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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-Design
Part6-3:HydroMechanicalWorks

1 Scope

ThispartoftheDesignGuidelinessetsoutthecontentsandrequirementsfordesignofhydrome-
chanicalstructuresinansmallhydropower(SHP)station,andprovidesspecificrequirementsforthe
selectionandarrangementofhydromechanicalstructure,hydraulicdesigncalculationsandanti-corro-
sionmeasures.

2 Normativereferences

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

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Designcontentandrequirements

4.1 Hydromechanicalstructuresincludetrashracks,gates,trashrackcleaningmachineandhoist.
Duringthedesignoftheoveralllayout,typeselection,manufactureandinstallationofhydrome-
chanicalstructure,closecoordinationwithotherdisciplinesandoverallanalysisshallbecarriedout,

inordertoachieveanoptimaldesign.

4.2 Inthepreparationofthedesigndocumentsforhydromechanicalstructures,theprojecttasks,

operatingconditionsandrequirements,waterlevelcontrolrequirements,impactofwaterdischar-
gingandleakage,overallprojectlayoutandconstructionschedule,especiallythelayoutandcon-
structionarrangementofhydraulicstructuresshallbeunderstood.

1
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4.3 Basicdataofgatedesignshallincluderelevantregulationsornormsandenvironmentalprotec-
tionrequirementsorregulationsforprojectoperation.Thefollowingrelevantinformationshallalso
bepreparedaccordingtospecificcircumstances:

a) Engineeringtasksandlayoutofhydraulicstructures;

b) Gateopeningsizeandoperatingconditions;

c) Hydrologicaldata,sediment,waterquality,iceconditions,floatingmatterandmeteorological
conditions;

d) Conditionsforthematerials,manufacture,transportationandinstallationofthegate;

e) Earthquakeandotherspecialrequirements.

5 Selectionandlayoutofequipment

5.1 Generalrequirements

5.1.1 Theoveralllayoutofhydromechanicalstructuresshallbemainlytodeterminethelocationof
gatesandhoists,orificesize,gatetype,numberandoperationmodeandotherlayoutrequirements-
relatedtooperation.

5.1.2 Thelayoutandtypeofhydromechanicalstructuresshallbedeterminedthroughtechnicaland
economiccomparisoninthelightoftheoverallplanningoftheprojectandtheoveralllayoutofhy-
draulicstructures.Adesignschemeshallbereliableinquality,safeandapplicable,advancedintech-
nology,economicalandreasonable.

5.2 Layoutofgates

5.2.1 Thelayoutofthegatesinthehydraulicstructuresshallkeeptheflowsmoothandavoidthe
transverseflowandvorticesformingupstreamofthegate,andsubmergeddischargeandbackflow
downstreamofthegate.Whenagateissetupataninlet,watershallnotbeallowedtopassthrough
thebottomandoverthetopofthegatesimultaneously.

5.2.2 Forimportantdeep-bottom-orificegatesorhydraulicallyoperatedgates,thereasonable
layoutandshapeofthewaterwayshallbeselectedtoensuresoundhydraulicconditionsforgatesand
gateslots.

5.2.3 Whenahydraulicstructureisusedforflooddischargingorpowergenerationandtheorifices
arearrangedatdifferentelevations,theyshouldbestaggeredandnotoverlap.
2
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5.2.4 Gatesusedforwaterdiversionandpowergenerationsystemsshallbeselectedinaccordance
withtheprotectionrequirementsforturbine-generatorunitsandlayoutcharacteristicsofwaterdi-
versionandpowergenerationsystems,andwithoverallconsiderationofthelayout,typeandopera-
tionmodeofthegate.Ingeneral,onaheavysediment/silt-carryingriver,thesand-discharge
bottomholesorsand-dischargecorridorsshallbesetupadjacenttothewaterintakeofpowersta-
tion.

5.2.5 Theminimumnetdistancebetweentwogates,orbetweenthegateandthetrashrack,shall
meettherequirementsoftheconcretestrengthandimpermeabilityofthegategroove,thelayout
andoperationofthehoist,theinstallationandmaintenanceofthegateandhydraulicconditions,and
shouldnotbelessthan1.50m.

5.2.6 Thetopofanopen-topgateshallbeover0.3mto0.5mabovethepossiblemaximumretai-
ningwaterlevel.

5.2.7 Thehoistfortheworkinggateofthedischargeandsluicesystemwithfloodcontrolfunction
shallbeequippedwithastandbypowersupply.

5.2.8 Ifadequateventilationcannotbeprovidedbehindasubmergedgateofapermanentstructure,

anairventshallbeinstalledatthetopoftheorificeclosesttothedownstreamofthegate.Theopen
endoftheventshallbeseparatefromthehoistroom,andprotectivefacilitiesshallbeprovided.

5.2.9 Thepressureequilibriumfacilitiesofthegateshouldusethefillingvalvethatissetonthe
doorbody,alsomayuseinternodewaterfilling,smallopeningwaterfillingorothereffectivefacili-
ties.Theoperationofthepressureequilibriumfacilitiesshallbelinkedwiththeopeningandclosing
ofthegate,andasmallopeningtravelswitchshouldbeinstalledonthehoist.Thepressureequilibri-
umfacilitiesforthetailgateoftheunitshouldbefilledwithwaterfromthedownstreamendusing
theunitdrainagesystem.

5.3 Typeofgateandsizeoforifice

5.3.1 Thetypeofthegateshallbeselectedthroughtechnicalandeconomiccomparisoninthelight
oftheoperationrequirementsofthegate,theworkingconditionsofthegateandthetypeofthe
hoist.Thecharacteristicsofvarioustypesofthegatesshallalsobeconsidered.

5.3.2 Thesizeofthegateorificeshallmeettherequirementsoftheflowrate,thetotalwaterpres-
sureundertakenbythegate,theoperatingconditionsandtherequirementsforthemanufactureand
installationofthegateandthehoist.

5.3.3 Whenthewaterheadishigh,anorificewitharelativelysmallwidth-to-heightratioshouldbe
adopted;whenthewaterheadislow,anorificewitharelativelylargewidth-to-heightratioshould
beused.
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5.4 Hoist

5.4.1 Intheoverallarrangement,theadvantagesanddisadvantagesofvarioustypesofhoistsshall
becomparedtoanalyzetheoperationmodeofthegatehoist.Inadditiontoconsideringthefunction
ofhoistitself,thepossibilityand/ornecessityofotherapplicationsshallalsobeconsidered.

5.4.2 Thetypeofhoistmaybeselectedinaccordancewiththefollowingrequirements,inthelight
ofthegatetype,size,numberoforificesandoperatingconditions:

a) Fixed winchhoistorahydraulichoistshouldbeselectedforthegatethatisclosed by
deadweightoraddedweightandrequirestobefullyopenedwithinashorttime.

b) Hydraulichoistshouldbeselectedforthegatethatneedstobefullyopenedwithinashorttime
orhastherequirementsofdownward-pressing.

c) Movablehoistshouldbeselectedfortheplanegatewithmultipleorificeswhicharenotrequired
tobeopeneduniformlyatthesametime.Thenumberofhoistsshallbedeterminedinlightof
therequirementsfortheopeningtimesofthegate,andanappropriatenumberofbackuphoists
shallbeconsidered.Whenagantryhoistissetup,themaintenanceforthehydromechanical
structureontopofadamandforthedamitselfshallbeconsidered.

d) Screwhoistshouldbeselectedforthesmallgatethathasdownward-pressingrequirements.

e) Theopening/closingcapacityoftheselectedhoistshallnotbelessthanthecalculatedhoisting
capacityandamarginofsafetyshallbereserved.

5.4.3 Theliftofahoistmaybedecidedinlightoftheoperatingconditions,andshallmeetthefol-
lowingrequirements:

a) Theoverflowgatemaybeliftedto1mto2mabovethewatersurface.

b) Thequickshut-offgatemaybeliftedto0.5mto1.0mabovetheorifice.

c) Thegatemaybeliftedto0.5mto1.0mabovethemaintenanceplatformforinspection,repair
orreplacement.

5.4.4 Ifamovablehoistisusedtooperateamulti-orificegate,ortheboomisloadedandunloaded
frequentlyduringtheoperation,anautomatichangingbeamshouldbeadopted.Mechanicalorhy-
draulictypemaybeselectedinlightoftheoperatingconditions.Whenthegateisequippedwithan
automatichangingbeam,thefollowingrequirementsshallbesatisfied:

a) Theupstream waterstopshouldbesetupforthegate.Ifthegateisequippedwithadown-
streamwaterstop,attentionshallbepaidtothereliabilityoftheunderwateroperationofanau-
4
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tomatichangingbeam.

b) Duringtheunderwateroperationofanautomatichangingbeam,attentionshallbepaidtothe
impactofflowdisturbanceonitsstability.

c) Theconstructionandinstallationprecisionofthegateslotcanensurethattheautomatichanging
beamcanbeusedinmulti-orificeslots.

d) Theautomatichangingbeamshallbeequippedwithaguide,positioningandsafetydevices,as
wellasgas/waterdrainageholes.

e) Theautomatichangingbeamshallbetestedforstaticbalance.andthereshallbenoinclining,

blockingorstickingbeforeenteringtheslot.

f) Whentheoperatingtemperatureislowerthan0℃,measuresshallbetakentopreventthedis-
assemblypartsfromfreezingduringoperationorunderwater.

5.5 Manufacture,transportationandotherconsiderations

5.5.1 Intheoveralllayoutofthegate,themanufacturingmaterialsofthegateandthespareparts
requiredforshapingthegateshallbeasfewaspossible.Thestandardizedandtypedproductsshould
beadopted.

5.5.2 Specialdevicesandequipmentshouldbeavoidedintheprocessofgatemanufactureandas-
semblyandweldingduringinstallation.

5.5.3 Aplanegateshallbetestedforstaticbalance.Whenthetiltvalueofthegateexceedsthede-
signrequirements,theweightshouldbecounterbalanced.

5.5.4 Inthetransportationofequipment,itisadvisabletoadoptthegatetypesormaterialsthat
areeasytobedividedintoparts,smallandlightpiecesandlargestiffness,toavoidthesituation
thattheequipmentsizeexceedsthelimitorisoverweight.

5.5.5 Duringtheconstructionoroperationperiod,thestorage,assembly,maintenanceandlocking
placesofthegatesandtheircomponentsshallbedesignedandarrangedinageneralwaysoastofa-
cilitateoperation,maintenanceandsafety.

5.5.6 Accordingtothelocalclimateconditionssuchassunshine,temperature,rainfall,thunder,

hail,sand,etc.,thenecessityofsettingupahoistroomandthetypeofhoist,operationandmain-
tenanceconditions,aswellastheassembly,storageandmaintenanceplacesoftheabovegatecom-
ponentsshallbecomprehensivelyconsidered.Thehoistroomandassemblysiteshallbedesigned
withdueconsiderationtothesafetyandconvenienceofoperatingpersonnel.Structuralmeasures
shallbesetattheedgeofthegatewelltopreventsundriesfromfallingintothewell.

5
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5.5.7 Thelocationofbackuppowershallbereasonablyarranged.

5.5.8 Incoldandfrozenregions,anti-freezingmeasuresshallbetakenaccordingtolocalconditions
forthegatestructureandthegateslotwithoperationrequirementsinwinter.

5.6 Arrangementofhydromechanicalstructureforsurfacespillways

5.6.1 Thebulkheadgateandhoistingequipmentshallbedesignedinaccordancewiththefollowing
requirements:

a) Thebulkheadgateshouldbeinstalledupstreamoftheservicegateofthespillway.Thetypeof
bulkheadgatemaybeplaneslidinggate,orstoplog,floatingstoplogorfloatingbulkheadgate
basedontheactualsituationoftheproject.

b) Whenthereservoirwaterlevelisbelowthebottomthresholdofthegateforenoughcontinuous
timeeachyearandcanmeetthemaintenancerequirementsoftheservicegate,thebulkhead
gatemaynotbeset.However,iftheperiodisnotsuitableformaintenanceduetocoldweather
andotherreasons,thebulkheadgateshallbeinstalled.

c) Ingeneral,emergencygatemaynotbeinstalledinfrontofthegateforemerseddischargeori-
fice.However,forsomeprojects,orfortheservicegateofaspillwaywherethereisawood-
passingrequirement,anemergencygatemaybeinstalled.

d) Whenthespillwayisoperatedbyaplaneservicegateandamovablehoist,themaintenanceof
theservicegateanditsgateslotmaybesolvedbyadding1or2backupservicegate(s).

e) Whenamulti-orificeservicegateinawaterdischargingsystemisoperatedbyamovablehoist,

thebulkheadgatemaybeusedbymultipleorifices,andthespecificnumberofgatesrequired
shallbedeterminedbasedonfactorssuchasthenumberoforifices,theimportanceofthepro-
jectandtheapplicableconditionsandmaintenancerequirementsoftheservicegate.

5.6.2 Thetypeandelevationofsurfaceservicegatesshallbedeterminedbythefollowingfactors:

a) Thesurfacespillwayservicegateshallbeselectedbasedonfactorssuchastheoperatingre-
quirementsoftheproject,theoperatingconditionsofthegate,thetypeofhoist,andtechnical
andeconomicindicators;theplanegateandradialgatemaybeadoptedhere.

b) Ifthebottomedgeofthegateislocatedonthetopofthedam,itshouldbelocatedslightly
downstreamofthehighestweircrest.Ifthereisbulkheadgateupstreamoftheservicegate,

thepositionoftheservicegateshallalsomeettherequirementsofthearrangementofthehoist
andtheinstallation,operation,maintenanceandoverhaulofthegate;butitspositionshould
notbetoolow.
6
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5.6.3 Theoperatingequipmentofthespillwayandservicegatesshallbeprovidedwithnotonlyre-
liablecommonpowersupplybutalsostandbypower.Adieselgeneratorunitisusuallyadoptedas
thestandbypower.Forhoistingequipmentwitharelativelysmallhoistingcapacity,amanuallyoper-
ateddeviceshallbeusedasstandbypower,buttheopeningtimeofthegateshallmeettherequire-
mentsofflooddispatching.

5.7 Arrangementofhydromechanicalstructurefordeep-typedrainagesluices

5.7.1 Theemergencygate,bulkheadgateandhoistingequipmentshallbedesignedinaccordance
withthefollowingrequirements:

a) Adeep-typedrainagesluiceshallbeequippedwithanemergencygate,whichshallnotonlybe
abletoclosetheorificeinrunningwaterifanaccidentoccursupstreamordownstreamofthe
servicegate,butshallalsobeusedtoretainwaterorusedasabulkheadgateinnormalopera-
tion.

b) Thepositionofadeep-orificeemergencygate,andtheshapeofthegateslot,shallbefavoura-
bleforimprovingthehydraulicconditionsofthewaterwayorinletsection,andshallnormally
beselectedbyreferencetosimilarexperienceofthecompletedprojectsorthroughnecessary
hydraulicmodeltest.

c) Whenthedeep-typedrainagesluiceisanon-pressureorifice,andthereisamobilehoistforthe
operationofthegate,itmaybeconsideredthatoneinletemergencygatesharedbyseveralori-
fices.However,ifthedeep-typedrainagesluiceisapressureorifice,andtheservicegateisset
upattheoutlet,theneveryorificemaybeequippedwithaseparateemergencygate.

d) Ifthewaterleveldownstreamofadeep-typedrainagesluiceoftensubmergesthebottomsill,a
downstreambulkheadgateshallbesetupifnecessary.

e) Asand-dischargingorificeshallbelocatedascloseaspossibletotheareasrequiringsanddis-
charge,suchasthewaterinletforpowergenerationorirrigation,ortotheheadofshipgate.
Usuallytheinletsectionofsand-dischargingorificeshallbeequippedwithaninletgate.Depen-
dingonthespecificconditionsofasand-discharginggate,ahigh-pressurewatergunmaybeset
upifnecessary.

5.7.2 Thetypeofdeep-orificeservicegatemaybedeterminedinaccordancewiththefollowingre-
quirements:

a) Radialgate:aradialgatemaybepreferentiallyselectedasthedeep-orificedrainagecontrol
equipment.Ifthesizeofthegateorificeisrelativelylargeandtheoperationalheadofwateris
morethan50m,orifthehydraulicconditionsofadeep-orificeservicegateisimprovedandthe
gateisrequiredtobepartiallyopen,aradialgateshouldbeselected.
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b) Planegate:theplanegatemaybeusedwhentheoutletarrangementofthein-damdrainagewa-
terwayinthearchdamisimprovedorwhenthedeep-orificegateisnotpartiallyopened,and
thegateslotisproperlydesigned.

c) Conicalvalve:whenthelayoutconditionscanproperlysolvetheadverseeffectsoffreejetson
thedownstreambuildingandequipmentofthepowerstation,aconicalvalvemaybeadopted
asdeep-orificeservicegate.

5.7.3 Thedeep-orificeservicegateandhoistingequipmentshallbedesignedinaccordancewiththe
followingrequirements:

a) Theservicegateshallbeinstalledattheendofapressureconduit,andthenon-pressurefree-
flowsectionshallbeconnectedbehindthegate.Thepressuresectioninfrontofthegateshall
maintainacertaincontractionrate,andtheinlet-to-outletarearatiomaybe1.5to1.7.

b) Thenon-pressurefree-flowsectionofadeep-typedrainagesluiceshouldbestraight.Ifthereare
curvesinthedischargingconduit,theservicegateshouldbelocatedonthestraightsection
downstreamofthelastcurvewherethewaterflowssmoothly.

c) Whentheservicegateisinstalledinthemiddlesectionofadeepdrainagechannel,thein-orifice
pressuremaybeincreased,andthepressuredistributionconditionattheinletandnearthegate
slotcanbeimprovedbyselectinganappropriateoutletcontractionplateandpressureslopeline
forthesluice.Inthecourseofopening/closingagate,thealternativeoccurrenceofpressure
flowandnon-pressureflowshallbeavoided.Whentheservicegateandhoistaresetupatthe
outletofapressureorifice,aradialgatemaybeadopted,butattentionshallbepaidtohandle
thesupportingstructureofthethrusttransferoftheradialgate.Ifaplanegateisselectedfor
theoutlet,thesupercavitationjetgateslotmaybeusedtoimprovethehydraulicconditions.

5.8 Arrangementofhydromechanicalstructureforwaterdiversionandpowergeneration
systems 

5.8.1 Thetrashrack,trashremoverandhoistingequipmentattheintakeworksshallbedesignedin
accordancewiththefollowingrequirements:

a) Thetrashrackshallbedesignedandinstalledbasedontheimportanceofthepowerstationand
thenature,andexpectedquantity,ofthetrash.Inthelayoutdesign,conditionssuchaswater
flowdirectionandfavourabletopographicallocationshouldbeutilizedsothattheaccumulation
oftrashinfrontoftrashrackisavoidedorreduced.Thedesignshouldalsoseektoensurethat
theincomingwaterflowissmooth,theresistancelossisminimized,theracksareeasyto
clean,andeasytoinstall,maintainandreplace.Thearrangementofthetrashracksshallmeetthe
requirementsofthewaterintakeofthehydropowerstation.

b) Thedesignloadofthetrashrackshallbedecidedaccordingtothenature,quantityandcleaning
8
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measuresofriversewage.Thesewagebarrierofthewaterdiversionpowergenerationsystem
shouldbedesignedwith2mto4m,andthespecialcasesshouldbeanalyzedanddetermined.
Forriverswithlargeamountofsewageandpoordecontaminationconditions,thedesignhead
shouldberaisedappropriately.

c) Thetrashremovalfromtrashracksmayincludemanualmode,mechanicalmodeandracking-lift-
ingmode.

5.8.2 Thebulkheadgateandhoistingequipmentatthewaterintakeshallbedesignedinaccordance
withthefollowingrequirements:

a) Thebulkheadgateshouldbesetupatthewaterinlet.Asforthetypeofbulkheadgate,aplane
slidinggatemaybeselected.

b) Iftheutilizationhoursoftheturbine-generatorunitinapowerstationarerelativelysmall,the
stoptimeisrelativelylong,themaintenancerequirementsofanemergencygateoraquickshut-
offgate maybesatisfied,andtheappropriatesafety measuresaretakenforembedded
partssuchasgateslotstoensureconstructionquality,thewaterintakebulkheadgatemaybe
omitted. 

c) Whenthewaterintakebulkheadgateofapowerstationwithseveralturbine-generatorunitsis
operatedbyamovablehoist/gantrycrane,severalorificesmayshareonegate.Thenumberof
gatesshallbedeterminedbasedonfactorssuchasthenumberoforifices,theimportanceofthe
project,andtheapplicationandmaintenanceconditionsofemergencygatesorquickshutoff
gates.Ingeneral,oneintakebulkheadgatemaybesetupforthreetosixturbine-generatorunits;

iftherearemorethansixturbine-generatorunits,oneadditionalhoistmaybesetupforevery
fourtosixadditionalturbine-generatorunits.

d) Thebulkheadgateandtrashrackmaysharethesameslot.Thearrangementofthegateslotand
itsembeddedpartsshallmeettheopening/closingrequirementsofthegateandtrashrack,and
thestructuralstrengthshallalsobedesignedinaccordancewiththebulkheadgate.

5.8.3 Theemergencygateandhoistingequipmentattheintakeshallbedesignedaccordingtothe
followingrequirements:

a) Whenunitsorpenstocksrequireaccidentprotectionofthegate,quickshutoffgatesand
bulkheadgatesshallbeinstalledattheintakeofthepowerstationatthedamtoe.Foradiver-
sionpowerstation,thequickshutoffgateshouldbeinstalledattheheadendoftheunder-
groundburiedpenstockwithoutawaterinletvalveinfrontoftheopenpenstockandthetur-
bine;andtheemergencygateshouldbeinstalledattheentrancetothelongdiversionchannel.
Forriverbedhydropowerstations,whentheunithasareliableanti-runawaydevice,itsintake
shouldbeequippedwithanemergencygateandanbulkheadgate.Afterthedemonstration,if
theemergencygatehasmaintenanceconditions,itisnotnecessarytoinstallthebulkheadgate.

9
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Foratubularturbinepowerstation,atrashbarrierandabulkheadgate(oremergencygate)

shallbeinstalledattheintake,andanemergencygate(orbulkheadgate)shallbeinstalledat
thetailwateroutlet.

b) Theemergencygateshallbeinstalledbasedontheemergencyprotectionrequirementsofthe
turbine-generatorunitsorpenstocks.Whentheunithasanaccidentandthediversionmecha-
nismfailstoclose,orwhenthepenstockhasanaccident,theemergencygateshallbeableto
closethegate.Ifthediversionconduitortheturbine-generatorunitisundermaintenance,the
emergencygatemaybeusedtoretainwaterandusedasabulkheadgate.

c) Fordiversion-typepowerstations,thebulkheadgateoremergencygateshallbeinstalledatthe
inletofthediversionconduit.Thequickshutoffgateoremergencygateshouldbesetupatthe
inletofthepenstockatthelocationofthesurgeshaftwithinthelongdiversionconduit.

d) Ifthequickshutoffgateoremergencygateofahydropowerstationislocatedinthesurgeshaft
andoftenstaysinthegateslot,theadverseimpactofasurgeeventinthesurgeshaftonstop-
pingorloweringofgateshallbeconsidered.

e) Theclosingtimeforaquickshutoffgateshallmeettherequirementsforrunawaypreventionof
theturbinegeneratorunitandforpenstockprotection.Itsloweringspeedwhengettingcloseto
thesillshouldnotbemorethan5m/min.

f) Thehoistingequipmentofaquickshutoffgateshallhavebothalocaloperatingsystemanda
remoteoperatingsystemandshallbeequippedwithareliablepowersource.

g) Theemergency(quickshutoff)gateandbulkheadgateatthewaterintakeofapowerstation
shouldopenedinstaticwater.Areliablepressuremeasuringfacilityshallbeinstalledatthewa-
terintakeofthepowerstation.

5.8.4 Thetailwatergateandhoistingequipmentshallbedesignedinaccordancewiththefollowing
requirements:

a) Thetailwaterbulkheadgateshouldopened/closedinstaticwater.Foratubularturbinepower
stationwithbulkheadgatesattheintake,theemergencygateshallbeinstalledattailwaterout-
let.

b) Ingeneral,aplaneslidinggateshallbeadoptedasthetailwaterbulkheadgate.Twotailwater
bulkheadgatesmaybeinstalledforthreetosixturbine-generatorunits;iftherearemorethan
sixturbine-generatorunits,oneadditionalhoistmaybesetupforeveryfourtosixadditional
turbine-generatorunits.Amovablehoistshouldbeinstalledwhengateholesareshared.

c) Toequalizethepressureonthetailwatergate,thewatershouldbedivertedfromtailwaterinto
thedrafttube.
01
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No. Diagramofwaterpressure Calculationformula

1

Totalwaterpressure:

PositionofactingpointofforceP:Hc=
2
3Hs

2

Totalwaterpressure:P=
1
2γ(H2

s-H2
x)BZS

PositionofactingpointofforceP:Hc=
1
3 2Hs-

H2
x

Hs+Hx
( )

3

Totalwaterpressure:P=
1
2γ 2Hs-h( )hBzs

PositionofactingpointofforceP:Hc=Hs-
h
3

·3Hs-2h
2Hs-h

4

Totalwaterpressure:P=γ(Hs-Hx)hBZS

PositionofactingpointofforceP:Hc=Hs-
1
2h

5

Totalwaterpressure:P=
1
2γ[(2Hs-h)h-H2

x]BZS

PositionofactingpointofforceP:

Hc=
3HsH2

x-H3
x-6H2

sh+6Hsh2-2h3

3H2
x-6Hsh+3h2

11

Table1 Calculationofstatic waterpressure

ble1.
6.1.1 ThestaticwaterpressureappliedtoagatemaybecalculatedbythemeansofformulasinTa- 

6.1 Calculationofloadonagate

6 Hydraulic designandcalculation
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Table1(continued)

No. Diagramofwaterpressure Calculationformula

6

P=
1
2γH2

sBZS

Vs=
1
2γR2 πϕ

180+2sinϕ1cosϕ2-
1
2
(sin2ϕ1+sin2ϕ2)[ ]B

Px=
1
2γH2

xB

Vx=
1
2γR2 πβ

180+2sinβ1cosϕ2-
1
2
(sin2β1+sin2ϕ2)[ ]B

Totalwaterpressure:

P= (Ps-Px)2+(Vs-Vx)2

7

ϕ1<ϕ2

Ps=
1
2γH2

sB

Vs=
1
2γR2 πϕ

180-2sinϕ1cosϕ2-
1
2 sin2ϕ2-sin2ϕ1( )[ ]B

Px=
1
2γH2

xB

Vx=
1
2γR2 πβ

180+2sinβ1cosϕ2-
1
2
(sin2β1+sin2ϕ2)[ ]B

Totalwaterpressure:

P= (Ps-Px)2+(Vs-Vx)2

8

ϕ1>ϕ2

Ps=
1
2γH2

sB

Vs=
1
2γR2 πϕ

180-sin2ϕ2-sin(ϕ1-ϕ2)-2sinϕsin2 ϕ1-ϕ2

2( )[ ]B

Px=
1
2γH2

xB

Vx=
1
2γR2 πϕ

180+2sinβ1cosϕ2-
1
2 sin2β1+sin2ϕ2( )[ ]B

Totalwaterpressure:P= (Ps-Px)2+(Vs-Vx)2
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Table1(continued)

No. Diagramofwaterpressure Calculationformula

9

Ps=
1
2γ(Hs+H's)hB

Vs=
1
2γR2 πϕ

180+2sinϕ1cosϕ2-
1
2
(sin2ϕ1+sin2ϕ2)+[

2H's
R
(cosϕ1-cosϕ2)]B

ThecalculationformulasforPx,VxandParethesameasthosein

thisTableitem6

Where:

Ps —istheupstreamhorizontalcomponentforce,inkN;

Vs —istheupstreamverticalcomponentforce,inkN;

Px —isthedownstreamhorizontalcomponentforce,inkN;

Vx —isthedownstreamverticalcomponentforce,inkN;

Hs —istheupstreamwaterhead,inm;

Hx —isthedownstreamwaterhead,inm;

R —isthecurvatureradiusofthefaceplateofradialgate,inm;

γ —istheunitweightofwater(Ingeneral,10kN/m3 maybe

usedforfreshwater);

BZS—istheintervalofwaterstopsonbothsides,inm;

B —isthewidthoftheorifice,inm;

h —istheheightofgate(theheighttothetopwaterstop),inm.

6.1.2 Thedynamicwaterpressureappliedonthegatemaybecalculatedinaccordancewiththefol-
lowingprovisions:

a) Foraservicegatethatisoftenoperatedindynamicwaterconditionsunderahighwaterheador
isoftenoperatedpartiallyopen,thedifferentdynamicloadsundertakenbydifferentcomponentsof
thegateshallbeconsideredinthedesign,whilethestaticloadonthedifferentcomponentsof
thegatemaybemultipliedbydifferentdynamiccoefficientsinaccordancewiththetypeand
flowconditionsofthegate.Thevalueofthedynamiccoefficientshouldbebetween1.0and1.2.
Asforthemainbeamandsupportingarmofanemersedradialgate,thevalueofthedynamicco-
efficientshouldbebetween1.1and1.2.Thedynamiccoefficientsofimportantservicegates
withcomplicatedflowconditionsshallbespeciallystudied.Thedynamiccoefficientshallnotbe
consideredinthecalculationoftherigidityofgate.
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Figure1—Schematicdiagramofbottomedgeofgate

b) WhenthetypeofbottomedgeindicatedinFigure1isadopted,theupliftforcemaybecalculat-
edbyusingtheFormula(1):

Pt=γβtHsD1Bzs …………………………(1)

where

Pt   istheupliftforce,inkN;

Hs,D1 seeFigure1,inm;

Bzs istheintervalofwaterstopsonbothsides,inm;

γ istheunitweightofwater,inkN/m3;

βt istheUpliftforcecoefficient.Inthecalculationofthegateclosingforce,itshallbe
consideredthatthegateisfullyclosed,andβt=1.0;inthecalculationoftheholding
force,itmaybeconsideredfordifferentopeningpositionsofthegate,andβtmaybe
determinedbyreferencetoTable2andshallbeverifiedthroughhydraulicmodeltesting
forspecialcircumstances;thevaluesofβtgiveninTable2areapplicabletothefree-
flowstatebehindthegate,andforsluicewaygates,0<a<0.5H(whereHistheori-
ficeheightofdiversionchannel);forquickshutoffgatesforapowerstation,0<a<ak

(whereakisthecriticalopeningforthetransitionfromfreetopressurizedflowbehind
thegatewhenthequickshutoffgateofthepowerstationisclosed;thismaybecalcu-
latedbasedonexperienceofsimilarcompletedprojectsorbyreferencetotherelevant
testingandstudyreports;itmaybedeterminedthroughhydraulicmodeltestingifnec-
essary.Undernormalcircumstances,itmaybetemporarilyestimatedasak=0.5H).
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Table2 Upliftforcecoefficientβt

α (°)
a/D1

2 4 8 12 16

60° 0.8 0.7 0.5 0.4 0.25

52.5° 0.7 0.5 0.3 0.15 —

45° 0.6 0.4 0.1 0.05 —

Notes:a —istheopeningheightofgate,inm;

D1—isthedistancefrombottomwaterstopofgatetoupstreamfaceplate,inm;

α —istheupstreaminclinationofbottomedgeofgate(SeeFigure1).

c) ThedownwardsuctionmaybecalculatedbytheFormula(2).Whenthearrangementofthebot-
tomedgeofthespillwaygate,sluicegateandfreeflowtunnelgateinthedammeettherequire-
mentsofFigure1,andthedownstreamflowstateisgoodandtheventilationissufficient,the
calculationofdownwardsuctionmaybeomitted:

Ps=psD2Bzs …………………………(2)

where

Ps isthedownwardsuction,inkN;

D2 isthedistancefromthewaterstopatthebottomedgeofgatetotheloweredgeofthe
mainbeam,inm;

ps istheaveragedownwardsuctionatD2sectiononthebottomedgeofgate,tobecalculated
onthebasisof20kN/m2.Whentheflowstateisgood,thegateiswellventilatedandthe
requirementsforthearrangementofthebottomedgeofthegateinFigure1aresatisfied,

thesuctionmaybedecreasedappropriately.

6.1.3 ThehorizontalsiltpressureappliedonagatemaybecalculatedinaccordancewiththeFormu-
la(3)andtheFormula(4).Whenthewater-retainingfaceofthegateistilted,theverticalsiltpres-
sureshallbecalculated.

Pn=
1
2γnh2

ntan2 45°-ϕ
2

æ

è
ç

ö

ø
÷B …………………………(3)

γn=γ0- 1-n( )γw …………………………(4)

where

Pn isthesiltpressure,inkN;
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γn isthebuoyantunitweightofsilt,inkN/m3;

γ0 isthedryunitweightofsilt,inkN/m3;

γw istheunitweightofwater,inkN/m3;

n istheporosityofsilt;

hn isthethicknessofsiltaccumulatedinfrontofthegate,inm;

B isthewidthofsiltaccumulatedinfrontofthegate,inm;

ϕ istheinternalfrictionalangleofsilt,in(°).

6.1.4 TheimpactforceoffloatingmaterialsmaybecalculatedinaccordancewiththeFormula(5):

Pz=
Wpv
gt

…………………………(5)

where

Pz istheimpactforceoffloatingmaterial,inkN;

Wp istheweightoffloatingmaterialinkN,whichistobedeterminedonthebasisofactualsurvey
offloatingmaterialintheriver;

v istheflowvelocity,inm/s;

g isthegravitationalacceleration;

t istheimpacttimetobeestimatedbasedonactualdata,ins.

6.2 Calculationofgatehoistingcapacity

6.2.1 Thehoistingcapacityofaplaneverticalgateshallbecalculatedinaccordancewiththefollow-
ingmethods:

a) Thecalculationofthegatehoistingcapacityindynamicwatershallincludethecalculationofthe
gateclosingforce,theholdingforceandthegateopeningforce.

1) ThegateclosingforceshallbecalculatedinaccordancewiththeFormula(6).Whenthecal-
culationresultisapositivevalue,the‘weight’mustbeadded(the‘weight’elementsin-
cludetheweightingblock,the watercolumnorthe mechanicallydownward-pressing);
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whenthecalculationresultisanegativevalue,thegatecanbeclosedbyvirtueofitsdead
weight.

Fw =nT Tzd +Tzs( ) -nGG+Pt …………………………(6)

2) TheholdingforceshallbecalculatedinaccordancewiththeFormula(7):

FT=n'GG+Gj+Ws+Px-Pt-(Tzd+Tzs)……………………(7)

3) ThegateopeningforceshallbecalculatedinaccordancewiththeFormula(8):

FQ =nT(Tzd+Tzs)+Px+n'GG+Gj+Ws ……………………(8)

4) Thefrictionalresistanceoftherollerintheslidingbearingshallbecalculatedinaccordance
withtheFormula(9):

Tzd=
P
R
(f1r+f) …………………………(9)

5) Thefrictionalresistanceofrollintherollingbearingshallbecalculatedinaccordancewith
theFormula(10):

Tzd=
Pf
R

R1

d +1
æ

è
ç

ö

ø
÷ …………………………(10)

6) Thefrictionalresistanceoftheslidingsupportshallbecalculatedinaccordancewiththe
Formula(11):

Tzd=f2P …………………………(11)

7) ThefrictionalresistanceofthewaterstopshallbecalculatedinaccordancewiththeFormula
(12):

Tzs=f3Pzs …………………………(12)

where

Fw,FT,FQ isthegateclosingforce,holdingforceandgateopeningforce,respectively,

inkN;

nT isthefrictionalresistancesafetycoefficient,whichshallbe1.2;
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nG isthegatedead-weightcorrectioncoefficientusedforthecalculationofgate
closingforce,whichshallbe0.9to1.0;

n'G istheGatedeadweightcorrectioncoefficientusedforthecalculationof
holdingforceandopeningforce,whichshallbe1.0to1.1;

G istheGatedeadweight,inkN(theweightofthesuspendershallbeinclud-
ed,ifany);forcalculation ofgateclosingforce,the weightofthe
suspendershallnotbeincluded,andthefloatingweightmaybetakenasthe
weightofgate;

WS isthewaterloadongate,inkN;

Gj istheweightofweightingblock,inkN;

Pt istheupliftforce,inkN;includingupliftforceofbottomedgeanduplift
forceofwaterstop.Theupliftforceofthebottomedgemaybecalculatedin
accordancewithFormula(1);

Px isthedownwardsuction,inkN,whichmaybecalculatedinaccordancewith
theFormula(2);

Tzd isthefrictionalresistanceofsupport,inkN;

P isthetotalwaterpressureappliedongate,inkN;

r istheradiusofrollershaft,inmm;

R1 istheaverageradiusofrollingbearing,inmm;

R istheradiusoftheroller,inmm;

d isthediameterofrollerorballofrollingbearing,inmm;

f istherollingfrictionalarm,inmm,tobedeterminedinaccordancewithAp-

pendixA;

Tzs isthefrictionalresistanceofwaterstop,inkN;

Pzs isthepressureappliedonwaterstop,inkN;
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f1,f2,f3 istheslidingfrictionalcoefficients,tobedeterminedinaccordancewithAp-

pendixA(theminimumvalueshallbetakenforthecalculationoftheholding
force,andthemaximumvalueshallbetakenforthecalculationofthegate
openingforceandgateclosingforce).

b) Foragateopenedinstaticwater,thecalculationofitshoistingcapacityshallinvolvethefric-
tionalresistancecausedbythewaterleveldifference,thedeadweightofthegateaswellasthe
weightoftheweightingblock.Foremersedgatesandtailwatergates,thewaterleveldiffer-
enceshallbenomorethan1m;forsubmergedgates,thewaterleveldifferenceof1mto5m
shallbeadopted.Incasesofsiltordirtsedimentation,thedifferenceallowedmaybeincreased
appropriatelybasedonactualsituations.

6.2.2 Theradialgatehoistingcapacityshallbecalculatedinaccordancewiththefollowingmethods:

a) TheclosingforceshallbecalculatedinaccordancewiththeFormula(13).Whenthecalculation
resultisapositivevalue,theweightshallbeadded;whenthecalculationresultisanegative
value,thegatecanbeclosedunderitsowndeadweight.

FW =
1
R1

nT(Tzdr0+Tzsr1)+Ptr3-nGGr2[ ] …………………(13)

b) TheopeningforcemaybecalculatedinaccordancewiththeFormula(14):

FQ =
1
R2

nT(Tzdr0+Tzsr1)+n'GGr2+GjR1+Pxr4[ ] …………(14)

where:

r0,r1,r2,r3,r4 istheactingarmoffrictionalresistanceoftherotatinghinge,frictionalre-
sistanceofthewaterstop,deadweightofthegate,upliftforceanddown-
wardsuctioninrelationtothemovingcentreoftheradialgate,inm.

R1,R2 istheactingarmoftheadditionalweight(orthedownwardforce)andgate
openingforcerelativetothemovingcentreoftheradialgate,inm.

Tzs istheFrictionalresistanceofthewaterstop,tobecalculatedinaccordance
withtheFormula(12).

Themeaningsofothersymbolsarethesameasabove.

c) Duringtheopening/closingofaradialgate,theactingpoint,directionandarmofforcewill
changeasthegatemoves.Therefore,ifnecessary,thecurveofopening/closingforcemaybe
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drawntodeterminethemaximumvalue.

6.2.3 Theliftingforceofthetrashrackshallbecalculatedinaccordancewiththefollowingmeth-
ods:

a) Instaticwater,theliftingforcemaybecalculatedinaccordancewiththeFormula(15):

FQ ≥n'GG+nmm …………………………(15)

where

FQ istheliftingforceoftrashrack,inkN;

nm istheoverweightcoefficientoftrash,whichshallbe1.2;

m istheweightoftrash,inkN,tobedeterminedontheassumptionthatthegrillesarepar-
tiallyblocked,andtheblockageareashallbedecideduponrelativetotheamountoftrash;

G isthedeadweightofthetrashrack,inkN;

n'G isthedead-weightcorrectioncoefficient,whichshallbebetween1.0and1.1.

b) Whenliftingindynamicwater,theliftingforceshallbecalculatedaccordingtotheFormula
(15),andtheimpactofwaterleveldifferencecausedbypartialblockageoftrashrackshallalso
beconsidered,andthewaterleveldifferenceselectedshallnotbemorethan2m.

6.3 Calculationoftheventholearea

6.3.1 Foraservicegateoremergencygatesetupinasluicepipe,theareaoftheventholebehind
thegatemaybecalculatedinaccordancewiththeempiricalFormula(16)andFormula(17),ormay
becalculatedinaccordancewiththesemi-theoreticalandsemi-empiricalFormula(18),Formula
(19)andFormula(16):

Aa≥
Qa

va[ ]
…………………………(16)

Qa=0.09vwA …………………………(17)

β=
Qa

Qw
=K(Fr-1)[aln(Fr-1)+b]-1 ……………………(18)
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Fr=
v

9.81e
…………………………(19)

where

Aa  isthesectionalareaofventhole,inm2;

Qa isthefullventilationcapacityofventhole,inm3/s;

[va] istheallowableairvelocityofventhole,inm/s,whichshallbesetas40m/s(or50m/s
forasmallgate);

vw istheflowvelocityatgateorifice,inm/s;

A istheareaofconduitbehindgate,inm2;

β istheair-waterratio,namelytheratiobetweenflowrateofairandflowrateofwaterdis-
charged;

Qw istheflowratewhenthegateisatagivenopeningheight,inm3/s;

Fr istheFroudenumberofcross-sectionofgateorifice;

v istheaverageflowvelocityatcrosssectionofgateorifice,inm/s;

e istheopeningheightofgate,inm;

K、a、bisthecoefficientforeverysection.SeeAppendixB.

6.3.2 Theareaoftheventholebehindaquickshutoffgateinawaterdiversionandapowergenera-
tionconduitmaybeselectedaccordingto4percentto7percentoftheareaofthepowergeneration
conduit;andtheareaoftheventholeofanemergencygatemaybereducedasappropriate.

6.3.3 Theareaoftheventholebehindabulkheadgatemaybeselectedbasedonthespecificsitua-
tion,andshouldnotbelessthantheareaofthechargingconduit.

6.4 Typeselectionandcalculationoftheslotofaplanegate

6.4.1 Forthetypeofgateslotforaplanegateinawaterdischargingsystem,theType-IandType-II

gateslotsmaybeselected.TheirapplicabilityandshapeparametersaredetailedinTable3.
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Table3 Types,shapeparametersandapplicabilityofplanegateslots

Type Diagram
Parametersofgeometricshape

ofgateslot
Applicability

Ⅰ

① Verygood width-depthratio
W/D=1.6to1.8;

② Appropriatewidth-depthratio
W/D=1.4to2.5;

③ Theempiricalformulaforthe
initialcavitationnumberofthe

gateslotis:Ki=0.38(W/D)
(thisformulaisapplicabletoW/

D whichis1.4to3.5)

① Gateslotofanemergencygateina
drainagesluice,andthegateslotofabulk-
headgate.
② Gateslotofaservicegateontopofan
overflowdamofwhichthewaterheadis
lowerthan12m.
③ Gateslotofanemergencygateorquick
shutoffgateatthewaterinletofapower
station.
④ Gateslotofaservicegateinadrainage
sluice,wheretheflowcavitationnumber,

K,ismorethan1.0(approximatelyequiva-
lenttothesituationwhenthewaterheadis
lowerthan30mortheflowvelocityisless
than20m/s).

Ⅱ

① Appropriatewidth-depthratio
W/D=1.5to2.0.
② Verygoodoffsetratio⊿/W
=0.05to0.08.
③ Verygoodsloperatio⊿/X=
1/10to1/12.
④ VerygoodfilletradiusR=
30mm to 50 mm orrounded
cornerratioR/D=0.10.
⑤ Theinitialcavitationnumber
ofthegateslotisKi=0.4to0.6
(tobeselectedbasedonexisting
researchresultsandexperience
ofsimilarprojects).

① Gateslotofaservicegateinadrainage
sluice,wheretheflowcavitationnumber,

K,ismorethan0.6(approximatelyequiva-
lenttothesituationwhenthewaterheadis
30mto50m,ortheflowvelocityis20m/s
to25m/s).
② Gateslotofanemergencygatewithhigh
waterheadandshortconduit,ofwhichthe
flow cavitationnumber,K,is morethan
0.4andlessthan1.0.
③ Gateslotofaservicegatewhichmust
frequentlybeopenedpartiallyandofwhich
theflow cavitationnumber,K,is more
than0.8.
④ Gateslotofaservicegateontopofan
overflowdamofwhichthewaterheadis
lowerthan12 m andtheflow cavitation
number,K,ismorethan0.8.

6.4.2 Ifthestructurenearthegateslothasaspecialshapeortheflowstateiscomplicated,orif
theservicegateisrequiredtofrequentlybepartiallyopenandtheabove-mentionedtwotypesof
slotscannotmeettheneeds,anappropriatetypeofgateslotmaybeselectedbyreferencetoopera-
tionalexperiencefromcompletedprojectsandthroughhydraulicmodeltesting;thisenablesreasona-
blemeasuresormethodstoincreasetheflowcavitationnumber,K,inthegateslottobedeter-
mined.
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6.4.3 Whentheflowcavitationnumber,K,islessthan0.6(approximatelyequivalenttoasituation
wherethewaterheadishigherthan60mortheflowvelocityismorethan30m/s),theType-IIgate
slotoranotherspecialtypeofslotshallbeselected.Basedonthespecificconditionsoftheproject,

theliningshallbemadeofsteelplateorlow-water-cement-ratiohigh-strengthconcreteorothercor-
rosive-resistantmaterials;theseshouldbeappliedtoareasontheupstreamanddownstreamsides
ofthegateslot.Duringconstruction,theshapeshallbemaintainedaccuratelyandthesurfaceshall
beplane.

6.4.4 Theflowcavitationnumber,K,maybecalculatedbyusingtheFormula(20):

K=
(P1+Pa-PV)/γ

v2

(2g)

…………………………(20)

where

P1 istheAveragepressureonthecrosssectionimmediatelyadjacenttotheupstreamsideofthe-
gateslot,inkPa;

Pa istheatmosphericpressure,inkPa.SeeFigure2;

PV isthesaturatedvapourpressureofwater,inkPa.SeeFigure3;

γ istheunitweightofwater,inkN/m3;

v istheverageflowvelocityonthecrosssectionimmediatelyadjacenttotheupstreamsideof
thegateslot,inm/s;

g isthegravitationalacceleration,inm/s2.

  Atmosphericpressure(kPa)

Figure2—Curveforrelationshipbetweenatmosphericpressureandelevation
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Saturatedvapourpressure(kPa)

Figure3—Curveforrelationshipbetweensaturatedvapourpressureofwaterandtemperature

6.4.5 Basedontheflowcavitationnumber,K,nearthegateslot,theappropriatetypeofgateslot
maybeselected.IfKi<K,thenthistypeofgateslotwillnotgenerallycausecavitation.Forasafety
allowanceforK>Ki,thesafetycoefficientn=1.2to1.5maybeselectedbasedontheimportance
andoperatingconditionsofthegate,soastoensurethatK≥nKi.

7 Anti-corrosionofhydromechanicalstructures

7.1 Generalrequirements

7.1.1 Duringthedesignofhydro mechanicalstructure,theanti-corrosion measuresshallbe
selectedaftertechnicalandeconomiccomparisonshavebeencarriedoutthatconsiderfactorssuch
asoperatingenvironment,operatingconditions,maintenanceand managementconditionsofthe
structures.

7.1.2 Thefollowingthreemeasuresmaybeadoptedfortheanti-corrosionofhydromechanical
structures:

a) Anti-corrosioncoating;

b) Sprayedmetalanti-corrosioncoating;

c) Sacrificialanodecathodicanti-corrosionprotection.

7.1.3 Thesurfaceofhydromechanicalstructuresshouldbepretreatedbeforecoating.

7.1.4 Thedesigndocumentshallspecifythesurfacepretreatmentcleanlinessandsurfaceroughness
levelandqualityassessmentstandards.
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7.2 Coatingprotection

7.2.1 Theanti-corrosioncoatingshouldbecomposedofprimer,intermediatepaintandfinishing
coat.Theprimershallhavegoodadhesiveforceandrustresistance,theintermediatepaintshallhave
shieldingperformanceandgoodcombinationwiththeprimerandfinishingcoat,andthefinishing
coatshallhaveweatherandwaterresistance.

7.2.2 Thecoatingsystemshallbeselectedbasedonthesurroundingenvironment.

7.3 Sprayed-metalanti-corrosioncoating

7.3.1 Thesprayed metalanti-corrosioncoatingsystem mayincludesprayed-metalcoatingand
sealingcoatinglayer.Thethermalsprayedmetalandcoatingprotectionsystemshallbeappliedwith
intermediatepaintandfinishingcoatafterthecoatingissealed.

7.3.2 Themetalwiresusedforthermalsprayingshallbecleanandfreeofrust,oilorfoldmarks,

andthewirediametershouldbelessthan3.0mm.

7.3.3 Inthesprayedmetalcoatingprotectionsystem,thethicknessofthemetalcoatingmaybede-
terminedbasedontheenvironmentalfactors.

7.3.4 Thesealingcoatingshallbecompatiblewithasprayedmetalcoating,withrelativelylowvis-
cosityandcertaincorrosionresistance.

7.4 Sacrificialanodecathodicanti-corrosionprotection

7.4.1 Beforedesignofsacrificialanodecathodicanti-corrosionprotection,thefollowingdatashall
becollectedand,ifnecessary,anon-sitesurveyshallbecarriedout:

a) Dataaboutthedesignandconstructionofthehydromechanicalstructures;

b) Types,conditionsandservicelifeofthecoatingonthesurfaceofthehydromechanicalstruc-
tures;

c) Electricalcontinuityofthehydromechanicalstructures,andelectricalinsulationfromtheother
hydromechanicalstructuresunderthewater;

d) Chemicalcomposition,PHvalue,resistancerate,contaminationdegreeofthemediumandvari-
ationsoftemperature,flowvelocityandwaterlevel.

7.4.2 Thesacrificialanodecathodicanti-corrosionprotectionshallbeusedtogetherwithcoating
protection.
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7.4.3 Thehydromechanicalstructuresappliedwithsacrificialanodecathodicprotectionshallbein-
sulatedfromtheotherhydromechanicalstructuresinthewater.

7.4.4 Theactualservicelifeofthesacrificialanodecathodicprotectionsystemshallbedetermined
basedonthedesignservicelifeorthemaintenanceperiodofthemetalstructure.

8 Workloadofhydromechanicalstructures

Thesummaryoftheworkloadofhydromechanicalstructuresshallinclude:

a) Name,specification,type,orificesize,designwaterheadandweightofthetrashrack,trash
rackgroove,gateandgateslot;

b) Name,specification,typeandquantityoftrashrackcleaningmachineandhoistingequipment,

hoistingcapacity,deliveryheadforhoistingoperations,distanceoftheliftingpoints,andthe
powerandweightofthematchingmotor.

c) Foragantryhoistoraplatformhoist,thespan,wheeltrack,trackmodelandtracklengthofthe
hoistshallalsobestated.
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AppendixA
(Informative)

Frictioncoefficient

TableA.1 Frictioncoefficient

Type Materialandoperatingconditions
Coefficientvalue

Maximum Minimum

Sliding
frictional
coefficient

Steelvs.steel(dryfriction) 0.5~0.6 0.15

Steelvs.castiron(dryfriction) 0.35 0.16

Steelvs.wood(withwater) 0.65 0.3

Slidewaymadeofsteel-basedcopper
and plastic composite material or
slidewaymadeofreinforcedpolyflu-
ortetraethylene plate vs.stainless
steel,withtheintensityofpressure

qinfreshwater

Intensityofpressure

q>2.5kN/mm
0.09 0.04

Intensityofpressure

q=2.5kN/mmto2.0kN/mm
0.09~0.11 0.05

Intensityofpressure

q=2.0kN/mmto1.5kN/mm
0.11~0.13 0.05

Intensityofpressure

q=1.5kN/mmto1.0kN/mm
0.13~0.15 0.06

Intensityofpressure

q<1.0kN/mm
0.15 0.06

Frictional
coefficient
ofsliding
bearing

Steelvs.bronze(dryfriction) 0.30 0.16

Steelvs.bronze(lubricated) 0.25 0.12

Steel-basedcopperandplasticcomposite materialvs.chromium-plated
steel(stainlesssteel)

0.12~0.14 0.05

Frictional
coefficient
instagnant

water

Rubbervs.steel 0.70 0.35

Rubbervs.stainlesssteel 0.50 0.20

Rubberandplasticcompositewatersealvs.stainlesssteel 0.20 0.05

Actingarm
ofrolling

frictionforce

Steelvs.steel 1mm

Steelvs.castiron 1mm

NOTE TheroughnessRaoftheworkfaceofthetrackshallbeatleast1.6μm,andtheroughnessRaofworkfaceof

slidewayshallbeatleast3.2μm.
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AppendixB
(Informative)

Semi-theoreticalandsemi-empiricalformulacoefficient

TableB.1 Semi-theoreticalandsemi-empiricalformulacoefficient

Typeofpipe
Section
No.

Lengthofconduit
behindgateNet
heightofconduit

ScopeofFr

β=K(Fr-1)[aln(Fr-1)+b]-1

K a b

Pressureconduit
equippedwith

planegate

Ⅰ 6.10~10.66
3.96~20.30 1.158 0.112 -0.242

3.87~3.960 1.0154 0 0

Ⅱ 10.66~27.40
1.94~6.290 1.0150 0.035 0.004

1.61~1.940 1.0152 0 0

Ⅲ 27.40~35.78
1.91~17.190 1.042 0.039 0.008

1.38~1.910 1.0413 0 0

Ⅳ 35.78~77.00 1.08~15.670 1.1300 0.028 0.144

Non-pressure
conduitequipped
withradialgate

Ⅴ 6.10~10.66
4.57~32.590 1.342 0.173 -0.438

3.49~4.570 1.0153 0 0

Ⅵ 10.66~27.40
1.70~18.06 1.0540 0.019 0.013

1.56~1.70 1.0515 0 0

Ⅶ 27.40~35.78 2.45~10.81 1.073 0.053 0.070

Ⅷ 35.78~77.00 2.33~8.310 1.170 0.182 -0.019
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