetogeologicalhazards.Checkingandinspection
shallhavethefollowingrequirements.Anyidentifiedproblemshouldbeprocessedinatimelyman-
ner.

a) Checkwhetherthetunnelhascracks,distortion,leakage,erosion,abrasion,cavitation,car-
bonization,lossofsealingfilling,orotherphenomena.Checkwhethertheunlinedtunnelhasse-
riousrockfallorwaterseepageandwhetherthelinedtunnelhasseriousconcretespallingorwa-
terseepage.Checkwhetherinstabilityorwaterseepageoccursontheslopeatthetunnelintake
(outlet).

b) Checkwhetherheavymaterialsarestackedatthetopoftheopen-airculvertornon-pressure
tunnelwherethetoprockthicknessislessthanthreetimesthetunneldiameter.

c) Checkwhetherthecanalmainbodyandsideslopesarestableandwhethersoil-rockcollapseor
bankfailureoccurs.Checkwhethersiltdepositsexitsinsidethecanalandwhetherthecanalsur-
facehasabrasion,linerdamageorseriouswaterseepage.

d) Checkwhethertheaqueductbodyandpiersarestableandwhetheranytilting,cracks,damage
orseriouswaterseepageexistonthem.

e) Checkwhetherthesurgetankhasunevensettlement,seepage,cracks,seriousweatheredabra-
sion,anddamagedlinings.Checkwhetherthesurgetank(tower)withcoverventilatessmooth-
ly.

f) Checkwhetherthebaseplateofthepressureforebay,overflow weirandretainingwallhave
distortion,waterseepageorsideslopecollapse.Checkwhethertheoverflowanddrainagefacil-
itiesandsandflushopeningsareintact.

5.3.2 Maintenanceandrepairofthewaterconductorsystemstructuresshallmeetthefollowingre-
quirements:

a) Theauxiliaryfacilitiesofthesurgechambershallbesecure;the waterlevelobservation
facilitiesshallbenormalandreliable.

31

SHP/TG005-2:2019



b) Thetunnelshallbeemptiedforinspectionandoverhaulaswellasregularlyclearedunderexpert
supervisionandasperregulations.

c) Theaverageflowvelocityofthechannelunderdesignflowshallnotexceedthepermissibleve-
locityforthefacingmaterials;thevelocitiesinthechannelshallmeettherequirementsforno
depositsornoscouringundersediment-ladenconditions.

d) Iftheaqueducthasbeendamaged,hascracks,erosionoragedsealing,itshallberestoredor
refurbished.Ifthebaseofthepipehascracksordistortion,itshallberepairedorreinforced.

e) Ifthewaterconductorsystemstructureshavebreachesand waterleakagethataffectthe
mountainstability,theyshallbepromptlydealtwith.

5.4 Powerhouseandsubstation(orswitchyard)

5.4.1 Thepowerhouseandsubstation(orswitchyard)shallberegularlyinspected.Theinspection
shallcomplywiththefollowingrequirements.Anyidentifiedproblemshouldbeprocessedinatimely
manner.

a) Checkwhetherthepowerhousestructuresandtheirancillaryfacilitiesareintact.

b) Checkregularlywhethertheconcretebeams,platesandpillarsofthepowerhousehavecracks
andwhetherthecracksdevelop.Checkwhethertheconcretepedestalsfortheturbinegenerator
unithavecracksoraredamaged.

c) Checkwhetherthehillslopesbehindthepowerhousearestableorwhethertheycollapse.

d) Checkwhethertheboosterstationbaseandstructurearestable.

5.4.2 Maintenanceandrepairofthepowerhouseandsubstation(orswitchyard)shallcomplywith
therelevantrules.Theyshallmeetthefollowingrequirements:

a) Ifthecomponentsofthepowerhousehaveseriousdistortion,damage,cracksorwaterseepage
whichthreatenthesafetyofthestaffandequipment,andthemountainhassignsofalandslide,
itshallbepromptlydealtwith.

b) Ifthefloodcontrolcriteriaofthepowerhousedonotmeettherequirements,engineeringmeas-
uresshallbeadoptedtopromptlysolvetheproblems.

6 Hydromechanicalworks

6.1 Penstock

6.1.1 Thepenstockshallmeetthefollowingrequirements:
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a) Theinnersurfaceofthepenstockshallbeprovidedwithanti-corrosivecoatinghavingeven
thickness.

b) Itshallbeensuredthatthepenstockisfreefromdistortion,cracksorwaterseepage.

c) Itshallbeensuredthatthepenstockglidesfreelyalongtheaxisintheexpansionjoint.

d) Themanholeandthepenstockexpansionjointsshallhavethedesiredcompressionsothatthey
remainleak-proof.

e) Thepenstockshallberegularlyinspected.

f) Thesaddlesupportsandanchorsforthepenstockshallbeintactandstableandwithoutcracks,

damage,displacementorsettlement.

6.1.2 Maintenanceofthepenstocksshallsatisfythefollowingrequirements:

a) Thesurfaceofthepenstockshallreceiveanti-corrosivetreatmentregularly.

b) Ifthereisanycorrosion,crackingorinstability,itshallbepromptlyrepairedorreplaced.

c) Ifthegapbetweentheburiedpipeandtheconcreteaswellastherock,jointlybeartheinternal
pressureincreases,thengroutingofthejointsshallbecarriedouttotreattheproblem.

d) Dampeningmeasuresshallbeadoptediftheexposedpipeisvibrating.

6.2 Gatesandhoists

6.2.1 Normaloperationofthegateshallmeetthefollowingrequirements:

a) Thegateshallbestableandreliable,andnodistortionorcorrosion,thesealsshallbeintact,the
pulleysshallbeinsmoothworkingorderandallthebearings,bushingsandropesshallbeduly
greased.

b) Ifthemaincomponentsofthegateincludingtheboarding,girderandedgebeamandtheradial
gatearmshavecorrosion,astructuralinspectionshallbepromptlycarriedout,thestrengthand
hardnessshallbecheckedandremedialmeasurespromptlytaken.

c) Buriedcomponentsofthegateshallbeinspectedregularly;thosewithseriouslyerodedtracks
orover2mmofun-repairablejointdislocationorthatareseriouslycorrodedshallbereplaced.If
over30%ofthegatecomponentsneedtobereplaced,theentiregateshallbescrappedandre-
placed.

6.2.2 Normaloperationoftheliftingdeviceshallmeetthefollowingrequirements:
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a) Theliftingdeviceshallhavereliablestandbypower.

b) Theelectricaloperatingdevicesandancillaryfacilitiesoftheliftingdeviceshallbesafeandrelia-
ble.

c) Outdoorliftingdevicesshallhaveprotectioncoversinstalledandtheelectricaloperatingdevices
shallbelocked.

d) Thewireropesofthegateliftingdeviceshallnothavedistortion,collapse,aberrationandbro-
kenstrands.Thewire,strandandcoreofwireropesshallnotbesqueezedout.Thewireropes
shallbekeptlubricated.

e) Theoperationofthehoistshallbesafeandreliable.

f) Thenoiselevelofthehydraulicliftingdeviceshallnotbeover85dB.

g) Electricalscrewliftingdevicesshallhavereliableelectricalandmechanicalover-loadsafetypro-
tectiondevices.

h) Bothelectricalandmanualoperativescrewliftingdevicesormanualscrewliftingdevicesshall
havesafetyshafthandlesinstalled;whenthemanualdeviceoftheelectrical-manualoperative
liftingdeviceisconnectedtothemachine,itshallhavesafetymeasuresthatcanswitchoffthe
entireelectricalcircuit.

6.2.3 Maintenanceofthegateshallsatisfythefollowingrequirements:

a) Regularclearingofaquaticgrowth,weedandfilthonthegateandgateslot.

b) Keepingtherotatingcomponentsofthegatelubricated.

c) Fastenedjointsshallbereliablewithoutsloughing.

d) Duringthefrozenseasonincoldareas,measuresshallbeadoptedtoavoidordecreasetheice
loadonthegate.

e) Replacingofwornout,rippedandagedwatersealsinatimelymanner.

f) Regulargreasingandreplacingofthebrokenbearing/bushesofthegatewheels.

6.2.4 Maintenanceoftheliftingdeviceshallmeetthefollowingrequirements:

a) Electricalportionoftheliftingdeviceshallbekeptingoodconditionallthetime.
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b) Regularlyinspectionandmaintenanceofthedeceleratorandgearsandregularfilteringandrepla-
cingofthehydraulicoilshallbeensured.

c) Brakingwheelsandthebrakescotchessurfacesshallbekeptcleanandthebrakeshoegapshall
bekeptnormal.Wornbrakescotchesshallbepromptlyreplaced.

d) Ifthesettingvaluesofthevariablepump,overflowvalveandpressuregaugeareabnormal,

theyshallbereset.

e) Wireropesandpulleyblocksshallbeoiledfrequentlyforcorrosionprotection.

f) Heightindicatorsandloadlimitersshallbecheckedandresetregularly.

6.3 Trashrack

6.3.1 Trashfacilitiesoftheintakeshallbesafeandreliable.

6.3.2 Trashfacilitiesshouldensureanadequateoverflowarea.Siltanddirtshouldberemovedina
timelymanner.

7 Electro-mechanicalequipment

7.1 Turbine

7.1.1 Thefollowingrequirementsshallbemetfornormaloperationoftheturbines:

a) Turbinesshalloperatecontinuouslyandforlongperiodsaccordingtotherelevantdesignparam-
eters.

b) Turbinesshallnotberunwhenthebearingoiltemperatureislowerthan5 ℃.Coolingwater
supplyshallbestoppedwhenthebearing/governoroiltemperatureislowerthan10℃.

c) Thetemperatureofthethrustbearingsusingmetalbushingsshouldnotexceed60℃ (maximum
limitis70℃).Analarmissetat65℃,andthetrippingoftheunitissetat70℃.Thetempera-
tureofthrustbearingsusingelasticmetallicplasticbushingsshouldnotexceed55℃.

d) Thereshallbenormaloperationofthebearingcoolingwater,withoutleakageofthewater,and
noabnormalnoise.Thecoolingwatertemperatureshouldbewithin5℃to30℃,andthecool-
ingwaterpressureshouldbewithin0.15MPato0.3MPa.

e) Whenaturbinegeneratorunitisshutdown,theoillevelinvariousthebearingsshallbeensured
tobenormalandtheoilqualityshallmeettherequiredstandard.
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f) Thereshallbenormaloperationoftheguidevanes,guidevanelinkagesandshearingpins.

g) Thereshallbenoseriouswaterleakageinthemainshaftsealingandshaft-sleevesoftheguide
vanes.

h) Thereshallbenoleakingandcloggingintheoil,airandwaterpipes.

i) Thereshallbenormaloperationofthevacuumvalve.

j) Runoutandvibrationvaluesofalltheturbinegeneratorunitcomponentsshallbekeptwithinthe
allowablerange.

k) Thegovernorshouldbekeptinautomaticcontroloperationmode.Manualcontrolistobeadopt-
edifspecialconditionsoccursuchasunstableworkingormalfunctioningofthegoverningsys-
tem.

l) Operationshallbeprohibitedunderthefollowingconditions:

1) Excessivefluctuationoftheup-streamanddown-stream waterlevelsorunderexcessive
pulsatingpressureinthedrafttube.

2) Excessiverunoutandvibrationofturbinegeneratorunitcomponentsandtheshearingpinis
broken.

3) Oilpressureoftheoilpressureunitsdropstothevaluesetforlowoilpressureduetomal-
functioning.

m) Foraturbinegeneratorunitwitharegulatingvalve,thecoordinatedmotionoftheregulating
valveandthegovernorshouldfunctionnormally.

n) Itistobeensuredthatalltheinstrumentmetersshowcorrectindications.

o) Checkingandrecordingoftheturbinegeneratorunitoperatingconditionsshouldbedoneon
hourlybasis.

p) Hotstandbyunitsshallberegularlyinspectedasoperatingunits.Irrelevantoperationsshouldnot
becarriedout.

7.1.2 Thefollowingrequirementsshallbemetfornormalstartingoperationofturbines.

a) Reactionturbine:

1) Ensurethattheopeningandclosingoftheguidevanesisnormalandtheairreleasevalveof
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thespiralcasefunctionsnormally.

2) Ensurethatthewaterleakagefromtheguidevanesintheclosedpositioniswithinthe
limitsandshallnothindernormalshutdownoftheturbinegeneratorunit.

3) EnsurethattheopeningandclosingoftherunnerbladesoftheKaplanturbineisasperthe
Alpha-Betasetting.

b) Impulseturbine:

1) Ensurethatthereisnowaterleakageintheneedleinthefully-closedposition.Foraturbine
withanozzleairreleasevalve,ensurethatthenozzleairreleaseisworkingnormallyduring
start-upoftheturbinegeneratorunit.

2) Ensurethatthedeflectorisworkingnormally,andispositionedaccurately.

3) Ensurethatthebrakesub-nozzleisworkingnormally.

7.1.3 Tostarttheturbinegeneratorunit,thefollowingcriteriashallbemet:

a) Ensurethatthemainvalveisfully-open,theregulatingvalveisfully-closedandthepenstockis
full.

b) Ensurethatthegovernorisinthefully-closedpositionandislocked;oilpressureinpressureac-
cumulatorisnormalandthepowersourcefortheoilpumpisswitchedon.

c) Ensurethattheoillevelofallthebearingsoftheturbinegeneratorunitisnormalandthattheoil
colourisnormalandthereisnooilleakage.

d) Ensurethattheelectricprotection,mechanicalprotectionandA.C/D.Coperatingpowersources
arefunctioningnormally.

e) Ensurethattheelectricalsystemisnormalandreadytobeputintooperation.

f) Ensurethatthebrakedeviceoftheturbinegeneratorunitisfunctioningnormallyandisatits
closingposition.

7.1.4 Thefollowinginspectionsshouldbecarriedoutfornewly-installedturbinegeneratorunitsor
unitsthatareputintooperationsaftermaintenance,andallworkpermitsshouldbereturned.New
unitscanbeputintotrialoperationafterbeinginspectedandwhenitisensuredthatthereareno
personsworkinginsidetheturbinegeneratorunit.

a) Ensurethatthereshallbenodebrisinthewaterconductorsystemandtheflowpassagesinclu-
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dingthepenstock,spiralcaseandairpipe.

b) Ensurethatthebrakedeviceworksnormallyandisinitsclosingposition.

c) Ensurethattheguidevanemechanismisnormal,withnodamagetotheguidevanesorloose
shearingpins.

d) Ensurethatnodebrisortoolsshallbeleftinsidethegenerator;thespringpressureofthe
carbonbrushinthecollectingringshallbenormalwithoutblockingandlooseningconditions.

e) Ensurethattheautomationdeviceoftheturbinegeneratorunitshallbenormal.

f) Ensurethatallthesealingdevicesoftheturbineshallbeingoodorder.

g) Ensurethattheoperatingmechanismoftheturbine’smainvalve,regulatingvalveandstroke
switchshallworknormally.

h) Ensurethattheoil,airandwatersystemsshallbenormal.

i) Ensurethatthegovernorshallfunctionnormally.

j) Securityisolationfencesaroundtheunitshouldberemoved.

k) Ensurethattherotorjackingupworkshallbecompleted.

l) Ensurethatalltheelectricaltests,turbinegeneratorunitoverspeedandloadrejectiontestsare
doneandcomplywiththerelevantstandardsandarerecordedasperthenorms.

m) Ensurethatfornewly-installedturbinegeneratorunits72-hourofcontinuousfullloadtestrun
shallbedone.Ifduetothenon-availabilityofsufficientdischargeorgridproblems,theturbine

generatorunitisunabletotakeupitsratedloadthenthe72-hourcontinuousoperationtestshall
becarriedoutunderaslargealoadaspossibleaccordingtotheconditionsatthattime.

7.1.5 Formaintenanceandfaulttreatmentoftheturbine,thefollowingrequirementsshallbesatis-
fied:

a) Regularinspectionandmaintenanceoftheturbineshallincludethefollowingoperations:

1) Measuringandrecordingoftheturbine’smainshaftswing,shaftvoltageandtheshaftcur-
rentoftheturbinegeneratorunit;
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2) Switchingoftheauxiliaryequipmentandaccessorysystembetweenthemainandstand-by
systems;

3) Fillingorchangingofthelubricatingoilandlubricatinggreaseaccordingtotheoilusage
conditionsofthevariousbearingsandlubricatedparts;

4) Inspectionandadjustmentofthemainshaftsealinggaptoanappropriateintermediateval-
ue,andinspectionofthewaterqualityofthesealingwater;

5) Cleaningandbackflushingofthefilterforcleanwatersupply;

6) Waterreleaseanddirtdrainingforalltheairandwaterseparators;

7) Inspectionoftheguidevaneopeningforevennessandcheckingoftheverticalsideandend
sidegaps;

8) Inspectionandcheckingoftheturbinelabyrinthgap;

9) Jackingupoftherotoroncepriortorestartingtheturbinegeneratorunitsfora72hours
shutdown.Forthrustbearingsusingelastic metallicplasticbushings,startingofthe
turbinegeneratorunitwithoutjackingupoftherotorbyhighpressureoilisallowable.

10) Regularcleaningofthesurfacesoftheequipmentshouldbeensured.

b) Maintenanceandtreatmentoftheturbinesunderoperationshallsatisfythefollowingrequire-
ments:

1) Ifthereisabnormalnoiseduringturbineoperation,thentheturbinegeneratorunitshallbe
shutdownforinspection;

2) Whenoverspeedoccurs,theguidevanesshallbeclosedimmediatelytofindthecauseof
thesameandrelevantmaintenanceandremedialmeasuresshallbetaken;

3) Whentheguidevaneshearingpinissheared,theturbinegeneratorunitshallbestopped
andtheshearingpinchanged;

4) Whenthebearingtemperaturerisesabnormally,checksaretobecarriedoutforoilleakage
inallparts,theoillevelbeingnormal,oilcolourbeingnormal,andthewatersupplyforthe
bearingbeingnormal,anyincreaseinturbinegeneratorunitvibration,swingorabnormal
noiseinsidethebearings.Regularbearingtemperaturemonitoringshallbedone.Iftheprob-
lemstillpersists,themachineshouldbeshutdownfordetailedcheckingandfortakingre-
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medialmeasures;

5) Ifthebearingbushingtemperatureexceeds65 ℃ andcontinuestoriseafterbeingpro-
cessed,theturbinegeneratorunitshouldbeshutdownforinspection;

6) Whentheoillevelinthebearingdrops,theturbinegeneratorunitshallbeimmediatelyshut
downandtherelevantmeasurestaken;

7) Whenwaterleakageoccursinthebearingcooler,theturbinegeneratorunitshallbeimme-
diatelyshutdownforchangingorrepairingthecooler,andapressuretestshallbe
carriedout;

8) Whenthecoolingwaterinthebearingisblockedorstopped,theturbinegeneratorunit
shallbeshutdownandaninspectioncarriedout;

9) Whenthevibrationandswingvalueexceedtheallowablevalues,theunitshallbeshut
downtocheckforthecauseoftheproblem;

10) Iftheunitwithoutbrakingdevice,itshallberenovated.Themanualbrakingmethodusing
woodpadorstickshallnotbeadopted;

11) Otherfaultsthatcouldpossiblyendangerpersonalandequipmentsafetyshallbedealt
with.

7.2 Generator

7.2.1 Thefollowingrequirementsshallbemetfornormaloperationofthegenerator:

a) Thegeneratorshouldbeoperatedcontinuouslyforalongduration,theoperatingparameters
shouldbekeptwithintheprescribedlimitssetbythemanufacturer.

b) Theairtemperatureforair-cooledgeneratorsshouldbewithintheprescribedlimits.Airshallbe
clean,dryandnon-corrosive.

c) Thehighestallowabletemperatureriseandtemperatureofthestatorwinding,rotorwinding
andironcoreshallnotexceedthemanufacturer’sspecifications.

d) Voltagefluctuationunderconstantpoweroutputislessthan±5% ofratedvalue,withthe
maximumnotexceeding±10%oftheratedvalueandtheexcitationcurrentthenshallnotex-
ceedtheratedvalue.Minimumoperatingvoltageisdeterminedbytherequirementsforpower
gridstabilityandshouldnotbelowerthan90%oftheratedvalue,andthestatorcurrentthen
shallstillnotexceed105%oftheratedvalue.
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e) Whenthefrequencyfluctuationsdonotexceed±0.5Hz,operationmaytakeplaceunderthera-
tedcapacity.Rotorcurrentshallnotexceedtheratedvaluewhenthefrequencyislessthan
49.5Hz.Thefrequencyfluctuationrangeoftheturbinegeneratorunitmaybeextendedasap-
propriateforisolatedsmallpowergrids.

f) Incompletephaseoperationshallnotbeallowed.Underfaultconditions,shorttimeover-current
isallowed.Thelimitsofovercurrentofthestatorwindinganditscorrespondingallowabletime
durationshallbemaintainedasperthemanufacturer’sinstructionsandtheoccurrenceofover-
currentlastingfortheallowabletimedurationshouldnotexceed2timesayear.

g) Duringoperation,iftheturbinegeneratorunitisrequiredtooperateatleadingPF,itshallbe
ensuredthatthestatorandrotorcurrentsarenotexceedingtheirprescribedlimits.

h) Itistobeensuredthatduringstartingthebrakesareoffandduringshutdownoftheunitthey
areclosedatonly20%to35% oftheratedspeed,thedurationofbrakingshouldnotexceed
2min.Thebrakeairpressureshallbewithinthenormalrangeasprescribedbythemanufacturer
(0.5MPato0.7MPa).Itistobeensuredthatthemachinecomestoastandstillwithinthepre-
scribedtimeafterthebrakesareapplied.Long-termcreepingoftheturbinegeneratorunitsat
lowspeedshallbeavoided.Whensub-nozzleinversewaterflushingorjettingisusedforthe
Peltonturbinegeneratorunits,themaximumbrakedurationshallnotexceed5min,andthemo-
nitoringandcontroldevicesfortheswitchingbrakewaterflushingorjettingonandoffshall
worknormally.

7.2.2 Thefollowingcriteriashallbemetfornormalstarting,paralleling,loadincreasingandstop-
pingofthegenerator:

a) Operationofnormalstartingoftheturbinegeneratorunitsshallbecarriedoutbytheauthorized
operatorafterreceivingclearanceofalltheworkpermits.Operationofnormalshutdownwillbe
doneafterreceivingclearinstructionsfromauthorizedpersonnel.

b) Stand-byunitsandtheirauxiliarysystems/equipmentshallbeingoodconditionandbeableto
startimmediatelyatalltimes.

c) Whenthegeneratorspeedreachesabout50%ofratedspeed,thevibrationandcontactcondi-
tionofthecarbonbrushesonthecollectingringshallbeinspected,aswellaswhetherthesound
ofallpartsoftheturbinegeneratorunitisnormalornot.Ifanythingabnormaloccurs,thecau-
sesshallbefoundandresolved.

d) Aftertheturbinegeneratorunitspeedbasicallyreachestheratedvalue,thevoltagebuildup
processshouldbestartedbyswitchingontheexcitationsystem.Thevoltageshouldbeslowly
increasedtoitsratedvalue.

e) Thefollowingitemsshallbeinspectedduringtheprocessofincreasingthegeneratorvoltage:
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1) Forgeneratorswithsilicon-controlledexcitation,thereshallbeanappropriatenumberof
lapsofthepotentiometerforregulatingtheexcitation;

2) Thethreephasestatorcurrentshallbeequaltozero.Ifcurrentexistsinthestatorcircuit,

thede-excitationswitchshallbeshutoffimmediatelyandtheturbinegeneratorunitshut
downtoinspectwhetherornotthereisashortcircuitinthestatorcircuitorthegrounding
wirehasbeenremoved;

3) Inspectwhetherthethreephasestatorvoltagesarebalanced;

4) Inspecttheinsulationresistanceoftherotorcircuitoftheturbinegeneratorunit;

5) Undernoloadratedvoltage,checkwhethertherotorvoltageandcurrentexceedtheno
loadratedvalueornot.Iftheydo,theturbinegeneratorunitshallbeimmediatelyshut
downandtheexcitationmaincircuitshallbeinspectedforfaults.

f) Ifoneofthefollowingconditionsexists,theparallel/synchronizingbreakershallnotbeallowed
tobeclosed:

1) Rotationofsynchroscopepointeristoofast;

2) Pointerstopswhenclosetothesynchronousmark;

3) Ifthepointerisfluctuating;

4) Failureofthesynchroscope;

5) Operatorisinanervousstateandhis/herfourlimbsaretrembling.

g) Thefollowingrequirementsshouldbesatisfactoryfordisconnectingtheturbinegeneratorunit
fromthepowergridandshuttingitdown:

1) Reducetheloadoftheturbinegeneratorunitandbringitclosetozeroafterreceivingthe
ordertoshutdowntheunit;

2) Thenturbinegeneratorunitcircuitbreakershallbeswitchedoff;

3) Forgeneratorswithsiliconcontrolledexcitation,thede-excitationshallproceedbyreduc-
tioninthecontinuouscurrentflow;

4) Disconnectthedisconnectingswitch;

5) Ifthedurationoftheshutdownoftheturbinegeneratorunitisscheduledforalongdura-
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tion,theinsulationresistanceoftherotorandstatorcircuitsshallbemeasuredandrecor-
ded.

7.2.3 Afteramajororminoroverhaul,theturbinegeneratorunitshallhavequalifiedacceptance
priortoputtingitintooperation.Itemsofacceptanceshallsatisfythefollowingrequirements:

a) Temporarygroundingline,signagecardsandguardblocksareremoved;nopersonsaretobe
workingontherelevantequipmentandnomiscellaneousitemsandtoolsaremissing.

b) Insulationresistanceofthestatorwindingandtherotorcircuitisproper.

c) Conditionsoftheprimaryandsecondarycircuitsarenormal.

d) Excitationcircuitisnormal,andmanualandautomaticexcitationtransferswitchesareatthe
cut-offposition.

e) Thedisconnectingswitch,circuitbreakerandde-excitationswitchofthegeneratorareinthe
shut-offposition.

f) Rotorjackingupcompletedfortheverticalturbinegeneratorunits.

7.2.4 Thefollowingrequirementsfornormalmonitoringandmaintenanceofthegeneratorshall
bemet:

a) Changesinallthemetersonthecentralizedcontrolboardandelectricalpanelsshallberecorded
onceeveryhour.

b) Thetemperatureofthestatorwinding,statorcore,outletwaterfromtheaircooler,inletand
outletairandbearingsshallberecordedonceeveryhour.

c) Readingsofallthemetersprovidedonthevariousunitpanelsandcontrolpanelsshallberecor-
dedonceeveryhourandtherotorinsulationandbalanceconditionofthestatorthreephase
voltagesshallbeinspected.

d) Forpowerstationswithmicroprocessormonitoring,recordsshouldbemadeeveryhour.

e) Sounds,vibrationandthesmelloftherotatingpartsofthegeneratorandexcitationsystem
shallbemonitored,andifanyabnormalconditionsarediscovered,timelyrecordingandrepor-
tingshallbemadesothatremedialmeasuresareensuredinatimelymanner.

f) Inspectwhetherheatingandcolourchangesexistinanyconnectionpartsoftheprimaryandsec-
ondarycircuits,whetherabnormalnoisesexistinthepotentialandcurrenttransformers,and
whethertheoillevelandoilcolourintheoilcircuitbreakersarenormalornot.
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g) Regularinspectionofthegeneratoranditsaccessoriesshallbedone,atleastonceeveryshift.

h) Regularpreventivetestsforthegeneratorshallbedone.

7.2.5 Thefollowingrequirementsforthemeasurementoftheinsulationresistanceandthedryingof
thegeneratorshallbesatisfied:

a) Forageneratorthathasbeenshutdownformorethan3to10days,theinsulationresistanceof
thestatorandtherotorcircuitsshallbemeasuredpriortothestartofoperationaccordingtothe
actualenvironmentalweatherconditionsatthepowerstation.

b) Forhighvoltageturbinegeneratorunitswithgeneratoroutletvoltagesof6.3kVandover,the
insulationresistanceofthestatorcircuitistobemeasuredbya2.5kVmega-ohmmeter.The
measuredfigureshallbeconvertedtothevalueat75℃forthesakeofcomparison.Measure-
mentoftheinsulationresistanceofthestatorwindingmayincludethepowercable;inthecase
ofgenerator-transformerconnections,thelowvoltagewindingofthetransformermaybein-
cluded.

c) Forturbinegeneratorunitswithgeneratoroutletvoltageof400V,theinsulationresistanceof
thestatorandrotormaybemeasuredbya500Vmega-ohmmeter,whichshallbeover0.5MΩ.

d) Theinsulationresistanceofalltheexcitationsystems,measuredwitha500Vmega-ohmmeter,

shallbeover0.5MΩ.

e) Whentheinsulationresistancedoesnotmeettherequirementsduetotheeffectofdampness,

generatordryingmustbecarriedoutbythefollowingmethods:

1) Naturalaircoolingonnoloadrotationordryingbypassinghotair;

2) DCcurrentdrying;

3) Electriclampdrying;

4) Electricovenbaking;

5) Shortcircuitdrying.

7.2.6 Underfaultconditions,shorttimeoverloadisallowedforthegenerator,andtheallowable
durationofoverloadshallmeettherequirementsspecifiedinTable1.Whenthegeneratorstatorcur-
rentexceedstheallowablevalue,thedurationoftheallowableexcessvalueofthegeneratorpower
factor,voltageandcurrentshallbeinspected.Reductionoftheexcitationcurrentcausesthegenera-
torstatorcurrentnottoexceedthemaximumallowablevalue.Ifdecreasingtheexcitationcurrent
cannotsatisfytherequirements,areportshallbesenttotheloaddispatchcentrefordecreasingthe
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activeloaduntiltheallowablecurrentisreached.

Table1 Allowabledurationforgeneratorshorttimeoverload

Overloadcurrent/ratedcurrent 1.1 1.12 1.15 1.2 1.25 1.5

Allowablecontinuousduring(min) 60 30 15 6 5 2

7.2.7 Thefollowingrequirementsshallbemetforthemaintenanceandfaultremovalofthegenera-
tor:

a) Whenthegeneratorisoverloaded,thereactiveloadshallbereduceduponcoordinationwiththe
loaddispatchcentre;ifthestatorcurrentcannotbereducedtotheratedvaluebydecreasingthe
excitationcurrent,thentheactiveloadofthegeneratormustbereduced.Ifthereisanyfaultin
thepowersystem,theoverloadrequirementforthegeneratorshallbeobservedandthestator
windingtemperatureshallbestrictlymonitored.

b) Whentheexcitationsystemisgroundedatonepoint,theturbinegeneratorunitshallbeshut
downforremedialmeasures.

c) Whenthegeneratortemperatureisabnormal,thetemperaturemeasurementdeviceandthe
componentsshallbeinspectedtoseewhethertheyarenormalornot.

d) Whenthepotentialtransformercircuitmalfunctions,thesecondarycircuitfusesshallbeinspec-
tedandreplacediffoundtobeblown;ifthefaultstillpersists,shutdownoftheturbinegenera-
torunitforremedialmeasuresshallberequested.

e) WhenthegeneratoroutputinkW/MW meterdisappears,thefollowingshallbeinspectedto:

● Ensurewhetherthefusesoftheoperatingcircuitareblownornot;

● Ensurewhethertheelectricalconnectionofthemonitoringrelayintheoperatingcircuitis
intactornot;Ensurewhethertheoperatingcoilsofthegeneratorcircuitbreakerareokay
ornot;

● Ensurewhetherthesubsidiarycontactpointsarehavingpoorcontact;

● Takeremedialactionwhereverrequired;Ifthefaultstillpersiststhenshutdowntheturbine
generatorunitfordetailedinspectionandremovalofthefault.

f) Whengeneratorcircuitbreakertripsautomatically,thestatorwindingshallbeinspectedtoen-
sureifitishavingaphase-to-phaseshortcircuitoraphase-to-groundshortcircuit.

Whenthereisageneratorterminal,busbarorlineshortcircuit;orfaultyactionoftherelay
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protectiondeviceorcircuitbreakeroperatingmechanismorcontactbytheoperatorbymistake,

thede-excitationswitchofthegeneratorshallbeimmediatelytrippedandthemanual/automatic
excitationcontrolswitchturnedtothecut-offposition.Causesshallbeidentifiedandremedial
actiontaken.

g) Whenthelowvoltageover-currentprotectionisactivated,thegeneratorcircuitbreakertrips.
Atthesametime,themaintransformerandlinecircuitbreakersalsotripduetoover-current,

indicatingthatitwasallcausedbyalinefault.Theoperatorshouldstarttheunitandkeepthe
unitatnoloadpositionsothatitmaybesynchronizedassoonasthelinefaultisattendedtoand
clearanceisgivenbytheloaddispatchcentre.

h) Whendifferentialprotectionisactivated,

● Theturbinegeneratorunitshallbeshutdownimmediatelyandde-excited;

● Checkingofthefaultindications,thedifferentialcircuit,relayprotectioncircuitwillbedone
toensurewhethertheseareinorderornot;

● Phenomenaofarclight,smokeandfirecausedbyapunctureoftheinternalinsulationofthe
generatorshallbecheckedfor;

● Shortcircuitandgroundingoftheequipmentwithinthedifferentialprotectionareashallbe
inspected;

● Phase-to-phaseandphase-to-groundinsulationresistanceofthegeneratorwindingsshallbe
measuredwitha2.5kVmega-ohmmeter;

● Ifafaultpointisnotdiscoveredandtheinsulationresistanceisgood,areporttotheload
dispatchcentremaybedeliveredforraisingthevoltagefromzeroandspecialattentionshall
bepaidtotheconditionsduringtheprocess,withimmediateshutdownoftheturbinegen-
eratorunitupontheemergenceofanyabnormalcondition;

● Priortodetectionofthecausesofdifferentialswitchingoff,thestartingoftheturbinegen-
eratorunitandforcedsynchronizationwiththegridisabsolutelynotallowed.

i) Whentheovervoltageprotectionactionoccurs,checktheovervoltagetrippingcause,resolve
thefaultsandarrangedmaintenanceaccordingtothesituation.

j) Ifthereisfaultyactionofthegeneratorcircuitbreaker,thegeneratorexcitationandrotation
speedshallbeimmediatelyregulatedtothenoloadpositionandthecausesofthefaultascer-
tained.Ifnoabnormalityisfound,theunitshouldbeimmediatelysynchronizedwiththegrid.

k) Duringnon-synchronousparalleloperation,theinsulationresistanceofthegeneratorstator
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windingshallbecheckedforanydamageatthegeneratorterminals.Ifso,andtheremedialac-
tionistakenandalltheothercomponentsoftheunitarefoundtobenormal,thentheunitisre-
startedandsynchronizedwiththegrid.

l) Whentheincreasingofthegeneratorvoltagefails,thepowersourceoftheexcitationsystem
andthecontactconditionoftheexcitationcircuitshallbechecked.

m) Foradoublewindingshuntreactanceexcitationdevicefault,theturbinegeneratorunitshallbe
shutdown,theitemsshallbeinspectedonebyoneandthefaultsresolved.

n) Whenthefollowingconditionsemerge,theturbinegeneratorunitshallbeshutdownfortreat-
ment:

1) Voltagebuild-upforthebrushlessexcitationsystemfails;

2) Voltagebuild-upforthesiliconcontrolledself-excitationsystemfails;

3) Generatorlosesexcitation;

4) Smoke,fireoracharringsmellappearsinthegeneratorstatorandtherotor;

5) Strongsparksintheslipringbrushappearandtheremedialactionfails;

6) Faultsoccurintheelectricalpartsandcables,andrecoveryisnotpossible;

7) Foreignsubstancessuchasmetallicmatterhavedroppedintothegenerator.

o) Whengeneratorvibrationincreases,thegeneratorexcitationcurrentisincreased,andtheload
isalsoappropriatelyreducedtorecoversynchronism.Evenafterthis,ifthesynchronismbe-
tweentheentirepowerplantandthepowersystemislost2minuteslater,thepowerplantshall
bedisconnectedfromthepowergridandsuitableremedialactionshallbetaken.

p) Whentheindicationvaluesforthestatorortherotormeasuringmetersuddenlydisappear,the
valuesfortheothermeasuringmetercanbeused,andcheckwhetherthemeasuringmeteris
damagedorthesecondarycircuitisdisconnected.Resolvethefaultsbytakingmeasures.

q) Ifthegeneratorcatchesfire,thegeneratorcircuitbreakershallbeimmediatelytripped;the
guidevaneopeningshallbereduced,andtheturbinegeneratorunitshallnotbeshutdownby
braking,butitshallbeshutdownifitisconfirmedthattheinternalinsulationofthegenerator
hasbeenburnt.Fireprotectionmeasuresshallbeadoptedtoreducedamage.Attendantsshall
extinguishthefireusingnon-conductingfireextinguishersaccordingtotherequirements;fire
extinguishingdevicesusingwatermaybeusedtoputoutthefireonceitisconfirmedthatthe
powersourcehasbeendisconnected.
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7.3 Hydroturbinegoverningsystem

7.3.1 Thefollowingrequirementsshallbemetfornormaloperationofthegovernor:

a) Stableoperationofthegovernor,normalindicationsandnoabnormalvibrationandblockage.

b) Noabnormaltremblingofthemaindistributionvalveandauxiliaryservomotoroftheproperly-
controlledgovernor,andnolooseninganddroppingoffofanyleversandpinaxlesinthecontrol
cabinet.

c) Nooilleakageinanyoilpipeorconnectionpointinthegovernor.

d) Regularcleaningoftheoilfilterandinspectionoftheoillevelandcolourinthegovernor.

e) Normaloperationoftheoilpumpandelectricalcircuitsinthegovernor,capableofstartingand
stoppingwithintherangeofspecifiedoilpressure.

f) Reliableactionofthesafetyvalveandcheckvalve.

g) Allinstrumentmetersofthepressureoiltankshallindicatenormaloperation;thepressure
meterofthefiltershallindicatethattheoperatingpressureofthehydraulicpressurecontrolcir-
cuitofthegovernorisnormal.

h) Thepressuremeterforcontrollingthestartingandstoppingoftheoilpumpworksnormally.

i) Theoilpumpmotorshallworknormally.

j) Theoillevelofthepressureoiltankandreturnoiltankisnormal.

k) Thevisibleoillevelmeterofthepressureoildeviceisingoodcondition.

l) Thepressureoildevicewithanintermediateairsupplytankshallsupplyairtothenormalpres-
sureandsatisfytheoil-airratiorequirements.

m) Thepressuresetvalueofthesafetyvalveoftheoilpumpshallbeuptostandard.

n) Theuni-directionalvalveofthehighoilpressuregovernoroperatesnormally.Theelectricmotor
mustnotrotateinthereversedirectionwhenthepumpshutsdown.

7.3.2 Thehydraulicsystemandthegovernorshallmeetthefollowingrequirements:

a) Theservomotorlockshallbepulledoutduringoperation.
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b) Theservomotoractionshallbenormalduringmechanicalmanualandelectricalmanualoperation,

andphenomenasuchasservomotortwitchingandvibrationshallnotoccur.

c) Nooilleakagesurroundingthehydraulicpressurevalve,andnodefectsinthesealingringofthe
valvebody.

d) Thegovernorclosingtimeshallbesetandbeuptostandard,andlooseningandalterationofthe
positionoftheadjustmentmechanismshallbeprevented.

e) Themanualdeadbandoftheservomotorduringon-loadoperationshallbesetreasonably.

f) Theelectricalfeedbackdeviceoftheservomotorshallbenormal,andfaultsof“feedbackline
breaking”shallnotemerge.

g) Theservomotorshallbelockedaftertheturbinegeneratorunitshutsdown.

h) Thenoloadopeningshallbereasonablysetinaccordancewiththecontrolparametersofthetur-
binegeneratorunit.

i) Forturbinegeneratorunitsdeployedwitharegulatingvalve,thecombinedactionofthegover-
norandtheregulatingvalveshallbenormal.

7.3.3 Thegoverningsystemshallbetakenoutofoperationwhenoneofthefollowingfaultsemer-
ges:

a) Faultinthepressuremeterwiththeelectricalcontactpointusedforthestopcontroloftheoil
pump.

b) Faultintheoilpump.

c) Faultinthesafetyvalve.

d) Incompletephaseoperationoftheelectricmotor.

e) Faultinthevisibleoillevelmeteronthepressureoiltank.

f) Faultintheregulationoftheclosingtimeofthegovernor.

g) Feedbacklinebroken.

h) Faultintheturbinegeneratorunitfrequency.

i) Oilleaksoutaroundthehydraulicpressurevalve.
13
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7.3.4 Inspection,repairand maintenanceofthegovernorsystem shallbecomprisedofthe
followingcontents:

a) Inspectthecomponentsofthepressureoildevice,includingthepressuremeterwithelectrical
contactpoint,theoilpump,oilpumpelectricmotor,safetyvalve,emergencyshutdownelec-
tro-magneticvalveandtheemergencyshutdowntimeregulationmechanism,thevisibleoillevel
meterofthepressureoiltank,visibleoillevelmeteroftheoilreturntank,andthemainoil
valveandtheoilpumpcontrolpanel.

b) Inspecttheoilpressurecontrolpartsincludingthecentralfiltercoreoftheoilfilter,thepres-
suremeteroftheoilfilterandtheoilleakageoftheoilpressurevalvebody.

c) Regularoilfillingforthegovernorkeyshaft.

d) Frequentlyinspectwhethertheoil-airratioofthegovernoroilpressuretankisnormalornot.

e) Observetheoperatingconditionoftheelectricalpartsandcomponentsofthegovernor.

f) Inspecttheexternaloperatingcircuit.

g) Inspecttheoutsideappearance.

7.4 Excitationsystem

7.4.1 Thefollowingcontentsshallbeincludedfornormaloperationoftheexcitationsystem:

a) Thepanelandcabinetshallbecleanandtidywithnodustaccumulation.

b) Thewireconnectionshallbeingoodorder,withnoabnormalageingofthewireandthewire
connectionsshallbefirm.

c) Nodamagetothepartsandcomponents.

d) Normaloperationoftheairventilation.

e) Carbonbrushesshallbeintactandingoodcondition,withoutjumpingandoverheating.

f) Alllimitfunctionsoftheexcitationregulatorshallbenormalandinoperation.

7.4.2 Theexcitationsystemshallbetakenoutofoperationifthefollowingfaultsemerge:

a) Evidenttemperatureriseofthedeviceorequipment,andthetemperaturestillexceedstheal-
lowablevalueaftermeasureshavebeentaken.
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b) Systeminsulationhasdecreased,andnormaloperationcannotbemaintained.

c) Contactsofthede-excitationswitch,circuitbreakerofthemagneticfieldorotherAC/DCswit-
chesoverheat.

d) Faultintherectifierpowercabinet,sothatcontinuousgeneratoroperationattheratedloadand
ratedpowerfactorcannotbeensured.

e) Faultinthecoolingsystemwhichcannotberectifiedwithinashorttime.

f) Faultintheautomaticunitoftheexcitationregulator,andthemanualunitcannotbeputinto
operation.

g) Automaticchannelcannotoperatenormallyforalongtime.

7.4.3 Theoverhaulandmaintenanceofexcitationsystemsshallincludethefollowingcontents:

a) Anydustaccumulatinginthecabinet,panelandrectifyingcomponentsshallbecleanedup.

b) Inspectionoftheoperatingcircuitoftheexcitationsystem.

c) Inspectionofalltheswitchmechanisms.

d) Inspectionoftheovervoltageprotection,limitsandotherauxiliaryfunctionunitsoftheexcita-
tionsystem.

e) Inspectionoftheintegralperformanceoftheinputandoutput,andthephaseshiftrangeofthe
excitationregulator.

f) Remedialactionsaretakenfortheoperationaldefects.

7.4.4 Systematictestsshallbecarriedoutafteroverhaulfortheexcitationsystem.

7.5 Mainvalveandoverheadcrane

7.5.1 Thenameplateofthemainvalveshallbeplacedatanappropriateposition.

7.5.2 Themainvalveshallmeetthefollowingcriteriapriortoopening:

a) Drainvalveofthespiralcasingshallbefullyclosed.

b) Governorshallbeatthefully-closedposition.
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c) Mechanicallockofthemainvalveshallbeattheinsertionposition.

d) Waterpressureatthefrontandbackofthevalveshallbebasicallyinequilibrium.

7.5.3 Thefollowingrequirementsshallbemetforclosingthemainvalve:

a) Controlcircuitofthemainvalveshouldbeinworkingcondition.

b) Mainvalveshallhaveback-upprotectionfunction.

c) Mainvalveshouldbeclosedaftertheturbinegeneratorunitshutsdown.

d) Whentheguidevanecouldnotbefullyclosedduetoafault,themainvalveshallbeableto
closeunderflowingwaterwithin5minutes.Hydraulically-operatedslidingvalvesandbutterfly
valves,andelectrically(manually)operatedbutterflyvalvesandslidingvalvesshallbeableto
closeunderflowingwaterwithin5minutesaftertheelectricityisshutoff.

e) Themechanicallockshallbeputintoeffectafterconfirmingclosureofthevalve.

7.5.4 Thefollowingrequirementsshallbemetfortheoperationandmaintenanceofthemainvalve:

a) Regularinspectionofthevalveanditscontroldeviceshouldbecarriedoutregularlyandensure
theseareingoodworkingcondition.

b) Inspectwhetherthereiswaterleakageinthemainvalve,extendedsection,expansionjoint,

andconnectionflange.

c) Inspectallthepressureswitchesandpressuremeterstoseewhethertheirindicationisnormal.

d) Inspectwhetherthepositionofthevalveontheby-passpassageiscorrectanditsactionisnor-
mal.

e) Inspectwhethertheoperationoftheairvalveisnormal.

f) Inspectwhetherthesoundoftheopeningandclosingofthemainvalveisnormal.

g) Inspectwhetherthevalveisabletoclosewithinthespecifiedtimeunderflowingwater.

h) Inspectwhethertheoperationofthestrokeswitchisnormalandthepositionoftheopeningin-
dicatoriscorrect.

i) Inspectwhethertheoperationofallthesignaldevicesisnormal.
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j) Inspectwhethertheoperationoftheoperatingpowersourceandtheelectricalcontroldeviceis
normal.

k) Thedrivemechanismshallberegularlyfilledwithlubricatingoilandgrease.

7.5.5 Thefollowingrequirementsshallalsobemetfortheoperationandmaintenanceofhydrauli-
cally-operatedmainvalves:

a) Theoilleveloftheoilpressuredeviceshallnotbelowerthan1/3abovethebottomlineofthe
oilmark.Pressurizedoilshallbefilteredonceevery3months.Theoiltankshallberegularly
cleanedandinspected.

b) Thepressureofthefilledgasinthepressureaccumulatoristobeinspectedregularly.Nitrogen
shallbefilledtothesetvaluewhenthefilledgaspressureislowerthanthesetvalue.

c) Inspectwhethertheoilandwaterpipelinesareintact,andthereshouldbenoleakagefromany
joint.

d) Inspectwhetherthepositionoftheoperatingservomotorofthemainvalveisnormalandthat
thereisnoleakagefromanyjoint.

e) Inspectwhetherthepressureoilpumpandcirculatingoilpumparenormalduringoperationand
thatthemanualoilpumpisabletoopenthevalvenormally.

f) Inspectwhetherthepositionoftheoperatingservomotorofthemainvalveiscorrect,there
shouldbenoleakagefromanyjoint.

g) Inspectwhethertheoperationofthelockingdeviceisnormal.

7.5.6 Thefollowingrequirementsshallbemetfornormaloperationofthecrane:

a) Ensurethattheworkingoftheautomaticbrakedeviceisnormal.

b) Themicro-regulatingcontrolsystemofthebridgecraneisreliable.

c) Itshallbeensuredthatthemetallicstructuresandoutercasingsofalltheelectricalequipment
arereliablygrounded.

d) Thecableinsulationshallbereliable.

e) Ensurethatthefireprotectionequipmentisnormalandthattherubberinsulationcushioninthe
operator’scabiniseffective.
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f) Thebalancingweightsarenottobedisturbedbytheremovaloradditionoftheload.

g) Thestartershallbereturnedtoitsoriginalrestingpositionandthenthepowersourceswitch
shallbeturnedoffoncetheelectricityisshutoffduringoperation,andinthecasethatthereisa
brakingdeviceforthecrane,itshallbebraketight.

h) Theterminalbufferoftherailshallbereliable.

7.5.7 Repairandmaintenanceofthecraneshallmeetthefollowingrequirements:

a) Thecraneshouldbeinspectedonceayearandthepulleyblockcanbemaintainedonceevery2to
6years.

b) Whenmaintenanceandrepairsarecarriedoutontherails,bothendsofthemaintenanceandre-
pairlocationsshallbefixedbysteelrailclamps.

c) Whenworkstops,thepowersourceshallbecutoffandthetrackclipfirmlyinstalled.

d) Fornewly-installedcranes,orforcranesjustaftermajorrepair,staticanddynamicloadtests
forthecraneshallbecarriedoutaccordingtotherelevantregulationspriortocommissioning.

7.6 Water,oilandairsystems

7.6.1 Thefollowingrequirementsshallbemetfornormaloperationofthewatersupplysystem
equipment:

a) Theflowandpressureofthewatersupplysystemshallsatisfytherequirements.

b) Thepressureattherearofthepressurereducingvalveshallbewithintherangeofthedesign
value.

c) Thefilterworksnormally.

d) Duringcleaningofthefilter,thewatersupplyshallnotbeinterrupted.Thesedimentationdevice
andsiltreleasedeviceshallbeabletooperatereliably.

e) Thewaterqualityofthebearinglubricatingwaterandthemainshaftsealingwatershallmeet
thedesignrequirements.

f) Theelectro-magneticorelectricalvalveshallbeabletoactnormallywithoutanyblockageand
resistance.

g) Thewatersupplypumpworksnormallyandthestand-bypumpshallabletostartatalltimes.
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7.6.2 Watersupplyequipmentshallbe withdrawnfrom operation whenthefollowingfaults
emerge:

a) Abnormalpressureoccursattherearofthepressurereducingvalve,orthepressureishigher
thanthedesignvaluewhenthewaterisshutoff.

b) Theautomaticfilterisnotabletocleannormally.

c) Thereisblockageorresistanceintheelectro-magneticorelectricalvalve.

d) Thepressuretransducerisnotworkingnormally.

7.6.3 Thefollowingrequirementsshallbemetfortherepairandmaintenanceofthewatersupply
systemequipment:

a) Whentherearpressureofthepressurereducingvalveisnotstable,itshallbereplacedifitstill
couldnotreachtherequirementsafterrepair.

b) Ifthefilterisseriouslyblocked,itshallbedismantledandthefiltercoreshallberepairedorre-
placed.

c) Theelectro-magneticvalveshallbereplacedincaseofblockageorbereplacedbyanelectrical
valve.

d) Thepressuretransducershallbereplacedincaseofinabilitytotransmitdata.

e) Thelubricatingoilofthewatersupplypumpandelectricmotorshouldbereplacedonceevery
year.

f) Ifthewatersupplypumpisseriouslycorrodedandfaultsoccurfrequently,itshallbereplaced.

g) Ifthewatersupplypipeisseriouslycorroded,itshallbereplaced.

h) Thecolourofthepipesshallbeuniformanddistinct.

7.6.4 Thefollowingrequirementsshallbemetforthenormaloperationofthedrainagesystem
equipment:

a) Thereshouldbenoleakageinthedrainagesystempipework.

b) Thewaterpumpshallstartandoperatenormallywithnoabnormalsounds.

c) Thelevelsensorandannunciatorofthewetsumpshalloperatenormally.
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d) Thenon-returnflowvalveofthedrainagepipeworkshallbenormal.

7.6.5 Thewaterdrainagepumpshallbereplacedincaseofthefollowingfaults.

a) Seriousfaultinthewaterdrainagepump.

b) Faultinthelevelsensorandannunciatorofthewetsump.

c) Faultinthewaterflowmeterandtheannunciator.

7.6.6 Thefollowingrequirementsshallbemetfortherepairandmaintenanceofthewaterdrainage
systemequipment:

a) Lubricatingoilforthewaterdrainagepumpandthebearingoftheelectricmotorshallbere-
placedonceeveryyearorasperthemanufacturer’srecommendations.

b) Thewaterdrainagepumpshallberepairedorreplacedincaseofabnormaloperation.

c) Thewaterlevelsensorandtheannunciatorshallbereplacedorrepairedifanabnormalindication
emerges.

d) Thewaterdrainageexposedpipesshallbereplacedincaseofseriouscorrosion.

e) Thecolourofthepipesshallbeuniformanddistinct.

7.6.7 Thefollowingrequirementsshallbemetforthenormaloperationoftheoilsystemequip-
ment:

a) Theoilsystemequipmentandpipesshallbeinstalledasperthedesignrequirements.

b) Thestoragevolumeoftheoilshouldbe110%ofthemaximumoilutilizationinthesystem.

c) Asuitableoilfiltrationmachineshallbearrangedandkeptatanappropriateplaceinthepower
station.

d) Thefireprotectiondevicesshallmeetthedesignrequirements.

7.6.8 Theoilsystemequipmentshallbewithdrawnfromoperationunderthefollowingfaults:

a) Oilsystempipesgetscorrodedorblockedup.

b) Fireprotectiondevicesdonotmeettherequirements.
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7.6.9 Thefollowingrequirementsshallbemetfortherepairandmaintenanceoftheoilsystem
equipment:

a) Oilsystempipesshallbereplacedincaseofcorrosionorblockage.

b) Whenthestoragevolumeoftheoilislessthan110%ofthemaximumoilutilizationequipment
intheoilsystem,sufficientstand-byoilvolumeshallbeadded.

c) Regularexaminationandmaintenanceofthefireprotectiondevicesshallbecarriedout.

d) Pipecolourshallbeuniformanddistinct.

7.6.10 Thefollowingrequirementsshallbemetforthenormaloperationoftheairsystemequip-
ment:

a) Compressedairsystemsshouldhavemainandstand-bycompressorswiththerequiredpressure
withanautomaticswitchoversystemandthesystemshouldalwaysremaininnormalworking
condition.

b) Sufficientsparepartsshouldbeavailable.

c) Thecompressedairtanks(includingthesafetyvalveanddirtandthecondensatedrainingvalve)

shallbeexaminedandshallbeinnormalandsafeworkingmode.

7.6.11 Theairsystemequipmentshallbewithdrawnfromoperationwhenthefollowingfaultse-
merge:

a) Abnormalpressureoutputfromtheaircompressor.

b) Airleakageinthecompressedairtank.Blockageatthedirtandcondensatedrainageopeningand
afaultinthesafetyvalve.

c) Oil-waterseparatorisunabletoworknormally.

7.6.12 Thefollowingcontentsshallbeincludedfortherepairandmaintenanceoftheairsystem
equipment:

a) Aircompressor:Recordthenumberofstart-uptimesoftheaircompressor.Whenthepressure
outputfromtheaircompressorisabnormal,thestand-byaircompressormaybestartedforuse
andthefaultyequipmentrepaired.

b) Compressedairtank:Frequentlyinspectwhetherthecompressedairtankhasairleakageornot.
Openthedirtdrainingexittoregularlydrainthedirt.Thesafetyvalveoftheaircompressorand
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thecompressedairtankshallbecheckedfornormalworkingonceeveryyear.

c) Thecolourofthepipesshallbeuniformanddistinct.

7.7 Transformer

7.7.1 Thefollowingrequirementsshallbemetforthenormaloperationofthetransformer:

a) Afterrepairofthetransformerandalong(overhalfamonth)shutdowntime,theinsulationre-
sistancebetweeneachwindingandbetweenthewindingandtheoutercaseshallbemeasured

priortobeingputintooperation.TheTanδandtheabsorptionratio(R60/R15)ofthetransformer
shallbemeasured,iftheinsulationresistancedropsto50%oftheoriginalvalue,anoilsample
shallbetakenfortesting.

b) Thecurrentandvoltageofthetransformershallbekeptwithintheratedrange.

c) Thetemperatureriseofthetransformerandtheoiltemperatureshallbenormal.

d) Theoff-loadtappingswitchofthetransformershallnotberegulatedunderload.Beforeshifting
ofthetapping,thepowersourceatthehighandlowvoltagesidesofthetransformershallbe
disconnected.Thevoltagefluctuationrangeshallbekeptwithin±5%ofthetappingratedvolt-
age.

e) Undertemperatureriseconditions,thetransformermaybeoperatedwithintheallowablerange,

theallowablevalueisdeterminedbythecoolingcriteriaandtemperatureconditionsofthetrans-
former.

f) Ensurenormalworkingcondition,thewindingandoiltemperatureshallberecordedonceevery
shift.

7.7.2 Thefollowingchecksshallbedonedailyasroutineinspectionofthetransformer:

a) Inspectwhethertheoiltemperatureisnormal,thereisnooilseepageandleakageandanormal
oillevelintheconservatortank.

b) Inspectwhethertheoillevelinthebushingisnormal,thereisnodamageandcracksontheout-
sidepartofthebushing,noseriousgreasydirtandnotraceofelectricaldischargeandotherun-
usualbehaviour.

c) Inspectwhetherthesoundofthetransformerisnormal.

d) Checkwhetherthecoolingsystemisnormal.
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e) Checkthatthesilicabreatherisingoodconditionandthecolourofthesilicagelisnormal.

f) Checkthatthecablejoints,cablesandbushavenooverheatingindication.

g) PressureventandtheBulchozrelaysafetygaschannelareingoodcondition.

h) Thetappositionofthetappingswitchandtheindicationofthepowersourceisnormal.

i) NogasshallbepresentintheBulchozrelay.

j) Allthecontrolcabinetsandsecondaryterminalboxesaretobetightlyclosedandthereisno
dampnessthere.

k) Theoutersurfaceofdrytypetransformersshallhavenodirtaccumulation.

l) Thereshallbenowaterleakageinthetransformerroom,andthedoors,windowsandlighting
shallbeingoodcondition,withgoodairventilationandnormaltemperatures.

m) Theoutercasingofthetransformerandallthepartsshallbekeptclean.

n) Thetransformerfanandheatradiationshallbeingoodcondition.

o) Thereshallbepropergroundingoftheoutercasingofthetransformer.

7.7.3 Thefollowingrequirementsshallbemetforabnormaloperationandfaulttreatmentofthe
transformer:

a) Whenabnormalphenomenasuchasoilleakage,oillevelinsufficiencyintheoilconservator,ex-
cessiveriseofoiltemperatureorabnormalsoundemergeinthetransformer,timelyactionshall
betakenandrecordedintheshiftlogbookanddefectregisterandreportedinatimelymanner.

b) Shutdownshouldimmediatelytakeplacewhenoneofthefollowingconditionsemergesinthe
transformer:

1) Abnormalnoisefromtheinteriorofthetransformer,withunevenandexplosivesounds;

2) Abnormaltransformeroil/windingtemperatureandthereisarisingtrendevenafterloadre-
duction.

3) Seriousoilleakage;

4) Oilspurtsfromtheoilconservatorortheexplosionproofpipe;
14
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5) Breakageorseriouselectricaldischargefromthebushing;

6) Smokerisesupfromthetransformeranditcatchesfire.

c) Whenthetransformeroiltemperatureexceedstheallowablevalue,thecausesshallbe
identifiedandmeasurestakentoreduceit.Whenaninternalfaultisidentifiedinthetransform-
er,theloadshallbeimmediatelyreduceduntiloperationisstopped.

d) Whenobviousreductionoftheoillevelinthetransformerisdiscovered,itscausesshallbeim-
mediatelyidentifiedandasufficientamountofoilshallbeaddedtomakeupthedeficiency.

e) Whenthetransformerautomaticallyswitchesoffduetooverloadandexternalshortcircuitor
secondarycircuitfaultofaprotectiondevice,operationmayberestartedafterremovalofthe
faultsandinspectionofthetransformer’sexterior.

f) Followingactionistobetakenifthetransformer’sdifferentialprotectionoperates:

1) Inspectindetailwhetherthereareshortcircuitorgroundingconditionsforthemaintrans-
former,circuitbreaker,currenttransformer,busbar,powercableandinsulatorswithinthe
rangeofthedifferentialprotection;

2) Measuretheinsulationresistanceofthetransformerandtheequipmentconnectedtoitwith
amega-ohmmeter,andachargingswitch-ontestmaybecarriedoutforthetransformerto
ensurethehealthconditionofthetransformer.

3) Whenachargingswitch-ontestiscarriedout,ifthecircuitbreakerswitchesoffagain,the
causesshallbeidentified;

g) FollowingactionshallbetakenifBucholzrelayacts:

1) CheckwhethertheactionoftheBucholzrelaywascausedbytheinletofair,oilleakage,

toolowanoillevelorfaultsinthesecondarycircuit;

2) Ifabnormalphenomenaarenotdiscoveredthroughexternalinspectionandanalysis,thena-
tureofthegasstoredinthegasrelayshallbecheckedfortoidentifythecausesofthe
faults.

h) IftheactionofBucholzrelaywasnotcausedbythefaultyactionoftherelayprotectionorofthe
secondarycircuit,thetransformershallnotbeputintooperationbeforeidentificationofthe
causes.

i) Ifswitch-offofthetransformerwascausedbytheactionofthedifferentialprotectionorcon-
firmed,Bucholzrelayoperationshutdownofthetransformershalltakeplaceandthecoreshall
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beliftedoutfordetailedinspection.

j) Whenatransformercatchesfire,itspowersourceonboththehighandlowvoltagesidesshall
bedisconnected,andtheautomaticwatersprayingfireextinguishingsystemorfireextinguish-
ersshallbeusedtoputoutthefire.

7.7.4 Thefollowingstipulationsshallbeimplementedfortransformeroverhaulandmaintenance.
Thefollowingitemsshallbeincludedforthetransformer’smajoroverhaul:

a) Liftingoutthecoreforoverhaul.

b) Overhaulofthewinding,leadingwireandmagneticshieldingdevice.

c) Overhaulofthetappingswitch.

d) Overhauloftheironcore,corethrustbolts,yokebeam,stampnailandgroundingslice.

e) Overhauloftheoiltank,bushing,heatradiator,safetyairchannelandoilstoragetank.

f) Inspectionandtestingoftheprotectiondevices,measuringdevicesandoperationcontrolcabi-
net.

g) Transformeroilcentrifuging,dryoutandbreakdownvoltagetestingshallbedone.

h) Overhauloftheprotectiondevicesforthetransformeroil.

i) Replacementofthesealliner.

j) Cleaningoftheinterioroftheoiltank,andrustremovalandpaintingoftheoutercasingofthe
oiltank.

k) Dryoftransformerinsulation,ifnecessary.

l) Carryingoutalltheprescribedmeasurementsandtests.

7.7.5 Preventivetestsshallbecarriedoutforthetransformeraccordingtotherequirements.

7.8 Switchgearinstallation

7.8.1 Thefollowingrequirementsshallbemetfornormaloperationoftheswitchgearinstallation:

a) Externalappearanceoftheswitchgearinstallationshallbecompleteandingoodcondition.Per-
formanceoftheoperatingmechanismshallbeabletomeettherelevantrequirements,without
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blockageandresistance.

b) Thephasesequenceoftheswitchgearinstallationforthesameelectricalcircuitshallbeidentical
andshallhaveobviouscolourdistinction.Theoutercasingoftheswitchgearinstallationshallbe
reliablygrounded.

c) Thedisconnectingswitch,circuitbreaker,busbarandotherequipmentofthesysteminopera-
tionshallbeinspectedtwiceeveryshift.Forequipmentunderhightemperatureandhighload
andwithexistingdefects,thecyclicalinspectionshallbestrengthened.Immediateshutofffor
inspectionshallbecarriedout,ifitisfoundthatthesafetyofpeopleandequipmentisindan-
ger.

7.8.2 Thefollowingcontentsshallbeincludedforoperationalmaintenanceofthevacuumcircuit
breaker:

a) Thenormalitemsofeachinspectiontourofthevacuumcircuitbreaker:

1) Indicationoftheoffandonindicatorsshallbecorrectandshallconformwiththeactualop-
eratingconditionatthetime;

2) Supportinginsulatorsshallhavenocracksanddamage,andhaveabrightandcleansurface.

3) Noabnormalityinthevacuumarcextinguishingchamber,andthecolouroftheobservable
shieldingcovershallbecheckedforevidentvariation;

4) Noseriouscorrosionanddeformationinthemetallicframeorthebasestand;

5) Connectingboltsoftheobservablepartsshallnotbelooseandtheshaftpinsarenotdrop-
pingoffordeformed;

6) Groundingingoodcondition;

7) Noexcessiveheatphenomenoninthecontactpartsofthecableconnectionsorthetemper-
atureindicatingparts,andthepre-sagofthejumpersconductorshallbemoderate;

b) Maintenanceitemsforthevacuumcircuitbreaker:

1) Incombinationwiththepreventivetest,cleanupthestoredashanddirtmaterialsonthe
surfaceoftheelementssuchasthevacuumarcextinguisher,insulatingrodandsupporting
insulators;

2) Incombinationwiththepreventivetestorthescheduledmaintenanceandrepairofthe
mechanism whichshallbecarried outafteronand offswitching operation occurs
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2000times,allthe fasteners shallbeinspected to see whetherthese areloose.
Componentsthathavefairlyseriouswearandtearshallbereplacedinatimelymanner,and
movingpartsshallbewellgreased/lubricatedinatimelymanner;

3) Forvacuumarcextinguishingchamberswithglassoutercasing,thecolourofthemetallic
shieldingcovershouldbeobservedtoseewhetherthereisevidentchange,andthedegree
ofvacuumshallbeinspected,ifthereisanydoubtaboutit;

4) Thevariationofthecontactstrokeofthecontactorinthevacuum arcextinguishing
chambershallbeinspected.Thisdirectlyreflectstheamountofcontactwear.Thevacuum
arcextinguishingchambershallbereplacedwhenthecontactwearexceedsthetechnical
specificationfortheproduct;

5) Inspecttheservicelifeofthevacuumextinguishingchamber;itshallbereplacedinatimely
manner,ifitslifeexpectancyhasalreadypassed.

7.8.3 ThefollowingchecksshallberequiredforoperationandmaintenanceofSF6circuitbreakers:

a) NormalchecksoftheSF6circuitbreakersareasfollows:

1) Supportinginsulatorsshallhavenocracksanddamage,andhaveabrightandcleansurface;

2) Thepressuremeterindication(ordensitycontrollerwithindication)shallbeobservedand
comparedwiththetemperature-pressurecurve,andshallbewithinthespecifiedrange.
Pressureandtemperaturevaluesshallberegularlyrecorded;

3) Theon/offpositionindicatorshallgivecorrectindicationsandtheon/offpositionshallbe
precise;

4) Integratedfastenersshallnotbelooseanddroppingoff;

5) Theinterioroftheenergy-storage motorsandcircuitbreakersshallhavenoabnormal
sound;

6) On/offswitchwindingsshallhavenosmokeorburntsmellphenomena;

7) Thegroundingoftheoutercasingandtheframeshallbeingoodcondition;

8) Theoutercasingandtheoperatingmechanismchambershallbeintact,andwithoutcorro-
sion;

9) Allcomponentsshallhavenodamage,deformationandrustphenomena.
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b) MaintenancepointsforSF6circuitbreakers:

1) Anti-corrosivetreatmentandsupplementarypaintingshallbecarriedoutforrustyandcor-
rodedpartsoftheoutercasingofthecircuitbreakerseveryyear;

2) Rotatinganddrivepartsofcircuitbreakersshallbelubricatedonceeveryhalfyearandafter
3timesofnormaloperationoccurrences;

3) Qualitativeleakageinspectionforallthesealingsurfacesofthecircuitbreakersshalltake
placeonceeverytwoyears,andtheannualleakagerateshallnotexceed1%;

4) TestingofthemicromoisturecontentoftheSF6gasistotakeplaceonceeveryyear,and
thetestresultshallnotexceed300ppm (20℃)comparedwiththemoisture-temperature
curve.

7.8.4 Thefollowingchecksshallbeincludedfortheoperationandmaintenanceofthedisconnecting
switch:

a) Normalchecksduringoperationandmaintenance:

1) Checkcontactpartsofthedisconnectingswitch.Theseshouldnotbeoverheated;

2) Checktheinsulatorsfordamage,cracksandtracesofelectricaldischarge.

3) Inspectwhetherthelockingdeviceofthedisconnectingswitchknifebladeisingoodcondi-
tion.

4) Checkthatallthefastenersaretightandintact.

5) Checkthatallthejumperconductorconnectionsaretightandnotloose.

b) Maintenanceitemsofthedisconnectingswitch:

1) Cleandustonthesurfaceofporcelainelements,checkwhetherthesurfaceoftheporcelain
elementshastheglazedroppingoff,damage,anycracksandtracesofsparks,andwhether
theinsulatorbindingpartsoftheironandporcelainarefirm.Replacementshallbecarried
outincaseofseriousdamage;

2) Inspectwhethertheknifebladesurfaceiscleanandhasanymechanicaldamage,tracesof
oxidationoroverheatinganddeformation;

3) Inspectwhetherthecontactpointsoraccessoriesoftheknifebladesarecompleteandhave
anydamage;
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4) Inspectwhethertheleadingwireconnectingthedisconnectingswitchtothebusbarandthe
circuitbreakerisfirmandhasanyoverheating;

5) Inspectwhetherthesoftconnectingcomponentshaveanyphenomenaoftwistdamageand
strandbreaking;

6) Inspectandcleantheoperatingmechanismanddriveparts,andlubricatethese.

7) Inspectwhetherthedistancebetweenthedrivepartsandtheelectrifiedpartsisnormal,

whetherthepositionerandthebrakedevicearefirmandtheoperatingmovementcorrect;

8) Inspectwhetherthepedestalofthedisconnectingswitchisingoodconditionandgrounding
reliable.

7.8.5 Theoperationandmaintenanceofthealternatingcurrentmetallicclosedswitchboardsshall
becarriedaccordingtotheproducttechnicalrequirements.

7.8.6 Thefollowingchecksshallbecarriedoutforinspectionoftheouterpartsofotherprimary
circuitequipment:

a) Thesupportingporcelainofthebusbarshallbecompleteandallthejointpartsshallbefirmand
reliable.

b) Thecurrentandpotentialtransformersshallbeingoodoperatingcondition.

c) Ensurethatthereisnodirtandwaterinthecableducts.

d) Appearanceofallthecableheadsandcablesshallbeintact,withoutoverheating.

e) Fusesshallbecompleteandthecontactsingoodcondition.

f) Measuresforpreventingtheentryofsmallinsects,lizardsandratsshallbeprovided.

7.8.7 Switchgearinstallationshavingoneofthefollowingconditionsshallbeshutoffforremedial
measures:

a) Outercasingandinsulationpipesbroken.

b) Wireconnectionheadandcableheadareoverheated,andseriouslydiscolouredtothepointof
meltdown.

c) Havingthepossibilityofoilandgasleaks.
74

SHP/TG005-2:2019



d) Fireintheinternalpartsortheemissionofanoffensiveodourandsmoke.

e) Sparkingandelectricaldischargebetweenthewindingandtheoutercasingortheleadingwire.

7.8.8 Regularpreventivetestsfortheswitchgearinstallationandequipmentrefurbishmentshallbe
carriedout.

7.9 Relayprotectionandmonitoringsystem

7.9.1 Thefollowingrequirementsshallbemetfortheoperationmanagementoftherelayprotec-
tion:

a) Nobodyshallchangethepre-setvaluesandconnectionsoftherelayprotection.

b) Afteroverhaulandexaminationoftherelayprotection,inspectionandacceptanceshallbedone
jointlywiththeauthorizedengineerforthepresentshift.Recordsofoverhaulandexamination
andthesettingsofrelaysareproperlydoneaspertherelevantstandard.

c) Goodrecordsshallbemadewhenevertherelayprotectiongoesintoaction.Iftheprotection
actsinerror,theoriginalconditionsshallbemaintainedasfaraspossibleortheprocessofthe
wrongactionshallberecordedindetail.Thecausesshallbeidentifiedanddealtwithinatimely
manner.

d) Thecrosssectionofthesecondarycircuitcableandtheearthedinsulationresistanceshallsatisfy
thedesignrequirements.

e) Relayprotectionunderoperationshallbeinspectedeveryshift,andshallincludethefollowing
contents:

1) Overheating,noise,locationofthepressplate,secondaryfusesandcorrosionofthesec-
ondarycircuitsofthemodules;

2) Conditionsofdamage,twisting,changeofcolour,looseningandstrandbreaking;

3) Inspecttheconditionsofthebuzzers,alarms,annunciations,statusdisplayandindicating
lamps.

7.9.2 Thefollowingrequirementsshallbemetfortheutilizationmanagementofthemonitoring
system:

a) Thecentralcontrolroomandcontroldeskshallbekeptcleanandtidy.

b) Operationbynon-authorisedstaffshallnotbeallowed.
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c) Attendantsshallnotchangeanyequipment’ssetvaluesandlimitvalues,interlocksatwill,and
shallnotamendtherelevantproceduresandrecordsatwill.

d) Duringoperationmonitoringshallensurewhetherthecommunicationissmoothandthetrans-
mitteddataiscorrect.

e) Regularmaintenanceofthecomputer,on-linecommunicationandback-updatastorageofthe
powerstationshallbecarriedout.

7.9.3 Regularinspectionandnormalfunctioningoftherelayprotectionandthemonitoringsystem
shallbemeticulouslycarriedout.

7.10 Directcurrent(DC)system

7.10.1 Thefollowingrequirementsshallbemetfortheoperationandmaintenanceofthecharging
devices:

a) Regularinspectionofthechargingdevicesshalltakeplacetoseewhethervariousmeterindica-
tionsofACinputvoltage,DCoutputvoltage,andDCoutputcurrentarecorrect,theoperating
noiseisabnormal,alltheprotectionsignalsarenormal,andwhethertheinsulationconditionis
good.

b) WhentheACpowersourceshutsoff,thebatterywillprovideelectricitytotheDCbuswithout
interruptionandshallregulatethecontrolbusvoltageinatimelymannertoensureastable
value.Ifthesupplycapacityofthebatteryreducesto20% ofitsratedcapacityandabove,

then,aftertheACpowersourceisrestored,thebatterychargingdeviceshallbemanuallyor
automaticallystartedimmediatelytochargethebatteryaccordingtothenormalchargingmethod
stipulatedbythemanufacturer.Alternatively,batterychargingcouldbecarriedoutaccordingto
theconstantcurrentlimitedvoltageortheconstantvoltageorthefloatingchargingmethods.

c) Batteriesofdifferentage,degreesofnewnessanddifferentcapacityshouldnotbemixedto-
getherinuse.Theoutercasingofthebatteryshallnotbecleanedwithorganicsolvent;over-
chargingandover-dischargingofthebatteryarestrictlyprohibited;thebatteryshallbecharged
upinatimelymannerafterdischarging,anditshallnotbeleftunchargedformorethan2hours;

duringbatterymaintenance,theoperator’sfaceshouldnotdirectlyfacethetoppartofthebat-
teryandheshallkeepacertaindistanceawayatacertainangle.

7.10.2 Foron-linemonitoringdevicesoftheinsulationunderoperation,theindicatedvaluesofthe
deviceshallbecheckedtoensurewhethertheyconformtotheactualmeasuredvalues.

7.10.3 Thefollowingchecksshallbecarriedoutregularlyforthebatteryoperationandmainte-
nance:

94

SHP/TG005-2:2019



a) Whethertheconnectingplatesofthebatteryhaveanyphenomenaoflooseningandcorrosion,

thecasingbodyhasanyleakageanddeformation,andwhethertheyarecleanornot.

b) Whetherthereisanyacidvapourspillingoutaroundtheelectrodesandsafetyvalves.

c) Whethertheinsulationresistancehasdecreased.

d) Whethertheboltsoftheprimaryconnectionlineareloosenedorcorrodedandpolluted;ifloos-
ened,theyshallbescrewedtightlytothespecifiedtorque,andifcorroded,theyshallbere-
placedinatimelymanner.

e) BatterycapacityshouldbecheckedregularlytoensurereliableDCpowersupply.

f) Forthebatteryroom,theventilation,lighting,temperatureregulationequipmentandfirepro-
tectiondevicesshallbeinspectedregularly.

7.10.4 Thefollowingrequirementshallbemetfortheoperationandmaintenanceofthemicropro-
cessormonitoringdevicesfordirectcurrentpowersources:

a) ForthemicroprocessormonitoringdeviceforDCpowersourcesunderoperation,inspectionof
therelevantfunctionsandparametersshalltakeplacethroughtheoperationoftheswitchoverof
thepushbuttons,andthesettingofthevalueofitsvariousparametersshallbesubjecttoauth-
orisationlimitsandsupervisionmeasures.

b) Whenamicroprocessormonitoringdevicehasafault,back-upchargingdevicesshallfirstbeput
in,ifavailableandthefaultydevicetakenoutofoperation.Ifaback-upchargingdeviceisnot
available,manualoperationshallbestartedandregulatedtotherequiredoperatingmodeandthe
monitoringdeviceshallbetakenoutformaintenanceandputintooperationagainafterinspec-
tionandrepair.

7.11 Lightningprotectionandgrounding

7.11.1 Thepowerstationshallhavereliablelightningprotectiondevices.Theprotectionscopeof
thelightningrodandlightninglineshallbeabletocovertheareatobeprotectedandbereliably
grounded.

7.11.2 Thesurfaceofthelightningarrestershallbeneat,actingreliablyandcountingcorrectly.

7.11.3 Theconnectionbetweenthelightningprotectiondeviceandthegroundingbodyshallbein-
tact.

7.11.4 Thegroundingresistanceofthegroundingdeviceshallmeetthedesignrequirementsfor
powerstations.
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7.11.5 Thegroundingresistanceofthepowerstationshallberegularlymeasured;ifunabletomeet
thisrequirement,reductionofthegroundingresistancemaytakeplacethroughothermethodssuch
asoffsettinganartificialgroundingbodyunderwater,aleadingexternalline,anddeepwellground-
ing.

7.11.6 Inareaswithahighsoilresistancerate,whentherequiredgroundingresistancevalueofthe
groundingdeviceisunreasonable,thegroundingresistanceshallbedeterminedbythedesigncalcula-
tion.Thegroundingresistancevalueshallbeimplementedtoastandardwhichmaybesatisfiedby
thedesigncalculationundertheconditionofensuringthesafetyofpersonsandequipment.

7.11.7 Preventivetestsofthelightningprotectiondeviceofthepowerstationshallbecarriedout
regularlyonayearlybasis.

7.12 Communication

7.12.1 Maintenanceandinspectionoftheequipmentshallregularlytakeplace,andproblemsthataf-
fectthequalityofcommunicationshallberesolvedinatimelymanner,ensuringthatthetechnical
performanceoftheequipmentmeetstherequirements,keepingthecommunicationamongpower
stationsandhigherleveldepartmentsoffloodprotection,dispatchingandtheautomateddispatching
systemrunningsmoothly.

7.12.2 Greatimportanceshallbepaidtothelightningprotectionforthecommunicationsystem.

7.12.3 Startupandstoppingoftheoperationandoverhaulofthecommunicationsystemshallbe
arrangedinaunifiedmannerafterapprovalfromtheauthorizedengineer/manager.

8 Optimizedoperation

8.1 Basicrequirements

8.1.1 Powerstationsshalldrawuptheoptimizedoperationplanforthepowergenerationasperthe
gridregulationandtheavailabilityofwater,makingthemostofthebenefitsofcomprehensiveutili-
zation.Thepowerstationshallsubmittheirproposalforyearly,monthlyanddailypowergeneration
plansinatimelymannertothepowerdispatchorganizationasperthedispatchingagreementunder
theinterconnectedgridandshallautomaticallytransmitrelevantrealtimeoperationdatafromthe
turbinegeneratorunits,powerstationandreservoirtothepowerdispatchorganizationandensure
theaccuracyandprompttimingoftheinformation;submitthedesigndataforthepowerstation,

thestatisticaldatafromoperationandthesummaryreportsofoperationtothepowerdispatchor-
ganization.

8.1.2 Forimplementationofthepowerstation’soptimizedoperation,thepowerstationshallcon-
sistentlyappriseits managementandensurethesafeandreliableoperation ofthehydraulic
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structuresandtheelectromechanicalequipment.Thefollowingessentialrequirementsshallbemet:

a) Strengthentheoperation managementand maintenanceandrepairofthepowerstations
facilitiesandequipmentanddevices,andimprovetherateatwhichtheequipmentisingood
condition.

b) Forpowerstationsonsiltyrivers,measuressuchassandrelease,siltpreventionand
corrosionpreventionshallbeadoptedtomaintainthecapabilityofregulationandstorageandto
reduceequipmenterosion/corrosion.

c) Strengthenthemanagementofthepowergenerationwaterconductorsystem,thetailwater
systemandtheirauxiliaryequipmenttoreduceseepageandwaterheadloss.

8.1.3 Optimizedoperationofthepowerstationshallmeetthefollowingrequirements,andshallnot
bechangedatwill.

a) Optimizedoperationofthepowerstationshallbeimplementedaccordingtothedesignrequire-
ments,theoptimizedoperationplanorthestipulationsofotherspecialdocuments.

b) Optimizedoperationofthepowerstationshallbecarriedoutinaccordancewithengineeringde-
signdatasuchasthereservoir’scharacteristicwaterlevel,etc..

8.1.4 Thewaterutilizationandgenerationshallmeetthefollowingrequirements:

a) Powerstationsshalldotheirbestatforecastingthewaterregime,andreasonablydispatchop-
erationundertheprerequisiteofsatisfyingthefloodprotectionrequirementssoastoachieve
lesswaterwastageandmoreelectricitygeneration.

b) Powerstationsshallbeabletomasteratanytimetheconditionsliketheforecastingofthein-
flow water,waterstorage and waterconsumptionforelectricity generation,so asto
strengthentheplannedwaterutilization.

8.1.5 Powerstationsshouldenabletheturbinegeneratorunitstooperateinthehighefficiencyre-

gion.

8.1.6 Powerstationsshallreviewandreviseinatimelymannertherelevantdatafortheproject’s
characteristics,dynamicperformanceoftheturbinegeneratorunits,thedynamicperformanceofthe

powerstation,andconsistentlyraisetheoptimizedoperationlevel.

8.1.7 Powerstationsshallestablishtechnicalarchivesofoperations,regularlytraintheoperation
andmaintenancestaff,andgraduallyrealizethemodernizationofthepowerstation.
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8.2 In-plantoptimizedoperation

8.2.1 Powerstationsshalldrawuptheoperationstrategyforin-plantoptimizedoperationaccording
totheavailabilityofwater,thewaterheadstablegridandthedynamicperformanceof theturbine
generatorunits.

8.2.2 Optimalgenerationoftheactiveandreactivepoweroftheturbinegeneratorunitshallbereal-
izedinin-plantoperation.Foroptimalloadsharingofin-plantoptimizedoperationamongtheturbine
generatorunits,themicroincrementalratemethodorthedynamicplanningmethodmaybeadopted
incombinationwiththeturbinegeneratorunitcharacteristics.

8.2.3 Computerizedrealtimemonitoringshouldbeadoptedforin-plantoptimizedoperation;for
powerstationswithnolargeloadvariation,itmayalsoberealizedaccordingtotheoperationstrate-
gyforin-plantoptimizedoperation.

8.3 Optimizedoperationofcascadepowerstations

8.3.1 Optimizedoperationofthecascadepowerstationsshallseekthemaximumbenefitoftotal
electricitygenerationoftheentirecascade.

8.3.2 Forcascadepowerstationsimplementingoptimizedoperation,theturbinegeneratorunit
performancecharacteristicandotherrelevantdesignaspectsshallbeimplemented;acomputerized
real-timemonitoringsystemorin-plantoptimizedoperationstrategyshallbestrictlyfollowed.

8.3.3 Cascadepowerstationsshalltransmitreal-timeoperationdatatothepowerdispatchingor-
ganization,whichshallmeettherelevantstipulations.Theelectricpowerdispatchingorganization
shallissuetimelyordersoftheoperationplantovariouspowerstations.Forsomecascadepower
stations,onekeypowerstationmaybeselectedtoestablishacentralcontrolcentre,ifthecondi-
tionsaresuitable.
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AppendixA
(Informative)

Gradingoftheequipmentandfacilitiesforthehydropowerstation

A.1 Scopeandunitdivisionforgrading

A.1.1 Alltheequipmentandfacilitiesrelatedtoelectricitygenerationinthehydropowerstationare
subjecttograding.

A.1.2 Theunitdivisionshallcomplywiththefollowingprovisions:

a) Eachturbine,generator(includingtheexciter),governor(includingthepermanentmagnetic
generatorPMG)andvalveisregardedasoneunit;

b) Eachoftheoil,waterandairsystemsisregardedasoneunit;

c) Eachtransformer,electricreactorandpowercapacitorisregardedasoneunit;

d) Eachindoorpanelorcabinetisregardedasoneunit(mainconsoleisregardedasoneunit);

e) Eachgroupofcircuitbreakersanddisconnectingswitchesisregardedasoneunit;

f) Eachgroupofvoltagetransformers,currenttransformers,differenttransducers,sensorsand
highvoltagefusesisregardedasoneunit;

g) Onebusbarandoneframeworkareregardedasoneunit;

h) Eachgroupoflightningarrestersisregardedasoneunit;

i) Onelightningrodandonegroundingdeviceareregardedasoneunit;

j) Eachpowercable,controlcable,communicationsystem,storagebatteryandrectifyingdevice
isregardedasoneunit;

k) Eachdam,powerhouse,waterconveyingtunnel,penstock,surgeshaft,floodandsediment
dischargestructure,diversioncanal,tailrace,gate,trashrackandcleaningequipmentandhoist
isregardedasoneunit;

l) Eachofthe otherbuildings (structures),cable ducts,lifting devices,illumination and
ventilationisregardedasoneunit;
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Theequipmentandfacilitiesnotincludedhereinaboveshallbedeterminedbythecontractoraccord-
ingtotheactualsituation.

A.2 Gradingmethod

A.2.1 Thegradingoftheequipmentandfacilitiesisanimportantworkforthehydropowerstation,

andshallbecarriedouteveryyear.

A.2.2 Thegradingoftheequipmentandfacilitiesofoneunitshallbedeterminedaccordingtothe
comprehensivetechnicalstatusoftheindividualequipmentandthefacilityintheunit.Iftheequip-
mentandthefacilityinoneunitsimultaneouslybelongtoGradeI,GradeIIandGradeIII,theywillbe
classifiedintoGradeIII;iftheequipmentandthefacilityinoneunitsimultaneouslybelongtoGradeI
andGradeII,theywillbeclassifiedintoGradeII;theequipmentandfacilityinGradeIandGradeII
areregardedasintactequipmentandfacility.

A.2.3 Theperfectnessratiooftheequipmentandfacilityshallbecalculatedaspertheformula(A.1):

P=
A+B

A+B+C×100% …………………………(A.1)

where

P istheperfectnessratiooftheequipmentandfacility;

A isthenumberofunitscontainingGradeIequipmentandfacility;

B isthenumberofunitscontainingGradeIIequipmentandfacility;

C isthenumberofunitscontainingGradeIIIequipmentandfacility.

A.3 Principleforequipmentandfacilitiesgrading

A.3.1 GradeI:Theequipmentandfacilityhaveagoodtechnicalstatus,andaredefect-free;thein-
stallation,construction,overhaulandmaintenancequalityandprocesslevelmeettheprovisionsof
thespecifications,andcouldensurethemtooperatesafely,economicallyandreliably.

A.3.2 GradeII:Theequipmentandfacilityhaveafavourabletechnicalstatus;althoughtheyhave
minordefects,butthedefectswillnotdirectlyinfluencesafeoperation.

A.3.3 GradeIII:Theequipmentandfacilityhavemajordefects;theinstallation,construction,ma-
intenanceandoverhaulqualitydoesnotmeettheprovisionsofthespecifications,andsafeoperation
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isseriouslythreatened.

A.4 Standardsforelectricalandmechanicalequipmentandfacilitiesforgrading

A.4.1 Thegradingoftheturbineshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thecomponentiscapableofcontinuouslyreachingthenominaloutputmentionedonthe
nameplateortheoutputapprovedbythehigherauthorities.Thecomponentisabletooperate
normallyundervariousworkingconditionsandloadconditions;

2) Thevibrationandrunoutoftheturbinemeetthestandard;thestabilityisgoodandtheunitis
freefromanyrustorcorrosion.Thebearingtemperatureandoilqualityonvariouscompo-
nentsmeetthestandardspecifiedintheoperatingspecification;

3) Whenoperatingwithintheparameterscopespecifiedbythemanufacturer,theunitisfree
fromseriouscavitation,abrasionorefficiencyreduction;

4) Vacuumgauge,pressuregaugeandtemperaturegaugeinstalledaccordingtotheprovisions,

thepartsareintact,theactionsareflexibleandtheindicationsarecorrect;

5) Runner,spiralcase,sealingring,mainshaft,endcapandbearingmeetthedesignedandin-
stallationprocessrequirements,andarefreefromanyoilorwaterleakage.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyfallintoanyofthefollowingcases:

1) Theturbinecouldnotensuretheoutputindicatedonthenameplatewhenthewaterhead
andtheflowreachthedesignedvalues;

2) Variouscomponentsofthemainbodyleakwater,oilorair,thecorrosionandabrasion/e-
rosionareserious,theguidevanecouldnotbetightlyclosedandtheturbinerotatesatlow
speedwhenthevaneisfullyclosed;

3) Thecavitationisserious,andthevibrationandrunoutoftheturbineexceedtheallowable
values;

4) Thebearingtemperatureexceedsthespecifiedvalue.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.2 Thegradingofthegovernor(includingPMG)shallcomplywiththefollowingprovisions:
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a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Theparametersofthegovernor(includingPMG)meetthedesignrequirements,andthe
workingconditionscouldsatisfytherequirementsoftheoperatingspecifications;

2) Thegovernorcouldrapidlycontroltheturbineandresumenormalspeedwhentheturbine
speedincreasesduetosuddenloadrejection;

3) Theautomaticdeviceandthesignaldeviceareintact,andtheactionsareaccurate;

4) Theactionsofthepressureannunciatorunderemergencyshutdownmeetthedesignre-
quirementswhentheoilpressurefallstothelowerlimit;

5) Theautomaticaircompensationequipmentandtheoilcompensationsystemoftheoilpres-
sureunitandtheoillevelsensors,thepressureaccumulatorpressuregaugesshalloperate
accuratelyandreliably;

6) ThePMG,ifprovided,operatesnormallyandprovidesreliableDCoutput.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyfallintoanyofthefollowingcases:

1) Thegoverningsystemhasseriousswing,vibration,jamming,abrasionoroilleakage,and
couldnotnormallybeputintooperation;

2) Theoilisseriouslydegradedandtheequipmentisseriouslyrusted,whichthreatenthesafe
operation;

3) Theover-speedprotectiondeviceisunreliableortheturbineprotectionfails;

4) Oilpressuredevice,oilcompensation,aircompensationsystemsorotherequipmentcould
notworknormally,whichthreatensthesafeoperation;

5) ThePMGisdefectiveandcouldnotprovidereliableDCpower;

6) Thecomponentsareundertheinfluenceofotherelementsthreateningthesafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.3 Thegradingofthemainvalveshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Themainvalvecouldbeclosedtightlyandrotateflexiblyandreliably;
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2) Theprotectivecoatingisintactanddoesnotpeeloff;thecomponentisfreefromcorro-
sion,cavitationandabrasion;

3) Thebypassvalveoperatesnormally;

4) Withregardtothemainvalveoperatedwithoilpressure,theoilpressuredeviceoperates
normally,andisfreefromanyoilleakage;withregardtothemainvalveoperatedelectroni-
cally,theelectricalcircuitshallworknormallyandreliably.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Mainvalveseriouslyleakswater;

2) Mainvalveisjammedwhenbeingopenedandclosed;

3) Thecorrosionandcavitationseriouslythreatensafety;

4) Theoperatingcircuithasmajordefects;

5) Thecomponentsareundertheinfluenceofotherelementsthatthreatensafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelonginGradeIandGradeIII.

A.4.4 Thegradingofthegenerator(includingexciter)shallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thegeneratorcouldreachtheoutputindicatedonthenameplateorapprovedbythehigher
authoritiesforalongtime,andcouldbeputintooperationatanytime;

2) Thevibrationandrunoutofthegeneratorunitcomplywiththestandard,thesoundisnor-
malandthenoiselevelmeetstheprovisionofthespecification;

3) Thepartsareintactandcomplete,thecoilsonthestatorendarefreefromoilstain,carbon
dustordeformation,thecushionblockandthebindingaretight,andthestatorcore,rotor
forging,hoopandbindingwiresareingoodcondition;

4) Theinsulationofthestatorandrotorwindingsisfreefromobviousaging,thetestdata
meetsthespecifiedvalue,thetemperatureofthestatorcoremeetstheprovision,andthe
measurementisaccurate;

5) Thecoolingsystemisperfectandthecoolingeffectisgood.
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6) Theexciterand the accessories areintactand could satisfy the normaloperation
requirementofthegeneratorunit,thecarbonbrushisintact,ingoodcontactandfreefrom
jumpingoroverheating,thecommutatorandthecollectingringarelevelandsmooth,and
freefromcarbondust,andthesparkgrademeetstheprovision;

7) Thebearingandthesealingdeviceoperatenormallyandarefreefromanyoilleakage;the
temperatureisinthespecifiedscope;

8) Thefittingsoftherotormagneticpoles,dampingdeviceandfanleadarefixedandfree
fromcracksanddeformation;theventilatingductsarefreefromrustdepositandblocking.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thegeneratorcouldnotreachtheoutputsindicatedonthenameplateorapprovedbythe
higherauthorities;

2) Theinsulationofthestatorandtherotorwindingsisdefectiveorseriouslyaged,andthe
voltagewithstandsstandarddeclines;

3) TheDCresistancevalueofthethree-phasestatorisseriouslyunbalancedorsignificantly
differentfromthedataprovidedbythemanufacturer,whichthreatenssafeoperation;

4) Theexciterandaccessorieshaveseriousdefectswhichinfluencethegeneratoroutputs;

5) Thebearingsseriouslyleakoilorshedoil;thereisheavygreasydirtontheendofthesta-
tor;

6) Thebrakesystemisdefective;

7) Thegeneratorhasothermajordefectsimpactingsafeoperation.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.5 Thegradingoftheoilsystemshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thepipelinesettingsmeettherequirements,andthepipelinesarefreefromvibrationor
deformation;

2) Thepipelineaccessoriesandgaugesarenormalandreliable;

3) Thepipelinesandvalvesarenotcrackedorcorroded;
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4) Thevalvesandflangesaretightlysealed,rotateflexiblyandreliablyandarefreefromoil
leakage;

5) Oilpressureandoilqualitymeettheoperatingrequirements;

6) Pipelineweldingqualitymeetstherequirement;

7) Pressureoilpumpandoilfiltermeetthedesignrequirementandworkreliably;

8) Oilstoragetankisfreefromcracksorleakage,andthegaugesareaccurate;

9) Theappearanceisclean,andthemarksareintactandcorrect.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thepipelinesettingsdonotmeettherequirements,orthevibrationanddeformationex-
ceedtheprovisionofthespecification;

2) Thesafetyaccessoriesofthepipelineareabnormal,orthegauges/metersareinaccurate;

3) Thevalvesortheflangesseriouslyleak,thevalvescouldnotbeflexiblyrotatedortightly
closed;

4) Thepipelineandthevalvesaredamagedorseriouslycorroded;

5) Theoilpressurecouldnotsatisfytheoperatingrequirement,andtheoilisseriouslydegrad-
ed;

6) Theweldingqualityisbelowthestandardandthreatenssafety;

7) Thereareseriousdefectsthreateningthesafetyofthepressureoilpumpandtheoilfilter;

8) Theoilstoragetankleaksseriously;

9) Thecomponentsareundertheinfluenceofotherelementsthreateningsafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.6 Thegradingofthewatersupplyandthedrainagesystemsshallcomplywiththefollowing
provisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:
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1) Thesettingofthepipelinemeetstherequirements,thepipelineisfreefromvibrationor
deformationandthepipelineandthevalvesarefreefromdamagesorcorrosion;

2) Thepipelineaccessoriesandgauges/metersarenormalandreliable,thevalvesandflanges
aretightlysealed,andthewaterpumprotatesflexibly,operatesreliablyandisfreefrom
waterleakage;

3) Thefilteroperatesnormally,andthewaterqualityandwaterpressuremeettherequire-
ments;

4) Thewatersourceandwatertakingequipmentcouldmeettheoperationrequirementsofthe
unit;

5) Thefirefightingwaterisreliableandmeetsthefirefightingrequirements;

6) Theweldingqualityofthepipelinemeetstherequirement;

7) Theappearanceisclean,andthemarksareintactandcorrect.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thesettingofthepipelinedoesnotmeettherequirement,thevibrationordeformationex-
ceedstheprovisionofthespecification,orthepipelineandthevalvesaredamagedorseri-
ouslycorroded;

2) Thesafetyaccessoriesofthepipelineareabnormal,thegauges/metersareinaccurate,the
valvesandtheflangesarenotwell-sealed,thewaterpumpcouldnotrotateflexiblyandse-
riouslyleakswater;

3) Thefilteringeffectofthefilterispoor,andthewaterqualitycouldnotmeettherequire-
ment;

4) Thewatersourceandthewatertakingequipmentarenotreasonablyconfiguredandcould
notmeettheoperatingrequirementsoftheunit;

5) Theweldingqualityofthepipelinedoesnotmeettherequirementandthreatenssafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.7 Thegradingoftheairsystem(includingaircompressor)shallcomplywiththefollowingpro-
visions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:
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1) Thesettingoftheairsystemmeetstherequirements;

2) Thepipelineandtheaccessoriesarefreefromcracksandcorrosion,thevalvescouldbe
tightlyclosedandrotateflexibly;

3) Theweldingqualityofthepipelinesmeetstherequirement;

4) Theaircompressorcouldoperatecontinuouslyandreachtheoutputindicatedonthename-
plate;atratedoutput,theoperationtemperaturedoesnotexceedtheprovisionsofthe
specification;

5) Thepressuregaugeisintact,accurateandingoodcontact,theprotectionandautomatic
devicespasstheinspections,andtheactionsarereliable;

6) Theaccessoriesareintactandingoodcondition,thereducingvalveandthesafetyvalve
meettheprovisions,andtheenvironmentfortheequipmentandaircompressorisneatand
clean;

7) Theappearanceiscleanandthemarksareintact.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thesettingoftheairsystemcouldnotsatisfytheoperationrequirementsoftheunit;

2) Thesafetyaccessoriesofthepipelineareabnormal,thegauges/metersareinaccurateor
thepipelinesandthevalvesaredamagedorseriouslycorrodedsothatsafetyisunder
threat;

3) Theweldingqualityofthepipelinesdoesnotmeettherequirementandthreatenssafety;

4) Theaircompressorcouldnotreachtheoutputindicatedonthenameplate;theratioofthe
highpressureofcompressedairtothelowpressurecouldnotsatisfytherequirements;

5) Thecomponentsareundertheinfluenceofotherelementsthreateningsafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.8 Thegradingofthemaintransformer(arcsuppressioncoil)shallcomplywiththefollowing
provisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thetransformercouldcontinuouslyreachtheoutputindicatedonthenameplateortheout-
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putapprovedbythehigherauthorities;

2) Thecomponentsofthetransformerareintact,theshellisnotcorroded,thesurfaceis
smoothandfreefromanydirt,thereisnocrackontheporcelaininsulatorsandthelead
connectorsareingoodcontactandfreefromoverheatingphenomenon;

3) Thetemperatureriseoftheoilandwinding,theoillevelintheconservatortankareasper
thevaluesspecifiedbythemanufacturerorthevalueapprovedaftertesting;

4) Thetransformerisinstalledaccordingtothetechnologicalrequirements,andisfundamen-
tallyfreefromanysinking,tiltingordamagephenomena;

5) Thecoils,bushingsandelectricinsulatingoil(includingthebushingoil)aretested
accordingtothespecificationsandmeetthespecifiedrequirements;

6) Theelectricalandmechanicalperformanceofthetappingswitchisgood,theindicating
signsarecorrectandtheactionsareflexibleandreliable;

7) Thegaugesandmetersareaccurate,andthecomponentsareintact;

8) Theappliancessuchasthegasrelaysareintact,andtheactionsareverifiedtobereliable
andaccurate;

9) Theexplosion-proofequipment,breather,conservatorandoildipstickareintact;

10) Theoillevelofthetransformerandtheoilfilledbushingmeetstheprovision,thereisno
leakagephenomenon,theoverallcleanlinessofthetransformerandthebushingismain-
tained,andthepaintisintact;

11) Thecrosssectionofthegroundingwiremeetstheprovision,thegroundingwireisin
goodcontactandisfirmlyandreliablyconnected;

12) Thetransformerhasbeenperiodicallysubjectedtooverhaul,minorrepairandpreventive
tests,therepairandtestrecordsareproperlykeptandthetestresultsmeettherequire-
ments.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thecoils,bushingsandelectricinsulatingoil(includingbushingoil)failthetest;

2) Thereisanabnormalnoiseorthelightgasprotectionoftenactsbutthecauseshavenot
beenfound;
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3) Thecoilinsulationisseriouslyagedandcouldnotensuresafeandeconomicaloperations;

4) Thecreepagedistanceofthebushinginthepollutedareasdoesnotmeettherequirements,

norareanyeffectivemeasurestaken;

5) Theelectricalormechanicalperformanceofthetappingswitchforthetransformerisun-
favourable,andcouldnotensuresafeoperation;

6) Thetransformerandtheoil-filledpipesseriouslyleakoil;

7) Theoutputofthetransformerisaffectedortheoperationalinstrumentsareinaccuratedue
tothedefectsoftheaccessories;

8) Thecomponentsareundertheinfluenceofotherelementsthreateningsafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.9 Thegradingoftheelectricreactorshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thecomponentsareperiodicallytestedaccordingtotheprovisionsandcomplywiththere-
quirementsofthespecification;theparameterscomplywiththeactualoperationalrequire-
ments;

2) Thecoilsarenotdeformed,theconcretecolumnsarefreefromanycracksandtheporcelain
partsarenotdamaged;

3) Thebodyisclean,thepaintisintactandthemarksarecorrectandclear.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thecomponentsarenotperiodicallytestedasrequiredorfailtheperiodictest;

2) Thecoilsaredeformed,theconcretecolumnsarecrackedortheporcelainpartsaredam-
aged.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.10 Thegradingofthecircuitbreakershallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:
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1) Ratedvoltage,ratedcurrentandcut-offcapacityofthecircuitbreakercouldsatisfytheop-
erationalrequirements;

2) Thepartsofthecircuitbreakerareingoodcondition,theoperatingmechanismactsflexibly
andtheprotectionactionisreliable;

3) Thecircuitbreakershallbeoverhauledandtestedaccordingtotheprovisionsofthespecifi-
cations,andtherecordsareproperlykept;thecontactsituationandthemaintechnicaland
electricalperformanceindexescomplywiththerequirements;

4) Thecircuitbreakerisingoodcondition,theindicationsareclearandcorrect,theoverall
cleanlinessoftheequipmentiskeptandthepaintisintact;

5) Theporcelainpartspasstheinsulationtestandarefreefromdefectssuchascracksand
damages.

6) Thegroundingmeasuresforthebodyandsupportarefirmandreliable.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Theparameterscouldnotsatisfytheoperationrequirements;

2) Theprotectionactionsoftheoperatingmechanismarenotreliable;

3) Thecreepagedistanceofthebushinginthepollutedareasdoesnotmeettherequirementof
thespecification,norareanyeffectivemeasurestaken;

4) Themainbodyfailstheinsulationtest;

5) Theequipmenthasseriousdefects,andtheoillevelindicationisnotclear;

6) Therearecracksordamagesontheporcelainparts;

7) Thecomponentsareundertheinfluenceofmajordefectsthreateningthesafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.11 Thegradingofthedisconnectingswitchandthehighvoltagefuseshallcomplywiththefol-
lowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Ratedvoltage,ratedcurrentandcut-offcapacitymeettheoperationrequirements;
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2) Theswitchescouldbeoperatedflexibly,andtheactionsofthelockingdevicearecorrect
andreliable;

3) Theelectricalcontactisingoodcondition,andthecontactresistancemeetstherequire-
mentsofthespecification;

4) Theporcelainpartspasstheinsulationtest,andarefreefromdefectssuchascracksor
damages;

5) Theperiodictestresultscomplywiththeprovisionsofthespecifications;

6) Thehighvoltagefuseisfreefromelectro-corrosion.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Theequipmentparameterscouldnotsatisfytheoperationrequirements;

2) Theequipmentisseriouslyoverheated,andtheirsafeoperationcouldnotbeensured;

3) Therearecracksordamagesontheporcelainparts;

4) Theswitchescouldnotbeoperatedflexibly,theswitchescouldnotbetightlyturnedon,

thelockingdeviceisimperfect,theactionsareunreliableandtheequipmentcorrosionis
relativelyserious;

5) Theelectro-corrosionofthehighvoltagefuseisserious.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.12 Thegradingofthevoltagetransformerandcurrenttransformershallcomplywiththefol-
lowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Theparametersmeetthedemandofthetechnicalconditionsforoperation;

2) Thecomponentsareintact,theporcelainpartsandinsulationpartofthebodyarenotdam-
agedandfreefromdirtordust,theelectrictestmeetstheprovisionsofthespecification;

3) Theoilinsulationisgoodandthetestresultsmeettherequirementsofthespecification;

4) Theoillevelisnormal,andthereisnooilseepageoroverheatingphenomenon;
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5) Theoverallcleanlinessofthecomponentismaintained,thepaintisintactandthemarksare
correctandclear;

6) Thewiringiscorrect,andthegroundingmeasuresfortheshellandthesecondarysideare
firmandreliable.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Gradeofmutualinductorandratiooftransformationcouldnotmeettheoperationalrequire-
ments;

2) Thecomponentshavenotbeenperiodicallytestedorfailedthetests;

3) Thereisabnormalnoiseoroverheatingphenomenoninside;

4) Thereisoilleakageorseriouscorrosionphenomenon;

5) Thecomponentsareundertheinfluenceofotherdefectsthatthreatensafeoperation.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.13 Thegradingofthepowercapacitorshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Theparametersindicatedonthenameplatemeettheoperationalrequirements;

2) Thecomponentsareperiodicallytestedaccordingtotheprovisions,andmeettherequire-
mentsofthespecification;

3) Theporcelainpartsareintact,freefromdirtanddustandundamaged;

4) Thesealingistightandtheshellisfreefromoilseepage,greasydirt,deformationorcorro-
sion.

5) Thepaintoftheshellisintact.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Theparametersindicatedonthenameplatecouldnotmeettheoperationalrequirements;

2) Thetestresultsdonotmeettherequirementsofthespecification;
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3) Fireprotection,anti-explosionandventilationfacilitiesforthecapacitorinstalledindoors
aredysfunctional,whichinfluencesitssafeoperation;

4) Thecapacitorseriouslyleaksoilortheoiltankisexpanded;

5) Thecomponentsareundertheinfluenceofotherelementsthreateningsafeoperation.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.14 Thegradingofthevariouspanelsandcabinetsshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Allkindsofmicrocomputerprotection,comprehensiveautomationdevices,relays,instru-
mentsandsignaldevicesinthepanel/cabinetareproperlyinstalled,andarefirmandclean,

theenclosureisproperlysealedandismarkedwiththename;

2) Thewiringisproperandmeetsthestandard,thecablesandterminalsareproperlynum-
beredandthecross-sectionoftheconductorandthecablemeetstheprovisionsofthe
specification;

3) Thescrewsontheterminalsofthesubassembliesandcomponentsarereliably,andthe
standbysubassembliesandconductorsareelectricallyneutral;

4) Theinsulationofthesubassemblies,componentsandsecondarycircuitsmeetstheprovi-
sionsoftherelevantspecification,andtheenclosuresaregroundedontwopositions;

5) Thecircuitconnectionisreliable,andtheinstallationwiringdiagrammeetstheactualsitua-
tion;

6) Theerrorsoftheinspectionandtestcharacteristicsofthesubassembliesandcomponents
meettheprovisionofthespecification;

7) Theprimaryequipmentinthepanel/cabinetisintactinappearance,passesthetest,acts
reliablyandmeetstheoperationalrequirement;

8) Theactionsofthefullgroupofvariousdevicesarecorrectandreliableinthetests.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Allkindsofrelays,comprehensiveautomationdevices,instrumentsandsignaldevicesin
thepanel/cabinetarenotproperlyandfirmlyinstalled,orthenamemarksareunclear;
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2) Thewiringisirregular,thecablesandterminalsarenotnumberedorthecross-sectionof
theconductordoesnotmeettheprovisionsoftherelevantspecification;

3) Theinsulationofthesubassemblies,componentsandsecondarycircuitsdoesnotmeetthe
provisionsoftherelevantspecification,

4) Thescrewsontheterminalsofthesubassembliesandcomponentsarenotreliablyfas-
tened;

5) Thechecksandtestcharacteristicsofthesubassembliesandcomponentsdonotmeetthe
provisionsofthespecification;

6) Theappearanceoftheprimaryequipmentinthepanel/cabinetisdamaged,theequipment
hasnotbeentestedaccordingtotheprovisionsorfailsthetest,theactionsarenotreliable
andtheoperationrequirementcouldnotbemet;

7) Theactionsofthecompletegroupofvariousdevicesarenotreliableinthetests.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.15 Thegradingofthelightningprotectionandthegroundingdeviceshallcomplywiththefol-
lowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) The configuration and installation of the lightning protection facilities meet the
requirementsofthedesignandinstallationspecifications,andthelightingprotectioncom-
ponentsarecompleteandintact;

2) Theinstallationandthegroundingresistanceofthegroundingdevicemeettheprovisionsof
thespecification;

3) Thelightningprotectiondeviceandthegroundingdeviceareperiodicallytestedandthere-
sultsmeettheprovisionsofthespecification;

4) Allthesafegroundingpositionsareingoodcontact,firmandreliable;

5) Thesignsandmarksarecorrectandcomplete.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Theconfigurationofthelightingprotectionfacilitiesdoesnotmeettherequirements,and
thelightningprotectiondevicefailstheperiodictests;
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2) Thegroundingresistancefailstheinspection;

3) Thegroundingwireisnotreliableorhasothermajordefectsendangeringsafeoperation;

4) Thesignsandmarksarenotcorrectorcomplete.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.16 Thegradingofthepowercablesshallcomplywiththefollowingprovisions:

a) Thecables,cablelayingandterminationshallbeclassifiedintoGradeIifallofthefollowingcon-
ditionsaremet:

1) Thetechnicalspecificationcouldmeettheoperationalrequirements,andthecablesandter-
minationarefreefromoverheatingphenomenon;

2) Theinstallationandthelayoutmeettheprovisionsofthespecification,andtheprotective
measuresforentering/leavingtheground,bendingradius,threadingprocess,arrangement
positionandheightdifferenceandfirepreventionmeasuresmeettherequirements;

3) Theperiodictestresultsmeettherequirementofthespecification;

4) Thecomponentsarefreefromanymechanicaldamagesthreateningsafeoperation;

5) Thecableheadsandfittingsareproperlysealed,andfreefromanyobviousoilseepage;the
porcelainbushingisintactandundamaged;

6) Thelayingroute,intermediateheadandcablecorearelegiblyandproperlymarked.

b) Thecables,cablelayingandterminationshallbeclassifiedintoGradeIIIiftheyareinanyofthe
followingcases:

1) Theparametersofthecablecouldnotmeettheoperationalrequirements;

2) Thereisobviousoilseepage,dryingorseriousoverheatingsignsonthecableheadandfit-
tings;

3) Thecomponentsfailthetestorareundertheinfluenceofotherelementsthreateningsafe
operation.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.17 Thegradingofthecontrolcablesshallcomplywiththefollowingprovisions:
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a) Thecontrolcables,layingandterminationshallbeclassifiedintoGradeIifallofthefollowing
conditionsaremet:

1) Thecontrolcablemeetsthedesignprovision;

2) Theinsulationisgood,andthetestsmeettheprovisionofthespecifications;

3) Thecablenumberaswellasthesignboardsindicatingthatthecablemodel,numberof
cores,cross-section,voltageandplacesarecorrectandintact;

4) Theinletandoutletofthecableductareproperlysealed;

5) Thefixingandthebracketofthecableareintact;

b) Thecontrolcables,layingandterminationshallbeclassifiedintoGradeIIIiftheyareinanyof
thefollowingcases:

1) Thetechnicalparametersofthecablesdonotmeettherequirementsofthespecifications;

2) Thereisnoobviousandcorrectmarkonthecableheadandtheintermediatehead;

3) Thecomponentsfailthetestsorareundertheinfluenceofotherelementsthreateningsafe-
ty.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.18 Thegradingofthecommunicationsystemshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Theequipmentisinstalledaccordingtotheprovisionsofthespecification;

2) Theperformancemeetstheprovisionsofthespecificationandthemanufacturer’srequire-
ments;

3) Reliablestandbypowersupplyisprovided;

4) Thetonequalityandvolumemeetthetechnicalrequirement.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Theinstallationdoesnotmeettheprovisionsofthespecification;
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2) Theperformancecouldnotmeettheprovisionsofthespecificationorthemanufacturer.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.19 ThegradingoftherectifyingdeviceandtheDCsystem panelshallcomply withthe
followingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thecharacteristicsoftherectifyingdeviceareasperthespecification,theparameters
meettheoperationalrequirementsandtherelayprotectionandon-offactionrequirements
couldbesatisfiedundernormalandfaultconditions;

2) Thevoltageregulatorandthevoltagestabilizingtransformeroperatewithoutabnormal
noiseoroverheatingphenomenon;

3) Theswitchesandcomponentsarefirmlyandproperlyinstalled,theconnectionpointsarein
goodcontactandarenotheated;

4) Theactionsoftheprotection,signaldevicesandindicatinginstrumentsarereliable,andthe
indicationsarecorrect;

5) Thewiringisneat,thecomponentsareproperlymarkedandnumbered,andthepractical
wiringdiagramisprovided.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thecharacteristicsoftherectifyingcomponentscouldnotmeettheoperationalrequire-
ments;therelayprotectionandon-offactionrequirementscouldnotbesatisfiedunder
normaloraccidentconditions;

2) Theinstallationoftheswitchesandcomponentsdoesnotmeettherequirement,thecon-
nectionpointsarenotingoodcontactandareover-heated;

3) Theactionsoftheprotection,signaldevicesandindicatinginstrumentsareunreliable,and
theindicationsareincorrect;

4) Thewiringandthemarksdonotmeettheprovisionsoftherelevantspecifications.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.20 Thegradingofthestoragebatteryshallcomplywiththefollowingprovisions:
27

SHP/TG005-2:2019



a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thecapacityoftheacid(maintenance-free)storagebatteryreachestheparameterindicated
onthenameplate;althoughthecapacityoftheusedstoragebatterycouldnotreachthepa-
rameterindicatedonthenameplate,itisproperlymaintainedandcouldmeettherequire-
mentforon-offaction;

2) Theelectrolytepassesthetest;

3) Thepoleplateisnotbentorotherwisedeformed,thecolourisnormal,theshellisintact
andnottiltedandthereisnoserioussediment;

4) Thestoragebatteryisneatandclean,correctlyandclearlymarked,andtheinsulation
meetstheprovisionsofthespecifications;

5) Thefittingsarefirmlyandreliablyconnected,andnotcorroded;

6) Acidproofing,sunlightproofing,heating,ventilationandanti-explosionfacilitiesarein
goodcondition.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thecapacitycouldnotmeettherequirementsindicatedonthenameplate;

2) Theelectrolytefailsthetest;

3) Thepoleplateisbentorotherwisedeformed,thecolourchangesandthereisalotofsedi-
mentintheshell;

4) Thefittingsareunreliablyconnectedorseriouslycorroded;

5) Acidproofing,sunlightproofing,heating,ventilationandanti-explosionfacilitiesdonot
meettherequirements.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.21 Thegradingofventilationandilluminationshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Theindoor/outdoorilluminationandemergencyilluminationareasperspecificationand
couldsatisfythedemandsfornormaloperationandemergencyillumination,thewiringis
neat,thereturncircuitsareingoodconditionanditisconvenientforoperationandmain-
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tenance;

2) Theintensityofilluminationmeetstherequirement,andnoglareisnotedinfrontofthe
mastercontrolroomscreen(panel);

3) Thecontrolroom,storagebatteryroomandcapacitorroomareequippedwithgoodventi-
lationfacilities,thetemperatureinthegeneralcontrolroomdoesnotexceed35℃andthe
temperatureoftheoutgoingairinthestoragebatteryroomandthecapacitorroomdoes
notexceed40℃.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Theindoor/outdoorilluminationcouldnotsatisfythedemandsfornormaloperationand
emergencyillumination;

2) Thereareseriousdefectsintheventilationofthecontrolroom,storagebatteryroomand
capacitorroom;

3) Theilluminationfacilitiesarehighlyinsufficient,thelinesareseriouslydamagedorthere
areothermajordefectsthreateningsafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.4.22 Thegradingofthebusbarandtheframeworkshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thethermalstabilityanddynamicstabilityofthebusbarmeettherequirements,andthe
connectionsarenotover-heated;

2) Thetechnicalparametersmeettheoperationrequirements;

3) Thecomponentsareintact,theporcelainpartsarenotdamagedandarefreefromtracesof
discharge,andtheframeworkisproperlygrounded;

4) Theframeworkisintactandisfreefromtilting,foundationsinking,andcorrosionofthe
ironparts,rebarexposureorcracks.

5) Themarksarecompleteandcorrect.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thethermalstability and dynamic stability ofthe busbarare relatively poor,the
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connectionsofthebusbarareover-heated;

2) Theframeworkistiltedseverely,thephenomenalikefoundationsinking,corrosion,rebar
exposureandcracksareserious;

3) Thecomponentsareundertheinfluenceofotherdefectsthreateningsafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5 Gradingstandardsforbuildingsandhydromechanicalstructures

A.5.1 Thegradingoftheearth-rockfilldamshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thecomponentsshallensuresafeoperationunderdesignstandardconditions;

2) Theearth-rockfilldamisfreefromcracks,seepage,collapsepitsandupheaval,thepave-
mentonthedamcrestislevelandtheelevationmeetsthedesignrequirements;

3) Theslopesareintact,andfreefromloosemasonry,collapse,beddingloss,cavityorturf
damage;

4) Thedamisfreefromanyinjuriousinsectandharmfulanimalburrows;

5) Thejunctionsbetweentheearth-rockfilldamandbothbanks,thedownstreamdamtoeand
theoutletoftheembeddedpipebelowthedamarefreefromabnormalleakagephenome-
non;

6) Allpartsoftheearth-rockfilldamarefreefromthickweeds,dregs,rubbishandsundryma-
terialsorotherunsightlyphenomenon.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thecomponentscouldnotreachthedesignstandards,andtherearedefectsatsomeparts
influencingsafetyandnormalelectricitygeneration;

2) Thereareseriousdamagessuchaslooseslopesandmasonry,collapse,beddinglossor
cavity;

3) Thereareinjuriousinsectsandharmfulanimalburrowsonthedamthreateningsafety;
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4) Theseepageoftheearth-rockfilldamisseriousandthreatenssafety;

5) Theturfslopeandrockfillslopeareseriouslydamagedorrolled,resultinginscouringdam-
agetothedam;

6) Thecomponentsareundertheinfluenceofotherelementsthreateningthedam’ssafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.2 Thegradingoftheconcreteandmasonrystructures(suchastheconcretedamandthesurge
shaft)shallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thestructure,shape,strengthandfoundationofthestructuresmeetthedesignrequire-
ments;

2) Thereservedexpansionjointsonthegatedamarefreefromsundrymaterialsandthefillers
arefreefromanyloss;

3) Thesurfaceofthegatedamisfreefromabrasion,scouring,weathering,denudationor
cracks;

4) Thefoundation,theexpansionjointsandthestructurebodyarefreefromseriousleakage
orbypassseepage;

5) Thedrainholesonthestructurebodyaswellastheadjacentdrainageditch,drainpipeand
water-collectingwellareunobstructed;

6) Theforebayshallensuretheintactnessoftheoverflowanddrainagefacilitiesandtheflush-
ingsluice;

7) Thesurgeshaft(tower)meetsthedesignrequirementasawhole,thestructureissafeand
reliableandcouldsatisfytherequirementsforwaterflowstabilityandsurgewhentheload
changessuddenly.Thesurgeshaft(tower)withtopcoveriswell-ventilated.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thestructurescouldnotmeetthedesignstandard,andthereareseriousdefectsatsome
parts;

2) Therearesundrymaterialsinthereservedexpansionjointsonthegatedamandthefiller
arelostseriously;
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3) Thesurfaceofgatedamsuffersseriousabrasion,scouring,weathering,denudationor
cracking;

4) Thedrainholesonthestructurebodyaswellastheadjacentdrainageditch,drainpipeand
water-collectingwellareobstructed;

5) Thefoundationofthestructuresuffersrelativelyseriouswaterseepage;

6) Theliningofsurgeshaft(tower)wallsisinpoorcontact,theconsolidationgroutingisof
poorqualityandthereareseriousfracturingandleakagephenomena;

7) Thereareseriousdefectsontheoverflowanddrainagefacilitiesandtheflushingsluice;

8) Thecomponentsareundertheinfluenceofelementsthreateningbuildingsafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.3 Thegradingofthewaterconveyingtunnel(culvert)shallcomplywiththefollowingprovi-
sions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Theinletofthewaterconveyingtunnel(culvert)isfreefromscouring,cavitationorfreez-
ing-thawingdamages;

2) Thewaterconveyingtunnel(culvert)isfreefromanydamagescausedbyover-pressure,

negativepressureorwaterhammer;

3) Thewaterconveyingtunnelplug(chokeplug)aswellastheunusedsub-tunnelandgrout
pipearefreefromwaterleakage;

4) Thetunnelbodyisfreefromseepage;

5) Noweightshallbestackedandnobuildingshallbeerectedonthetopofthenon-pressure
culvertpipeorthenon-pressuretunnelwithathicknessofrockmasslessthanthreetimes
thetunneldiameter;

6) Headlossattheinletofthewaterconveyingtunnelandthefrictionalheadlosshavenotex-
ceededthedesignrequirements.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thereareseriousdefectsattheinlettothewaterconveyingtunnel(culvert);
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2) Thereisseriousdamagedepredationcausedbyover-pressure,negativepressureorwater
hammer;

3) Thetunnelbodyandotherpositionssufferseriousseepage;

4) Headlossattheinlettothewaterconveyingtunnelorthefrictionalheadlossexceedthe
designvalue.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.4 Thegradingofthesteelpenstockshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thesteelplatesandtheweldsarefreefromcracksorwaterseepage;

2) Thesteelrivetholesandtherivetedseamsarefreefromleakage,andtherivetheadisnot
damaged;

3) Theconcretebuttressandtheanchorblocksarefreefromcracksandlooseness;

4) Therearenobarriersinfluencingthemovementofthebearingringbetweenthebearingring
andthebuttressconcreteblocks;

5) Thesealingoftherollingorcrankingsupportshieldisingoodcondition;

6) Theexpansionjointsarefreefromwaterleakage;

7) Theprotectivecoatingsontheinnerandouterwallsofthepipelineareintact,andfree
fromobviouscorrosion.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thesteelplatesandtheweldsarecrackedandsufferwaterseepage;

2) Therivetholesandtherivetedseamsseriouslyleak,andtherivetheadisdamaged;

3) Therearecracksontheconcretebuttressandtheanchorblocks;

4) Themovementbetweenthebearingringandthebuttressconcreteblockisabnormal;

5) Thesealingoftherollingorcrankingsupportshieldisseriouslydefective;
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6) Theseepageoftheexpansionjointsisserious;

7) Thecomponentsareundertheinfluenceofotherelementsthreateningsafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.5 Thegradingofthereinforcedconcretepenstockshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thereinforcedconcretepenstockisfreefromanycracksorseepage;

2) Thebellandthespigotjointsofthepenstockareintact,andfreefromcracksorseepage;

3) Thereinforcedconcretepenstockisfreefromexposedrebarordenudation;

4) Theconcretebuttressandtheanchorblocksarefreefromcracks,sinkingordeformation.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thereinforcedconcretepenstockiscrackedandseriouslyleaks;

2) Thebellandthespigotjointsofthepenstockaredamaged,crackedorseriouslyseep;

3) Therebarofthereinforcedconcretepenstockisexposedorthedenudationisserious;

4) Therearecracks,sinkingorseriousdeformationontheconcretebuttressandtheanchor
blocks.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.6 Thegradingoftheflooddischargeandsanddrainingstructuresshallcomplywiththefollow-
ingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thefoundationisofgoodquality,thestructureisstableandthedrainage,seepage-
proofingandwaterstopfacilitiesforthefoundationworknormally;

2) Theliningandoverflowingsurfacesarelevelandsmooth,andcouldsatisfytheanti-
scouringrequirement;

3) Theflooddischargeandenergydissipationfacilitiesarereliable,andfreefromanypotential
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hazardswhich mightthreatenthesafetyofthedamfoundation,otherstructuresand
downstreamareas;

4) Themountainsonbothbanksattheinlet/outletofthestructuresarestable,andfreefrom
anylandslideorcollapsethreateningsafety;

5) Externalobservationfacilitiesforthesafeoperationofthestructuresareequipped,have
goodperformanceandworkreliably.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thefoundationqualityispoor,whichseriouslyimpactssafeoperation;

2) Theliningandtheoverflowingsurfacesofthestructurescouldnotsatisfytheanti-
scouring,wear-resistance,anti-freezingorseepage-proofingrequirements;

3) Theflooddischargeandtheenergydissipationareseriouslyunbalanced,whichinfluences
thesafetyofthestructuresandthedownstreamarea;

4) Themountainsonbothbanksattheinlet/outletareunstable,andsufferfromseriousland-
slideandcollapserisksthreateningthesafety;

5) Thecomponentsareundertheinfluenceofotherelementsthreateningthesafety.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.7 Thegradingofthepowerhousestructureshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Thefoundationisgoodandthedeformationmeetsthedesignstandard.Theseepage-proo-
finganddrainagefacilitiesworknormally;

2) Thepowerhouseisofstablestructure,andfreefromobviouscracks,deformationorwater
seepage;

3) Thefloodfighting,firefighting,ventilationandilluminationfacilitiesareasperthedesign
standardsandinnormalworkingcondition.

4) Theobservationdataonthesafeoperationofthepowerhouseisavailable,theperformance
oftheobservationfacilitiesisgood,andtheobservedresultscouldreflecttheengineering
practiceandmeettherequirements;
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5) Theequipmentfoundationsareintact,theindoor/outdoorstationarybarriersareperfect
andthemarksarecomplete.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Therearedefectsinfluencingthesafetyofthefoundationandthestructureofthepower-
house;

2) Thefloodfighting,drainage,seepage-proofing,waterstop,ventilation,firefighting,and
illuminationfacilitiesarehighlyimperfect;

3) Thepowerhouseleakswaterorthedoors/windowsareseriouslydamaged;

4) Thecomponentsareundertheinfluenceofotherelementsthreateningsafeoperation.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.8 Thegradingofthediversioncanalandthetailraceshallcomplywiththefollowingprovisions:

a) ThediversioncanalandthetailraceshallbeclassifiedintoGradeIifallofthefollowingcondi-
tionsaremet:

1) Thediversioncanalandtailraceareofgoodqualityandcouldmeettheseepage-proofing,

anti-freezing,anti-scouring,anti-corrosionandfloodfightingrequirements;

2) Thediversioncanalandthetailracearefreefromscouring,thetailwaterlevelreachesoris
closetothedesignvalue,andthewaterflowisunobstructed;

3) Theliningqualityofthediversioncanalandthetailraceisgood,andtheslopeisstable;

4) Therearenosundrymaterialsorweedsinthediversioncanalandthetailrace.

b) ThediversioncanalandthetailraceshallbeclassifiedintoGradeIIIiftheyareinanyofthefol-
lowingcases:

1) Thediversioncanalandthetailraceareofpoorqualityandsufferfromseriousscouringand
sedimentation;

2) Theslopeofthediversioncanalandthetailraceiscollapsedandthewaterflowisinflu-
enced;

3) Thewaterlevelinthediversioncanalandthetailracecouldnotmeetthedesignrequire-
ment,andthediversioncanalandthetailracesufferfromseriousdammingandwaterbloc-
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kingphenomenon.

c) ThediversioncanalandthetailraceshallbeclassifiedintoGradeIIiftheydonotbelongtoGrade
IandGradeIII.

A.5.9 Thegradingofthegate,hoist,trashrackandcleaningequipmentshallcomplywiththefol-
lowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Gateandhoistaresafeandreliable,andcouldbeflexiblyopened/closed;andthestroke
meetstherequirement;

2) Gateandhoistingequipmentarefreefromdeformation,watertrappingandoilleakage;

3) Thetrashrackandcleaningequipmentworkreliably,andthetrashrackisnotblocked;

4) Theprotectivecoatingforthegateandhoistingequipmentandthetrashrackandcleaning
equipmentisintact,andisnotpeeling;thepartsarefreefromcorrosion.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Gateandhoistandthetrashrackandcleaningequipmentareseriouslydeformedorcorroded
orhaveothermajordefects;

2) Thetrashrackisseriouslyblocked;

3) Thestrokeofthehoistcouldnotreachthedesignrequirement;

4) Thegateleaksseriouslyafterbeingclosed.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.10 Thegradingoftheliftingdeviceshallcomplywiththefollowingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Theliftingframeandcolumnarefreefromcracksordeformation;

2) Thepowersupply(includingstandbypowersupply),andthepowermachineryareingood
workingconditionf,andmaybestartedatanytime;

3) Safetyprotectionfacilitiesandinstrumentsareintact;
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4) Thelubricatingoilattherotatingpartsofthemachineryissufficient,andtheoilvolumeat
thehighspeedparts(suchasthegearbox)meetstherequirementsofthespecification;

5) Thetractionequipmentworksnormally,thesteelwiresarefreefromcorrosionorbroken
strands,andtheliftinghookisnotbentorcracked;

6) Thebumper,stopperandlimitswitchesarereliable,andtheframecouldaccuratelymove
totheliftingposition.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Theliftingframeandcolumnareseriouslycrackedordeformed;

2) Thepowersupplyisunreliableandcouldnotbestartedaspertherequirement;

3) Theprotectionfacilitiesareimproper;

4) Thelubricatingoilattherotatingpartsofthemachineryisinsufficient,andtherotationis
notflexible;

5) Thesteelwireropeisseriouslycorrodedorruptured,ortheliftinghookisdamaged,which
threatenssafety;

6) Thecomponentsareundertheinfluenceofotherelementsthreateningsafeoperation.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.

A.5.11 Thegradingoftheotherbuildings(structures)andthecableductsshallcomplywiththe
followingprovisions:

a) ThecomponentsshallbeclassifiedintoGradeIifallofthefollowingconditionsaremet:

1) Otherbuildingsandstructuresarestable,andtheirstrength,deformation,earthquakepre-
vention,floodfightinganddrainageandfirefightingmeettherequirementsofthespecifica-
tionandfortheproduction;

2) Theaccessshallmeettheoperational,maintenanceandoverhaulrequirements;

3) Theframeworkisintactandisfreefromsinkingortilting;theironpartsarenotcorroded;

4) Thecableductsareintactandclean,thecoverplateisneatandcomplete,andthewater
drainageisunobstructed.Theintersectionbetweenthecableduct,thedrainagewayand
vehicleroadsshallbereinforced;
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5) Theindoorandoutdoorgroundshallbelevel,andthewaterdrainageshallbeunobstructed;

6) Theenclosures,fences,gateandindoor/outdoorstationarybarriersareintact;

7) Thefirefightingfacilitiesareperfect,thefirefightingequipmentisintactandreliable.
Safetydrillsandtrainingofstaffareregularlycarriedout.

8) Emergencyoildrainagesystemisprovided.

b) ThecomponentsshallbeclassifiedintoGradeIIIiftheyareinanyofthefollowingcases:

1) Thebuildingsorstructureshaveseriousstructuraldefectswhichthreatenthesafetyofthe
equipmentandpersonnel;

2) Theaccessisnarrowandcouldnotsatisfytheoperational,maintenanceandoverhaulre-
quirements;

3) Theframeworkisdamaged,sunkenortilted;theironpartsareseriouslycorroded;

4) Thecoverplateofthecableductandthedrainagewayareseriouslydamaged,collapsed
andthreatenpersonalsafety;

5) Theindoorandoutdoorgroundisunevenandalotofwateristrappedontheground;

6) Theenclosuresorthefencesaretiltedordamaged;thegateandtheindoor/outdoorsta-
tionarybarriersareseriouslydamaged;

7) Thecomponentsareundertheinfluenceofotherelementsthreateningsafeoperation.

c) ThecomponentsshallbeclassifiedintoGradeIIiftheydonotbelongtoGradeIandGradeIII.
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