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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.
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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.

Ⅲ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Management
Part3:TechnicalRenovation

1 Scope

ThisPartoftheManagementGuidelinesspecifiesthebasicprinciples,contents,methodsandre-

quirementsforthetechnicalrenovationofansmallhydropower(SHP)station.

2 Normativereferences

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

IEC60060-3-200,High-voltage Test Technique—Part 3:Definition and Requirementsfor On-
siteTesting

IEC61439,Low-voltageSwitchgearandControlgearAssemblies

IEC62006:2010,HydraulicMachines—AcceptanceTestsofSmallhydroelectricInstallations

IEC62208,Emptyenclosuresforlow-voltageswitchgearandcontrolgearassemblies—Generalre-
quirements

IEC60609-1,HydraulicTurbines,StoragePumpsandPump—Turbines—CavitationPittingEvalua-
tion—Part1:EvaluationinReactionTurbines,StoragePumpsandPump-turbines

IEC60609-2,HydraulicTurbines,StoragePumpsandPump—Turbines—CavitationPittingEvalua-
tion—Part2:EvaluationinPeltonTurbines

ISO/DIS5208,IndustrialValves—PressureTestingofMetallicValves

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

1
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3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 General

4.1 Thetechnicalrenovationofthepowerstationshalleliminatethesafetyhazards,ensurework
safety,improvethepowergenerationefficiency,shallbringcosteffectivenesstotheworksand
shallimprovetheoperationandmaintenance.

4.2 Theexistingfacilitiesorequipmentshallbefullyutilized,andthematurednewtechnologies,

newprocesses,newequipmentandnew materialsshallbeactivelyusedtoimprovethetechnical
functionalandfinancialaspectsofthehydropowerstationandmeettheenergyconservationanden-
vironmentalprotectionrequirementsintheobsoletetechnologiesshallnotbeused.

4.3 Ifthefacilityorequipmenthasseriousdefects,andtheirsafetycouldnotbeensuredevenafter
severalrepairsortherenovationcostispredictedtobehigherthan60%ofthecostfornewequip-
ment,itshouldbescrappedandreplacedwithnewequipment/components.

4.4 Beforetheimplementationoftherenovation,thestatusanalysisandevaluationshallbeper-
formedfirst;thesafetydetectionshallbeperformedfortheequipmentandfacilitywhennecessary;

andthefeasibilitystudymaybeimplementedtodeterminethetechnicalrenovationscheme.

4.5 Thecooperationofthecascadehydropowerstationsinthesameriverbasinshallbetakeninto
account,orifflowsorgeneratinghaveimpactsfromonestationonanotherstation.

4.6 Attentionshallbepaidtothesocialandenvironmentalimpacts,particularlythedischargeofec-
ologicalflowandenvironmentalprotection.Thefishpassstructureshallbeinstalledaccordingtothe
actualsituationofthepowerstation.

4.7 Therenovationschemeshallmeettheprovisionsofthenationalaswellasthelocalregulations
fortheproject.

5 Statusanalysisandevaluation

5.1 Forthetechnicalrenovationofthepowerstation,thefollowingdatashallbecollected:

a) Engineeringdesign,completionandoperationdataandtheoverhaulrecordsovertheyears;

b) Hydrologicalandsedimentdata;
2
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c) Safetydetectionandperformancetestorevaluationdata;

d) Otherrelevantdata.

5.2 Beforetechnicalrenovationofthepowerstation,theequipmentorfacilityincludingthehy-
draulicstructure,electromechanicalequipmentandthehydromechanicalstructureshallbeanalysed
fromtheaspectofperformanceandsafetyaccordingtothepreventivetestreport,performancetes-
tingresult,safetydetectionresults,andtheoperationandoverhauldata;andwhetherthefacility
andequipmentofthepowerstationshouldberenovatedshallbeevaluatedfromthepointofviewof
performanceandsafety.

5.3 Analyzetheoperationdataandmaintenancedataofthepowerstationaccordingtotheriver
planningandhydrologicdata,studythechangerulesoftheupstreamanddownstream waterlevel,

waterhead,flow,sedimentconcentration,anddemonstratethenecessityandfeasibilityoftheren-
ovation.Whetherthecapacityofthepowerstationshouldbeupratedorderatedshallbeevaluated,

andtheevaluationshallincludethefollowingcontents:

a) Theavailablerunoffandthedesignfloodshallbereviewedwhennecessary,ifanyfloodinghas
occurredsincetheoperationofthehydropowerstationorifthehydraulicstructuresaretobe
upratedtoincreasethewaterdiversionvolumeortoincreasetheweir/damheight.Theimpact
ofclimatechangeshallalsobecheckedforthesafespillwaycapacity;

b) Therunoffshallberecheckedwhenthehydropowerstationisrenovatedbyupratingorderating
thecapacity;

c) Theconditionswhichmayincreaseordecreasetheflowandmayincreaseorreducetheworking
head;

d) Usableabandonedwater;

e) Conditionsforreducingtheheadlossandthereducedflowloss;

f) Ecologicalflowreview.

5.4 Thepossiblesocialandenvironmentalimpactsofthehydropowerstationrenovationshallbe
evaluated.

6 Detectionandevaluation

6.1 Beforethepowerstationisrenovated,thehydraulicstructuresshouldbeinspected,andthe
appearance,structuralsafety,operationandmanagementconditions,andtheprojectqualityshould
beevaluated.Hydraulicstructureswithabnormalconditionsidentifiedthroughon-siteinspectionand

3
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safetymonitoringshouldnecessarilybechecked.

6.2 Thecomparisontestshouldbeperformedfortheperformanceofunitbeforeandafterthetech-
nicalrenovation;thetestdataistheimportantbasisforassessingtheeffectsandtheeconomicindi-
cesofthetechnicalrenovationofthepowerstation.Itisrecommendedtoperformperformance
testsbeforeandaftertherenovationwithsamemethodandsamesetofinstrumentsandmeters.

6.3 Theturbineperformancetestshallbeperformedaccordingtothespecificsituation,orcarried
outinaccordancewiththerelevantprovisionsofIEC62006:2010.

6.4 Withregardtothehydropowerstationwiththemainelectromechanicalequipmentexceeding
thedesignservicelifeorsubjecttoanabnormalconditioninfluencingsafeoperation,themainstruc-
turalmembersshallbeinspectedordetectedforcorrosion,deformationandcracks;andtheir
strengthandrigidityshallbereviewedandevaluated.

6.5 Forthepenstock,specialsgateandhoist,thedeformation,twisting,cracks,corrosionorab-
rasionofthemainstructuralmembers,andtheweldswithdefectsshallbedetectedthroughnon-de-
structivetesting;andtheirstrengthandrigidityshallbereviewedandevaluated.

6.6 Theperformancetestofthemainelectricalequipmentofthepowerstationmayemploythe
preventivetestresultsorthecurrenttestresultsbeforerenovation,andthetestmaybeperformed
inaccordancewithIEC60060-3:2006.

6.7 Thedetectionandevaluationresultsshallbeusedasthebasisfordeterminingthenecessityand
renovationschemeforthetechnicalrenovationofthepowerstation,andforassessingtheeffectsof
thetechnicalrenovation.

7 Renovationcontentsandrequirements

7.1 Generalprovisions

7.1.1 Inanyofthefollowingcases,thetechnicalrenovationshallbeperformed:

a) Existingandforeseeablepotentialforasafetyhazard;

b) Theparametersoftheupstreamanddownstreamhydrologicalcharacteristicschangesignificant-
ly;

c) Theutilizationofthewaterpowerresourceisunreasonable,especiallyiftheheadandflowis
notusedproperlyandisinconflictwiththeutilizationofotherwaterpowerresources.

d) Thequalityofthecivilengineeringconstruction,equipmentmanufactureorinstallationispoor,
4
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theequipmentperformancelagsbehindandthetechnicalconditionispoor;

e) Thegeologicalconditionshavechangedsignificantly;

f) Theecologicalenvironmentisseriouslyandnegativelyimpacted;

g) Othersituationrequiringrenovation.

7.1.2 Theusablepartoftheexistingfacilityandequipmentshallbereviewedandcalculatedasnec-
essary;thecorrespondingtechnicaltreatmentshallbeperformedwhennecessary.

7.1.3 Thepowerstationwithagreatabundanceofwatermayberenovatedbyupratingthecapaci-
ty;thehydropowerstationwithlowannualutilizationhours,lowerheadordecreasingflowmaybe
renovatedbyderatingthecapacity.

7.1.4 Forthehydropowerstationtoberenovatedbyupratingthecapacity,thescaleofthe
installedcapacityshallbere-determinedandfollowingcontentsshallbereviewed:

a) Thewaterintake,headloss,structuralstrengthandhydraulictransientandequipmentaswellas
thefacilityfordiversionsystem (includingthewaterintake,diversiontunnelandpenstock)

shallbereviewed.

b) Thetunnelandchanneldischargecapacityshouldberechecked.

c) Theprojectclass,structuregradeandfloodstandardshallbereviewed.

d) Theregulatingguaranteeparametersoftheunitandwaterconveyancesystemshallbeverified.

7.2 Hydraulicstructures

7.2.1 Thetechnicalrenovationofthehydraulicstructureshallmeetthefollowingrequirements:

a) Thepotentialsafetyhazardiseliminated;

b) Theinundationlossissmall;

c) Theconstructionisconvenient.

7.2.2 Thefollowingtechnicalrenovationmeasuresmaybetakenforthescientificutilizationofthe
waterpowerresources:

a) Toleadthewaterfromdifferentzonesinthesamebasinintothereservoirorforebaybychan-
nellingortunnellingunderthepremiseofmeetingtheecologicalflowrequirement;

5
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b) Toincreasethepowergenerationheadandtheregulationstoragewiththemethodofincreasing
thedamheightunderthepremiseofminimizingtheinfluenceonthesubmersion,soastoim-
provethepowerproduction;

c) Onthepremiseofnotaffectingfloodcontrolsafety,addrubberdams,flapgatesorcontrollable
gates,andotherfacilitiesonthespillway.Combiningwiththewaterregimeforecast,thesluice
canstorewaterattheendofthefloodseasontoenhancethewaterheadandthestoragecapaci-
ty,thusincreasingthegeneratingcapacity;

d) Toflushouttheriverchannelsedimentation,andreducethetailwaterleveloftheunitonthe
premiseofmeetingtheturbinestaticsuctionhead.

7.2.3 Thefollowingmeasuresmaybetakenforthetechnicalrenovationofthewaterdiversionsys-
tem:

a) Toimprovethesedimentremovalandtheflushingandtrashcleaningfacilitiesattheheadofthe
waterdiversionsystem,includingimprovingthelayoutofthewaterintake,andrenovatingthe
hydraulicstructurewhichotherwisedidnotmeetthesmoothflowruleforwaterflowandtotry
toestablishthestreamlineform;

b) Toimprovethestructureofthetrashrack,installadditionaltrashcleaningequipmentoraddthe
trashholdingandicedischargingfacilities,includingadjustingthespacingbetweenthetrash
rackbars,andimprovingthestructureofthetrashrackandtheshapeofthebarstoreducethe
cloggingoftrash;

c) Toincreasetheflowcross-sectionandtoimprovetheroughnessfactor;

d) Dredgingandanti-seepagetreatmentareperformedontheforebay,tunnelandchannelofthedi-
versionstructure;

e) Toclearthebarrieranddesiltthetailwater,andtoimprovethewaterflowregimeofthetail-
race.

7.2.4 Thetechnicalrenovationofthepowerhouseshallmeetthefollowingrequirements:

a) Thefloodcontrolinstallationshallbeimprovedtomeetthefloodcontrolrequirements;

b) Withregardtotheupratedrenovationhydropowerstation,thestrengthofthegeneratorpier
andthecranebeamshallbereviewed,andthestrengthofthefloorslabwiththeloadincrease
shallalsobereviewed;

c) Therequirementsforthesafeoperation,maintenanceandoverhauloftheelectromechanical
equipmentshallbemet;
6
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d) Theappearanceofthepowerhouseshallbeharmoniouswiththeambientenvironment.

7.2.5 Inthecoldregion,thefrostresistancefacilitiessuchastheiceretainingbarandtheicehold-
ingrackshallbeestablishedforthehydraulicstructureandthehydromechanicalequipment.

7.2.6 Thetechnicalrenovationofthegatesandhoistsshallmeetthefollowingrequirements:

a) Withregardtoallkindsofgateswithcorrosion,deformation,vibrationandseriouswaterleak-
ageaswellasthehoistwhichcannotoperateflexibly,thetechnicalrenovationshallbeper-
formedtoeliminatethedefects;

b) Withregardtothegatewithexcessivehoistingcapacityduetocorrosionordeformation,new
supportingmaterialsshallbeusedinprecedence,orthesupportingformofthegateorhoist
equipmentmaybeimproved;

c) Withregardtothepowerstationwiththediversionsystemrenovatedorthedamheightin-
creased,theexistinggateorhoistshallbereviewedorreinforced.

7.2.7 Fortheemergencybulkheadgateatthewaterintakeoftheunitandthetailwaterbulkhead
gate,thewaterfillingandpressurebalancingfacilitiesshouldbeestablished,anditisstrictlyprohib-
itedforthetaillocktousetheupstreamhighpressurewaterforwaterfillingandpressurebalancing.

7.2.8 Thehoistfortheflooddischargegateshallbeequippedwithreliablestandbypower.

7.2.9 Thetechnicalrenovationofthepenstockshallmeetthefollowingrequirements:

a) Thewater-stopringfortheexpansionjointwhichseriouslyleakswaterandhasagedshallbere-
placed;

b) Thesteelpipeshallbereplacedifitisseriouslycorrodedordamaged;

c) Theanchorblocksandthesupportswithdifferentialsettlementshallbereinforced;

d) Thereinforcedconcretepipelinewhichhasseriouslyagedshallbereplaced;

e) Ifthepipediameterofthepenstockistoosmall,morepipelinesshallbeusedorthepipediame-
tershallbeincreasedtoreduceheadlosses.

7.2.10 Thesafetymonitoringsystemofthereservoirdamshallbeimproved.

7.3 Turbineanditsaccessoryequipment

7.3.1 Thetechnicalrenovationoftheturbineshallbeperformedinlinewiththefollowingprinciples:
7
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a) Foradvancement,itisnecessarytoselecttheefficientrunnerwithadvancedperformanceand
maturedtechnologies;duringthetypeselectionanddesign,itisnecessarytocollectasmuch
informationaspossibleonthevariouskindsofrunners(usuallyatleast3)fromtheresearchde-
partmentandthemanufacturersforcomparisonandselection.

b) Forrationality,itisnecessarytocloselycombineandhandlethelimitingconditionsofthishy-
dropowerstationwhichcannotbechangedorshouldnotbechanged.

c) Foreconomy,itisnecessarytoincreasetheannualenergyoutput,andtoimprovetheeconomic
benefitofthepowerstation.

d) Forparticularity,itisnecessarytoimprovetheoperatingconditionsoftheturbineunderspecial
waterqualityconditionssuchasexcessivesedimentandtotakethecomprehensivetreatment
measuresforthesedimentandabrasionresistance.

7.3.2 Thetechnicalrenovationoftheturbineshallmeetthefollowingrequirements:

a) Theturbinerunnerselectedshallbeadvancedintheenergyindex,haveexcellentcavitation
characteristicsandhavegoodoperationstability;

b) Whenthemainparametersoftheturbineareselected,thedimensionsandinstallationelevation
ofthediversionsystemandtheturbineflowpassageofthehydropowerstationaswellasthe
parametersofthegeneratorshallbeconsideredsothattheturbinecanoperateinthestableand
efficientzone,andthestaticsuctionheadmeetstherequirement;

c) Theturbineshallbeadaptivetothechangesinheadandflowtoimprovetheoperatingcondi-
tionsandtoenhancetheoperationalstabilityandefficiency;

d) Withregardtothehighsediment-carryingwateratthehydropowerstation,thesedimentabra-
sionoftheturbineshallbeevaluatedandanalysed,thetechnicalrenovationparametersshallbe
reasonablyselectedandabrasionresistancemeasuressuchasthesiltresistiveturbinematerial
orcoatingshallbeselected.Withregardtothehydropowerstationwithhighsedimentpassing
throughtheturbine,theturbineshouldoperateundercavitation-freeconditions.

7.3.3 Thetechnicalrenovationoftheturbineshallbecarriedoutwiththefollowingmethodsac-
cordingtothespecificconditionsofthehydropowerstation:

a) Newrunnerwithhigherperformanceshallbeadopted,thenewrunnershallbematchedwiththe
turbineflowpassage;theprofileandstructureofthepassagepartsmaybeimprovedupontech-
nicaldemonstration,whennecessary;

b) Withregardtothepowerstationwithsmallchangesintheheadandflowcomparedtotheorigi-
naldesigncondition,butwitholdturbineequipmentoflowefficiency,theturbineperformance
8
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shallbeimproved;

c) Withregardtothepowerstationwithheadandflowhigherthantheoriginaldesignconditions,

theratedpoweroutputshallbeimproved;

d) Withregardtothepowerstationwithheadandflowlowerthantheoriginaldesignconditions,

theratedpoweroutputshallbereduced;

e) Withregardtothepowerstationwithhighsedimentcontents,thehydraulicandstructuralde-
signoftheturbineshallbeimprovedaccordingtothevolumeofsedimentpassingthroughthe
turbineandthecharacteristicsofthesediment,andtheabrasion-resistancematerialandprotec-
tivecoatingshallbeused;

f) Iftheunithasaseriouspotentialsafetyhazardoritsdamagemeetsthescrapconditions,itshall
bescrappedandreplacedwithanewunit.

7.3.4 Theturbinerunnerandguidebladeshouldbemachinedwithanumerically-controlledmachine
tool.

7.3.5 Thetechnicalrenovationofthethrustbearingshallmeetthefollowingrequirements:

a) Thestructuralstyleshouldbeimprovedorthecoolingeffectshouldbestrengthenedforthrust
bearingswitharelativelyhightemperatureduringpowergeneration.Unitswiththeratedspeed
of1000r/minorlessshoulduseelasticmetal-plasticthrustbearings.

b) Forthedesignofthecapacityenhancementoftheunit,themaximumaxialthrustoftheunit,

thebearingcapacityofthethrustbearingandthebearingcapacityofthefoundationshallbecal-
culatedandreviewed.

7.3.6 Theradialbearingofthehorizontalshaftmayemploytheanti-frictionbearingorthesliding
bearing;theslidingbearingmayemploytheBabbittbearingshoeorotherappropriatebearingshoe.
Theguidebearingoftheverticalshaftturbineshouldbeaparabolicstructuretopreventthebearing
shoefrombeingscratched.

7.3.7 Thetechnicalrenovationofthehydroturbinegoverningsystemshallmeetthefollowingre-
quirements:

a) Thecharacteristicparameterssuchastheworkcapacityofthegovernorshallbereviewedac-
cordingtotheturbineparameterswhenthehead,floworrunnerdiameterchanges;

b) Therenovatedhydroturbinegoverningsystemshallmeettherequirementsforstart-upand
shutdown,fastsynchronization,loadincrease/decreaseandemergencyshutdown;
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c) Thehydroturbinegoverningsystemshouldberenovatedtoemploythemicrocomputer-based
full-automaticgovernororthemanipulatorwiththeenergystorageequipment;

d) Thehydroturbinegoverningsystemafterthetechnicalrenovationmayprovidethepressureoil
sourcefortheautomaticbrakingdeviceunderthepremiseofmeetingtheoperatingworkre-
quirement;

e) Whentheunitrequiresblackstart,thegovernorshallbeequippedwiththefullymanualoperat-
ingsystem.

7.3.8 Thetechnicalrenovationofthemainvalveoftheturbineshallmeetthefollowingrequire-
ments:

a) Whenthewaterleakageissignificant,thesealingformofthemainvalveshallbeimprovedorit
shallbereplacedwithanewmainvalve;

b) Thevalveshallbeequippedwiththemechanicallimitprotectiondevice;

c) Thevalveshouldbeequippedwiththeautomaticoperatingmechanism;

d) Thehydraulically-operatedvalveshouldbeequippedwiththehydraulicdevicehavingtheenergy
storageequipment.

7.4 Auxiliaryequipment

7.4.1 Theauxiliaryequipmentofthehydraulicmachineryshallbecorrespondinglyreplacedorreno-
vatedaccordingtotherequirementsforthetechnicalrenovationoftheunitequipment.

7.4.2 Thetechnicalrenovationofthetechnicalwatersupplysystemshallmeetthefollowingre-
quirements:

a) Therenovationofthetechnicalwatersupplysystemshallsatisfythewaterrequirementafter
therenovationofthepowerstation;

b) Withregardtothehydropowerstationdesignedtobeunattendedduringoperation(attendedby
fewerpersons),thetechnicalwatersupplysystemshallbeequippedwiththeautomaticwater
filter,theautomaticcontrolvalveandtheflowindicatingsignaldevice;

c) Theseepagedrainagesystemshouldemploytheself-primingpumpfordrainage,orthesub-
mergedpumporthedeep-wellpump;

d) Thepipelinewhichhasbeenseriouslycorrodedorhasleakageorwithanundesirablepipelinedi-
ametershallbereplaced.
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7.4.3 Thetechnicalrenovationofthecompressedairsystemshallmeettheairdemandafterthe
renovationoftheunit;withregardtothegovernoroilpressuredeviceequippedwiththebladder
typehydro-pneumaticaccumulator,thecorrespondingcompressedairsystemmaybeomitted.

7.4.4 Thetechnicalrenovationoftheoilsystemshallmeetthefollowingrequirements:

a) Theturbineoilsystemshallbelaidinthesimplifiedpipeline,andtheoilshouldbesuppliedand
drainedthroughthehose;

b) Theoiltankfortheinsulatingoilsystemshouldbeomitted(consideringtheinsulatingoilofthe
SHPismainlyusedforthetransformer,andthereisusuallynoneedtochargeordischargethe
oil,andtheoilcanbefilteredonline).

7.4.5 Thehoistingequipmentthatfailsthetestshallberefurbishedorreplaced.

7.4.6 Forthedesignofthehydropowerstationrenovatedbyupratingthecapacity,thehoisting
equipmentanditssupportingstructureintheplantshallbereviewedfortheweightoftheheaviest
partplustheweightoftheliftingdevice.Whenthehoistingweightismorethantheratedhoisting
capacityofthecrane,thecraneanditssupportingstructureshallberenovatedorothersafetymeas-
uresshallbetaken.

7.5 Generatorandtheotherelectricalequipment

7.5.1 Thetechnicalrenovationofthegeneratorshallmatchthecapacityoftheturbineandtheother
powertransmissionandtransformationequipment.

7.5.2 Thetechnicalrenovationofthegeneratormayberealizedinthefollowingmanner:

a) Toimproveorreplacethecoolingsystem,changetherotorfan,enhancetheforcedventilation
orchangethepipelineventilationtothesealedaircooler.

b) Toreplacethestatorwindingandtherotormagneticpolecoil;iftheinsulationofthestatoror
therotorwindinghasaged,thewindingshallbereplaced,orinsulatingmaterialofahigher
gradeshallbeused;forexample,changetheinsulationofgradeBtoinsulationofgradeFtoim-
prove the temperature resistance.With regard to the generator with large capacity
enhancement,inadditiontothereplacementofthewindingandtheinsulation,thelengthofthe
statorandtherotorcoremaybeincreasedtoimprovetheelectromagneticpower.Withregard
totheverticalgenerator,liftingtherotoroutofthegeneratorpitshallnotbeinfluencedifthe
statorextrudesfromthegroundofthemaingeneratorroomduetotheincreaseinthecore
length.

c) Torenovatethegeneratorbearing;itisallowedtoadoptplasticthrustpadswithlowfriction,

largebearingcapacityandwithoutbearingshoegrinding.
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d) Toreplacethegenerator;thefoundationandembeddedpartsoftheoldequipmentshallbefully
utilized,andnewinsulationmaterialsandhigh-qualityandhigh-efficientsiliconsteelsheetsshall
beused.

7.5.3 Thegeneratorshallbeequippedwiththetemperaturemeasurementcomponents.

7.5.4 Thehigh-voltagegeneratorwithlowcapacitymaybereplacedbythelow-voltagegenerator,

andtheupdatedgeneratorcapacityshouldnotexceed800kW,otherwisethecurrentwillbetoo
great,thecablesectionwillbethickened,andthewiringwillbemuchmoredifficult,andtheinvest-
mentwillincrease.

7.5.5 Thegeneratorwithalargeinsulationresistancedropofthestatorwindingaftershutdown
maybedriedwiththeadditionalheatinganddehumidificationdevice.Iftheinsulationresistancestill
couldnotmeettherequirementsafterheatinganddehumidification,theinsulationshallbereplaced
orothermeasuresshallbetaken.

7.5.6 Thetechnicalrenovationoftheexcitationsystemshallemploytheexcitationdevicewiththe
automaticregulatingfunction,andthestaticexcitationorthebrushlessexcitationmodeshouldbe
adopted.

7.5.7 Technicalrenovationofthemaintransformershallmeetthefollowingrequirements:

a) Theratedcapacityofthemaintransformershallmeettherequirementoftheoutputcapacityof
thehydropowerstationafterrenovation;

b) Themaintransformerwithhighenergyconsumptionshallbereplacedwithenergy-savingtrans-
formerwithlowenergyconsumption;

c) Withregardtothepowerstationwiththedistributiontransformerasmaintransformer,itshall
beupdatedtotheboostingtransformer.

7.5.8 Technicalrenovationoftheotherelectricalequipmentshallmeetthefollowingrequirements:

a) Safe,energy-savingandenvironment-friendlyelectricalequipmentproductsshallbeselected;

theequipmentwithhighenergyconsumptionorwiththepotentialtopollutetheenvironment
shallnotbeused;

b) Oil-freehigh-voltagecircuitbreakershallbeselected;

c) Selectedlight-weightclosedhigh-voltageswitchgearcabinetshallmeetthefollowingrequire-
ments:

1) Preventthecircuitbreakerfrombeingopenedorclosedbymistake;
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2) Preventthedisconnectingswitchfrombeingturnedonoroffwithload;

3) Preventthegroundingwirefrombeingconnectedwithpoweron;

4) Preventpowersupplyswitchfrombeingturnedonwithgroundingwireconnected;

5) Preventtheoperatorfromenteringthelivecompartment.

d) Thelow-voltageswitchgearcabinetshallmeettherequirementsofIEC61439andIEC62208;

e) Thecablesshouldbelaidonthecableracksortreadedthroughthepipe.

7.5.9 Thehydropowerstationdesignedforunattendedoperation(orattendedbyfewerpeople)

shallbeequippedwiththereliableoperationpowersupply;theoperatingpowersupplyforthelow-
voltagegeneratorunitwithaunitcapacitylowerthan800kW maybeappropriatelysimplified;UPS
meetingthedemandsforswitchtrippingandelectricalcontrolmaybeused.

7.5.10 Thelightningprotectionsystemshallbeimprovedtosatisfythegroundingresistancere-
quirements.

7.5.11 Inthetechnicalrenovationofthepowerstation,theemergencylightingshallbeinstalled.
Thelightingshallbeconfiguredwithenergy-savingandenvironmentalprotectionproductsandbe
convenientformaintenance.

7.6 Automation

7.6.1 Fortheautomationtechnicalrenovationofthepowerstation,thecontrolmodeshallbede-
terminedaccordingtothecharacteristicsofthehydropowerstation,theoperationmodeandthe
schedulingrequirementsoftheelectricpowersystem.Theunattendedoperationwithfewerguardi-
ansshouldbeselected.

7.6.2 Thepowerstationdesignedforunattendedoperationwithfewerguardiansshallmeetthefol-
lowingrequirements:

a) Reliabledigitalprotectorshallbeestablished.Whentheprotectoracts,themachineshallbeable
tobeshutdownandthetelemetrysignalshallbesent;

b) Thefunctionsofone-keystart/stop,automaticfrequencyregulation,automaticvoltageregula-
tionandautomaticactive/reactivepowerregulationshallbeprovided;

c) Theremotecontroloperationfunctionshallbeprovided;

d) Thevideomonitoringsystemshouldbeinstalledandtheautomaticsavingfunctionshallbepro-
31

SHP/TG005-3:2019



vided;

e) Theburglaralarmshallbeinstalled.

7.6.3 Forthetechnicalrenovationoftheunitbrakingsystem,theautomaticbrakingdeviceshould
beinstalled.

7.6.4 Microcomputer-basedautomaticcontrolandmonitoringsystemselectedandprovidedforthe
renovationshallbesimpleandreliable.

7.6.5 Forthetechnicalrenovationofthepowerstation,thegatemonitoringsystembeestablished
torealizetheremotecontrolandmonitoringfunctions;therapidoperatinggatealsoshallhavethe
one-buttondropfunction.

7.6.6 Iftheconditionssopermit,thedamsafetymonitoringsystem,andthehydrologic(waterre-
gime)automaticobservationandreportingsystem maysharedatawiththemicrocomputer-based
monitoringsystemofthehydropowerstation.

7.6.7 Withregardtothepowerstationwiththelowvoltageunit,thedigitalmonitoring,protection
andexcitationall-in-onescreenwiththesimpleandreliablestructureshouldbeusedforthetechnical
renovationofthecontrolequipment.

7.6.8 TheprotectiongradeoftheelectricsecondarycabinetshallnotbelowerthanIP42.Thelight-
inganddehumidificationdeviceshouldbeinstalledinthecabinet.

7.6.9 Therenovationofthepowerstationshallbeequipped withreliablecommunication
equipment.Themobilecommunicationequipmentmaybeinstalledtomonitortheoperationalsitua-
tionofthehydropowerstation.

7.6.10 Therenovationofthepowerstationmayemploythecentralizedcontrolmodeforagroupof
powerstations.

7.7 Heatingandventilation,firecontrolandsafety

7.7.1 Thepowerstationwithtemperature,humidityandnoiselevelsexceedingthestandardshall
betechnicallyrenovated.

7.7.2 Thetechnicalrenovationofthefirecontrolshallmeettherelevantprovisionsofthelocal
government,andthefirefacilitiesshallbeinstalled.

7.7.3 Thelegiblesafetysignsandprotectionfacilitiesshallbeprovidedattheplaceswhichmayen-
dangerpersonalsafety.
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7.7.4 Anadditionalsafetyevacuationexitshallbeestablishedforthepowerdistributionequipment
roomwhichismorethan7minlengthandhasonlyoneexit.

7.7.5 Safetyprotectionmeasuresshallbetakenfortherotatingpartoftheunit,andlegiblesafety
warningsignsshallbeestablished.

7.8 Ecologicalflowdischargingfacility

7.8.1 Withregardtothehydropowerstationwhichcannotmeetthedischargingrequirementforec-
ologicalflow,theecologicalflowdischargingfacilityshallberenovatedoranewfacilityshallbe
built.

7.8.2 Themeasuresforensuringtheecologicalflowshallbetakeninlinewiththeprinciplesofad-
justingthemeasurestothelocalconditions,ifitistechnologicallyreasonableandeconomicallyprac-
tical.

7.8.3 Therenovationoftheecologicalflowdischargingfacilitymaybeundertakenwiththefollow-
ingmeasures:

a) Establishthe“smallunitfortheecologicalflow”andoperateitforalongtermtoundertakethe
taskofecologicalflowdischarging;

b) Forthehydropowerstationwiththebaseloadpowergenerationtask,theecologicalflow may
bedischargedinthepowergenerationprocess;

c) Forthepurposeofensuringtheecologicalflow,buildnew,orrenovatetheolddiversion,

waterreleasing,desiltinganddischargingfacilities;

d) Introducethesoftwareandhardwareforthejointdispatchingofthecascadehydropowerstation
toensurethattheecologicalflowintheriverchannelbetweencascadepowerstationsmeets
therequirements.

7.8.4 Theonlinemonitoringdevicefortheecologicalflowintheriverchannelshallbeestablished.
Oncetheecologicalflowisfoundtobeinsufficient,thereleasegate(valve),ifinstalled,maybe
openedinatimelymanner,orotherwiseothermeasuresmaybeundertaken.

8 Technicalperformanceindex

8.1 Aftertechnicalrenovationofthepowerstation,theunitpowerandtheunitefficiencyshall
meetthefollowingrequirements:

a) Theoutputpoweroftheunitshallreachorexceedthedesignrequirementforthetechnicalren-
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ovation;

b) Undertheratedcondition,theunitefficiencyshallnotbelowerthantheindicesinTable1,

whichshallbetakenfromhightolowaccordingtotheunitpower;thecomprehensiveefficiency
oftheimpulseturbinegeneratorunitmaybeappropriatelyreduced.

Table1 Unitefficiencyindexundertheratedworkingcondition

No. UnitpowerP(kW) Efficiencyindex

1 P≤100 60%

2 100<P≤250 70%

3 250<P≤500 75%

4 500<P≤3000 75%to85%,wheretheefficiencyoftheFrancisturbineunitis77%to85%

5 3000<P≤10000
81%to87%,wheretheefficiencyoftheFrancisturbineunitandthebulbtur-
bineunitis83%to87%

6 >10000
85to88%,wheretheefficiencyoftheFrancisturbineunitandthebulbturbine
unitis88%.

8.2 Theallocationoftheelectromechanicalequipmentshallbereasonable;therateofequipmentin
goodconditionshallreach100%forthepartofthetechnicalrenovation.

8.3 Afterthetechnicalrenovation,thenoiseoftheturbineandthegeneratorduringnormalopera-
tionshallmeetthefollowingrequirements:

a) Fortheverticalshaftturbine,thenoisemeasuredataposition1mabovethegeneratorpitfloor
shallnotexceed90dB(A)andthenoisemeasuredataposition1mfromthemanholeofthe
drafttubeshallnotexceed95dB(A).

b) Forthehorizontalshaftturbine,thenoisemeasuredataposition1mfromthemainshaftand
thedrafttubeshallnotexceed90dB(A).

c) Thenoisemeasuredataposition1mabovetheouteredgeofthecoverplateshallnotexceed
85dB(A)fortheverticalshaftgeneratorandthenoisemeasuredataposition1mfromtheout-
eredgeofthestatorshallnotexceed85dB(A)forthehorizontalshaftgenerator.

8.4 Afterthemainvalveisupdated,thewaterleakageshallmeettherelevantprovisionsofISO/

DIS5208.

8.5 Aftertheupdatedguidevaneisfullyclosed,thewaterleakageshallmeetthefollowingrequire-
ments:

a) Undertheratedhead,thewaterleakageshallnotbemorethan0.4% oftheratedflowofthe
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turbinewhenthenewtaperedguidevaneofthereactionturbineisfullyclosed;thewaterleak-
ageshallnotbemorethan0.3% oftheratedflowoftheturbinewhenthenewnon-tapered
guidebladeisfullyclosed.

b) ThenewnozzlesofthePelton,inclined-jetandcross-flowturbinesshallnotleakwaterwhen
theyarefullyclosed.

8.6 Thecavitation oftheturbine shall meettherelevantrequirements ofIEC 60609-1 or
IEC60609-2.
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