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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.
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Management
Part4:AcceptanceofProjects

1 Scope

ThispartoftheManagementGuidelinesstipulatesacceptanceconditionsandthemaincontentof
smallhydropower(SHP)keyacceptancework,includingacceptancebeforeriverdiversion(closure)

oftheproject,acceptanceofreservoir(barrage)impoundment,acceptanceofunitstart-upandac-
ceptanceofprojectcompletion.Theacceptanceorganization,specifications,proceduresandmeth-
ods,aswellasprojecthandoverandresolutionofoutstandingissues,shallbehandledaccordingto
theprovisionsofprojectcontractdocuments.

2 Normativereferences

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

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Acceptancebeforeriverdiversion(closure)ofproject

4.1 Acceptanceofriverdiversion(closure)oftheprojectshallmeetthefollowingconditions:

a) Theriverdiversionprojecthasbeenessentiallycompletedandhasmetflowpassconditions,

andwillhavenoinfluenceonotherfollow-upconstructionafterbeingputintouse.

b) Theunderwaterconcealedworks,relatedtoriverclosureinthemainwork,havebeencomple-
tedandtheirqualitymeetsthestandardsstipulatedinthecontractdocuments.

1
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c) Theriverclosureplanhasbeenpreparedandallthepreparationsareinplace.

d) Thefloodcontrolplanoftheprojecthasbeenapprovedandrelevantmeasureshavebeenpre-
pared.

e) Therehabilitationandresettlementofresidentsbelowthebanked-upwaterlevelafterriverclo-
sureandthecleaningatthereservoirbottomhasbeencompletedandpassedtheacceptance
tests.

f) Anynavigationobstructionproblemsoftherivercourseinrelationtoshippingfunctions,have
beensolved.

4.2 Theacceptanceofriverdiversion(closure)shallincludethefollowingmaincontents:

a) Inspectionandverificationofwhetherunderwaterworks,concealedworks,andriverdiversion
(closure)works,meettherequirementsoftheriverdiversion(closure).

b) Inspectionandverificationofthecompletionoftheconstructionlandacquisition,therehabilita-
tionandresettlementofresidents,andthecleaningatthereservoirbottom.

c) Reviewoftheriverclosureplan,andinspectionandverificationoftheimplementationofriver
diversion(closure)measuresandpreparations.

d) Inspectionandverificationoftheimplementationofengineeringmeasurestakentosolveprob-
lemssuchasnavigationobstruction.

e) Identifyconstructionqualityofthecompletedworksrelatedtotheriverclosure.

f) Commentsonresolutionsoftheproblemsdiscoveredduringtheacceptanceprocess.

g) Discussionandapprovaloftheintermediateacceptancestatement.

4.3 Whentheriverdiversion(closure)isimplementedinstages,itisadvisabletoalsoperform
riverdiversion(closure)acceptanceinstages.

5 Acceptanceofreservoir(barrage)impoundment

5.1 Theimpoundmentacceptanceshallmeetthefollowingconditions:

a) Theconstructioncompletionstatusofwater-retainingstructuresmeetstherequirementsofthe
impoundedlevel.
2
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b) Therehabilitationandresettlementofresidents,withintheareainundatedbyimpoundment,

andthecleaningatthereservoirbottom,hasbeencompletedandpassedtheacceptance.

c) Theecologicalflowdischargefacilitiestobeusedafterimpoundmenthavebeencompletedand
metflowpassconditions.Relevantecologicalcompensationmeasureshavebeenimplemented.

d) Thesluicingstructuresandgatecontrolfacilitiestobeusedafterimpoundmenthavebeencom-
pletedandmetflowpassconditions.

e) Relevantobservationinstrumentsandequipmenthavebeeninstalledandadjustedaccordingto
thedesignrequirements,andtheinitialvaluesandobservedvaluesintheconstructionperiod
havebeenmeasured.

f) Constructionplansfortheunfinishedworksafterimpoundmenthavebeenprepared.

g) Theproblemsthatmayaffectsafeoperationoftheprojectafterimpoundmenthavebeenre-
solved,andconclusionshavebeenreachedonmajortechnicalissues.

h) Theimpoundmentplananddiversionorifice(tunnel)blockingplanhasbeenpreparedandap-
proved,andallpreparationsareready.

i) Theannualfloodcontrolplan(includingfloodreleaseandutilizationplans)hasbeenapprovedas
requiredandrelevantmeasureshavebeenimplemented.

j) Otherrequirementsspecifiedbythecountryhavebeensatisfied.

5.2 Theacceptanceofimpoundmentshallincludethefollowingmaincontents:

a) Inspectionandverificationofwhetherthefinishedworksmeettheimpoundmentrequirements.

b) Inspectionandverificationofthecompletionoflandacquisition,therehabilitationandresettle-
mentofresidents,andthecleaningofthereservoirarea.

c) Inspectionandverificationofthetreatmentofthereservoirbanknearthedam.

d) Inspectionandverificationoftheimplementationoftheimpoundmentpreparationworks.

e) Qualityoffinishedworksrelatedtoimpoundment.

f) Commentsonresolutionsofproblemsdiscoveredduringacceptance.

5.3 Whentheprojectisimpoundedinstages,itisadvisabletoalsoperformimpoundmentaccep-
tanceinstages.

3

SHP/TG005-4:2019



6 Acceptanceofunitstart-up

6.1 Theacceptanceofunitstart-upshallmeetthefollowingconditions:

a) Thestructuresrelatedtostart-upoftheunithavebeenbasicallycompletedandmettherequire-
mentsforstart-upoftheunit.

b) Thewaterlevelofthereservoir(headworks)hasexceededtheminimumpowergenerationlev-
el,andtheavailabledischargeforgenerationmeetstheminimumrequiredforstart-upofthe
unit.

c) Thehydromechanicalstructuresandhoistingequipmentrelatedtostart-upoftheunithavebeen
completed,andadjustedtomeettherequirementsforstart-upoftheunit.

d) Thehydroturbinegeneratorunit,accessoryequipmentandauxiliaryequipmentforoil,airand
waterhavebeeninstalled,adjustedtobequalified,testedbysectionsandmeettherequire-
mentsforstart-upoftheunit.

e) Therelevantelectricalequipmentorapplianceshavebeeninstalled,testedaccordingtorelevant
regulations,andmeetstherequirementsforstart-upoftheunit.

f) Thetransmissionandtransformationequipmentandfacilitieshavebeenconstructed,installed
andadjusted,andhavepassedsafetyevaluationoracceptancebyrelevantdepartments.The
powertransmissionworkhasbeenmadereadyandhasmettherequirementsforunitstart-up.

g) Theelectricalequipmentformeasurement,monitoring,controlandprotectionforstart-upof
theunithavebeeninstalledandadjustedtobequalified.

h) Theoperationmanagementorganizationhasbeenestablished,andtheoperationmanagement
personnelhavebeenallocatedtomeettherequirementsforstart-upoftheunit.

i) Protectivemeasuresforsafetyandfireprotectionforstart-upoftheunitareinplace.

j) Rulesandregulationssuchassafetyworkproceduresandoperationalproceduresonthesite
havebeenformulated.

6.2 Beforetheunitstart-upacceptance,thetestdocumentsforunitstart-upandcommissioning,

includingunitstart-upacceptanceoutlineandtestrunplan,shallbeprepared,andtheacceptance
workplanandthepreparationrequirementsshallbeputforward.

6.3 Start-upcommissioningoftheunitshallincludestart-uptestsoftheunitanda72-hourcontinu-
ouscommissioningoftheunitwithratedloadorthemaximumloadundertherelevanthead.
4
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a) Start-uptestsoftheunit,andstart-uptestproceduresoftheunitshallinclude:

1) Inspection,testandevaluationofthewaterdiversionsystem,theunitbody,theaccessory
equipmentoftheunit,theutilitysystemsofoil,airandwaterrelatedtothetestedunit,

theelectricalequipment,andthecontrolandprotectionequipment;

2) Inspectionandtestingofthewaterdiversionfacilitiesandequipmentduringwaterfilling
andafterwaterfilling;

3) Inspectionandtestingoftheunitduringthefirststart-upandno-loadoperation;

4) Inspectionandtestingoftheunitwhenitisputintothesystemandoperateswithload;

5) Loadrejectiontestingoftheunit.

b) Theunitshallgothrougha72-hourcontinuouscommissioningwithratedload.Iftheunitcannot
achievetheratedoutputduetoinsufficientloadorspecialreasons,themaximumtestloadap-
plicabletotheunitmaybedeterminedaccordingtothespecificconditions.

c) Start-upcommissioningoftheunitiscompletedifitfunctionsnormallyaftera72-hourcontinu-
ousoperationwithload.Thestart-upcommissioningreportoftheunitshallbepresented.

6.4 Duringthestart-upcommissioningoftheunit,inspectionandtestrecordsandcommissioning
recordsoftheunitshallbewelldocumented.Alltheserecordsshallformpartofthetechnicaldata
handedovertotheoperationmanagementorganization.

6.5 Problemssuchasequipmentdefectsandfaultsdiscoveredduringthecommissioningshallbe
handledbytheresponsiblepartyinatimelymanner.Theunitcannotbetransferredfortrialoperation
unlesstheseproblemsareresolved.

6.6 Aftertheunitstart-upacceptanceisapproved,anacceptancereportshallbeprovidedandhan-
doverproceduresshallbeprovidedforcommercialoperation.

7 Completionacceptance

7.1 Completionacceptanceshallmeetthefollowingconditions:

a) Theprojecthasbeencompletedinaccordancewiththeapproveddesignscalesanddesignstand-
ards,andtheprojectqualityisqualified.

b) Thepowerstationhasbeenproperlyoperatedforatleastoneyear,andallunitscanoperate
withratedoutput.
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c) Thenewhydropowerprojecthasstoodthetestsofatleastonefloodperiodand/oronefreezing
period.Themulti-yearregulatingreservoirsshallstandthetestsofatleasttwofloodperiods.
Duringthefloodperiods,thehighestreservoirwaterlevelhasreached,orlargelyreached,the
normalpoolwaterlevel.

d) Otherrequirementsspecifiedbythecountryhavebeensatisfied.

7.2 Maintasksofacceptanceshallinclude:

a) Inspectandverifythebasicconstructionoftheprojectaccordingtotheapproveddesigndocu-
ments,includingengineeringconstructioncompletionstatus,theachievementofengineering
parametersandfunctions,theimpactofmajordesignchangesontheproject,theimplementa-
tionofenvironmentalprotectionmeasuresaswellasworkquantitiesandprojectcost.

b) Inspectandevaluatethesafetyofwater-retainingstructures,basedontheanalysisandresults
of monitoringdataduringoperationof water-retainingstructuresafterimpoundment,the
resultsofstabilityandstructuralsafetyreviewsandthesolutionofanyproblemsdiscovered.

c) Inspectfunctionsofflooddischargeandenergydissipationfacilities,andevaluatesafetyandre-
liabilityoffloodcontroloftheprojectaccordingtotheoperationoftheflooddischargeanden-
ergydissipationstructuresduringtheoperationafterimpoundmentandtheresolutionofany
problemsdiscovered.Inspectwhethertheprojecthasanymajorpotentialqualityissuesorprob-
lemsthatmayimpactsafeoperation.

d) Inspectand evaluatefunctionsandsafety ofthestructuresofthediversionand power

generationsystemaccordingtotheiroperationalstatus,theanalysisandtheresultsofsafety
monitoringdataduringtheoperation,andtheresolutionofproblemsdiscoveredduringthe
seepagedischargeinspection.

e) Inspectandevaluatethestabilityofthepermanentslopesofthepivotstructuresandslope
treatmentworksforthereservoirbanknearthedamaccordingtotheanalysisofsafetymonito-
ringdataduringtheoperationaftertheimpoundment,theresultsofthestabilityreview,and
theresolutionoftheproblemsdiscovered.

f) Inspectandevaluateeffectiveoperationofthesafetymonitoringsystemfortheproject(opera-
tionandmaintenance)duringoperationafterimpoundment,thestatusoftheinstrumentsand
equipment,andthestatusoftheprocessingandanalysisofmonitoringdata.

g) Inspectandevaluatefunctionsandreliabilityoftheunitoperationaccordingtocommissioning,

loadtestsandoverhaulresultsoftheunitinthepowerstation.
6
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h) Inspectconstructionqualityoftheprojectintermsofcivilconstruction,equipmentmanufactur-
ingandinstallation,andtheresolutionofqualitydefectsexposedduringtheoperationafterim-

poundment,andevaluatetheoverallqualityoftheproject.

i) Bringforthcommentsonresolutionandrequirementsfortheoutstandingissuesoftheproject.
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