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Foreword

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

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

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

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

throughglobalexpertcooperation,andbasedonsuccessfuldevelopmentexperiences,decidedto
developtheSHPTGstomeetdemandfromMemberStates.

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

AttentionisdrawntothepossibilitythatsomeoftheelementsoftheseTGsmaybesubjecttopa-
tentrights.UNIDOandINSHPshallnotbeheldresponsibleforidentifyinganysuchpatentrights.

Ⅲ
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Introduction

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

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

TheTGscanbeusedastheprinciplesandbasisfortheplanning,design,constructionandmanage-
mentofSHPplantsupto30MW.

● TheTermsandDefinitionsintheTGsspecifytheprofessionaltechnicaltermsanddefinitions
commonlyusedforSHPPlants.

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

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

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

● TheConstructionGuidelinescanbeusedastheguidingtechnicaldocumentsfortheconstruction
ofSHPprojects.

● TheManagementGuidelinesprovidetechnicalguidanceforthemanagement,operationandmain-
tenance,technicalrenovationandprojectacceptanceofSHPprojects.

Ⅳ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Design
Part1:SiteSelectionPlanning

1 Scope

ThisPartoftheDesignGuidelinesspecifiesthegeneralprinciplesofsiteselectionplanningforsmall
hydropower(SHP)projects,andthemethodologies,proceduresandoutcomerequirementsofSHP
plantsiteselection.

2 Normativereferences

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

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Generalprovisions

4.1 Planningprinciples

4.1.1 Siteselectionshallfollowtheprinciplesoflocalizedplanning,subjecttooverallnationalinte-
gratedwaterresourcesplanningandtocomprehensiveriverbasinplanning withthesystematic
prospectionofpotentialsites.

4.1.2 Siteselectionshallmeettherequirementsoftheenvironmentalneedsoftheriverandsur-
roundingareasandalsohavepreliminaryplanstomitigatethenegativeimpactslikelytobecausedby
theSHPprojectstotheriveranditssurroundingenvironment.

1
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4.1.3 Siteselectionshallbedeterminedbasedonthewaterresourcesandtopographywiththepur-
poseofsustainabledevelopment,utilization,andalongwithfollowingcomprehensiveconsideration
ofallotherfactors.

a) Siteselectionshallconsidercomprehensivelythecorrelationofhydropowerresourcedevelop-
mentovertheentirelengthoftheriver,withdueattentiontotheinterrelationshipofupstream
anddownstreamcascadedevelopment,sothatthelayoutofupstreamanddownstreamsitesare
properlycoordinated.Formultipurposerequirementsforwatersupply,floodcontrol,irrigation,

ecology,tourism,navigationandcommunitydevelopment,theSHPprojectsshallbeplannedin
accordancewiththeprimaryandsecondarydevelopmentpurposes.

b) Siteselectionshalltakeintoaccountthelong-termelectricitydemandprojectionbasedonthe
socialandeconomicdevelopmentofthearea.Whereindirectsellingofelectricitytoother
region(s)isforeseenthroughthepowergrid,thecurrentstatusanddevelopmentplanofthe
gridshallbeconsidered,andthegrowthpotentialoftheexternalpowermarketshallbeevalua-
ted.Accordingtothedevelopmentneedsofthepowermarket,planningshouldbecarriedout
accordinglytomeettherelevantshort-,medium-andlong-termdevelopmentgoals.

c) SiteselectionshallmakeajustificationoftheselectionofSHPinrelationtootherpossiblerural
electrificationtechnologies.

d) Siteselectionshalltakeintoaccountrelevantlocal,regionalandinternationalintegrateddevel-
opmentplansrelevanttotheareaunderstudy.

4.1.4 Siteselectionshallbecoordinatedwithotherrelevantdevelopmentplansoftheareaunder
study,includingplanningindicators,terminology,unitsofquantitiesandvalues,implementation
plans,andshallbeconsistentandavoidconflicts.

4.2 Planningscope

4.2.1 TheplanningscopeforsiteselectionofSHPdevelopmentshallbebasedonthelevel(local/

state/national)oftheplanningorganizationofthecountry.

4.2.2 IftheSHPresourcedevelopmentplanispartofthecomprehensiveplanningoftheadministra-
tivearea(local/state/provinces),thescopeofthesiteselectionplanningshallbedefinedinaccord-
ancewiththeadministrativedivisionalplan.

4.2.3 SHPdevelopmentplanningshallbebasedonthedetailedandhomogeneousdefinitionofthe
rivernetworkandcatchmentsintheriverbasins.

4.2.4 Withinexclusiveeconomicdevelopmentzoneandnaturereserveareas,siteselection
planningofSHPdevelopmentshallconsiderthemultipurposeneeds.
2
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4.3 Planningmethodsandsteps

Theplanningshallbedeterminedinaccordancewiththeactualprocessofsiteselectionplanningof
SHPresourcedevelopment.ThemethodsandstepsareshowninFigure1.Inpractice,thedatacol-
lectionshouldbecarriedoutincoordinationwithsomeworksofthesiteinvestigation.

Figure1 FlowchartofactivitiesforSHPsiteselectionplanning

3
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5 Basicdatacollectionandanalysis

5.1 Datacollection

5.1.1 Adequatebasicdatashallbecollectedandanalysed.Theauthenticity,accuracy,timeliness
andapplicabilityofthecollecteddatashallbetestedandconfirmed.Considerationshallbegivento
theuseofdigitalnaturalresourcedatabasesandgeomaticstechnology(remotesensingandGeo-
graphicalInformationSystem[GIS]).

5.1.2 Thefollowingbasicdatashallbeincluded.

a) Hydrometeorologicaldata,includingseriesofmeasureddata,suchasprecipitation,flowinriv-
ers,evaporation,waterlevel,sedimentandice.Forthelocationslackingthemeasureddata,

relevantdataonadjacentriverbasinsandhydrologicalmapsissuedbythenationalorregional
authorityshouldbecollected.

b) Dataofnaturalgeographyofriverbasinandrivercharacteristicsincludingthetopographicmap
oftheriverbasin(scalenotlessthan1∶50000),roadmapofadministrativearea,longitudinal
andcross-sectionsofriver.Dataondigitalelevation/terrainmodelsareavailableat30m,and
betterresolutionmayalsobeused.Ifthehydro-meteorologicaldataofadjacentriverbasins
needstobeutilized,thetopographicmapsofadjacentriverbasinsshallalsobecollected.

c) Geologicaldata,includingregionalgeological,tectonic,seismiczoning maps,geological
reports,andrecordsofmajorgeologicaleventssuchasearthquakesintheplanningarea.

d) Resourceinformation,includinglanduse,minerals,energy,forestry,tourism,rareanimalsand
plants.

e) Powersystemdata,includingpowersource,powerdemand,annualpowersupply,loadstruc-
ture,loadcurve,powergridstructure,powermarkets,regulationsandpower-development
planninginthearea.

f) Existingfacilitiesdata,includingas-builtdesigndocumentsofexistinghydropowerstations,

irrigation,watersupply,rafting,navigationandotherprojectswithintheplanningriverreach.

g) Socio-economicdata,includingthedemography,industrialandagriculturalproduction,road
network,grossnationalproduct,percapitaincome,andnationaleconomicdevelopmentplans
inthearea.

h) Otherdata,includingnaturaldisasterrecords,legalrequirements,archaeology,historicsites,

protectedareasandnaturalheritage.
4
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5.2 Dataanalysis

5.2.1 Analysisofhydrometeorologicaldatashallincludethefollowing.

a) Qualitativeanalysis

1) Thedataseriesshallbeaccurate,reliableandhavenodatagapsasfaraspossible.

2) Thedatashallbeapplicabletotheriverbasinsunderstudy.

3) Theaccuracyofthedatashallmeettheanalysisrequirements.Theprecipitation/rainfall
datashouldbe,asfaraspossible,“dailyrainfall”.Themeasureddataofflowshallbeas
preciseas“averagedailyflow”.

4) Appropriateanalyticalmethodsshallbeusedforqualitycontrol.

5) Areliablelong-term dailydischargeseriesspecifictoeveryriverreachinthenetwork
shouldbedetermined,basedondistributedhydrologicmodellingthatisappropriatelycali-
brated.

b) Quantitativeanalysis

1) Frequencyanalysis:Themeasuredflowdataseriesshouldbeanalysedandcalculatedac-
cordingtotheprobabilityformulaofstatistics,andthefrequencycurveshouldbedrawn
accordingtotheanalyticalresults.

2) Correlationanalysis:Correlationanalysisshallbedonewhenthemeasuredflowdataarenot
onthelocationoftheselectedsiteforSHPdevelopment.

3) Averageflowdurationcurve:Basedonthedataoffrequencycomputation,selecttheflows
correspondingtothefrequencyofhighflow,medianflowandlowflow.Thenselectasimi-
laryearfromtheflowseriesforannualdistribution,ifavailable,anddistributetheaverage
dailyflowwithinthenextthreeyears,plottedasan“averageflowdurationcurve”.

5.2.2 Topographicmapdataanalysisshallincludethefollowing.

a) Scopeanalysis:Thetopographicmapshallincludethedrainageareaoftheriverbasinunder
study.Ifrainfallorflowdataofadjacentriverbasinsareutilized,thetopographicmapshallalso
providethedrainageareaoftheadjacentriverbasin.

b) Accuracyanalysis:Thescaleofthetopographicmapusedforthesiteselectionshouldbeno
lessthan1∶50000.Ifthescaleofthecollectedtopographicmapissmallerthanthespecified
requirements,encryptionmeasuresshallbetakentoimprovetheaccuracyofcontours.Global

5
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geometricdataof30morbetterresolutionmayalsobeused.

5.2.3 Geologicaldataanalysisshallmeetthefollowingrequirements.

a) Incorporatingtheconclusionsoftheregionalgeologicalstructuralstabilityassessment,major
faultlinesandthegroundmotionparametersdeterminedfortheprojectarea.

b) Itcanreflectregionaltopographyandgeomorphology,stratigraphiclithology,geologicalstruc-
ture,hydrogeologicalconditionsandphysicalgeologicalphenomena.

5.2.4 Powersystemdataanalysisshallincludethefollowing.

a) Presentstatusofthepowergridandanalysisofthepowergridplan:includingpowergridstruc-
ture,geographicaldistribution,voltagelevelsandtherelationshipwith,andimpacton,pro-
posedandplannedSHPdevelopment.

b) Powersourceanddemand(load)statusandplanninganalysis:includingpowersourceandde-
mand(load)structure,annualmaximumpowerdemand(load),annualminimumpowerdemand
(load),annualdemand(load)distribution,annualpowersupply,powergrowthrate,power
markets,regulations,impactofintegrationwithotherrenewableenergysuchaswindandsolar.

5.2.5 Otherdataanalysisshallincludeacomprehensiveassessmentontheauthenticity,timeliness
andrelevanceofthedata.

6 Computationofriverbasinorsub-basinhydropowerpotential

6.1 Thetheoreticalwaterenergypotentialoftheriver(reach)shallbeexpressedintermsofaver-
ageannualoutput(power)(kW)oraverageannualenergy(kWh).Theaverageannualoutputand
theaverageannualenergyshallbemutuallyconvertedbythemeansoftheFormula(A.1).

6.2 Thetheoreticalwaterenergypotentialoftheriver(reach)shallbecalculatedinsegments.A
largertributaryentrypointshouldbeusedasasegmentationpointforriverwaterenergycomputa-
tion.Takingthetributaryentrypointastheinterface,theadjacentsectionupstreamisthelower
sectionoftheupperreach,andtheadjacentsectiondownstreamoftheentrypointistheuppersec-
tionofthelowerreach.Thereachwithalargechangeinthelongitudinalslopeoftheriverbedshall
beregardedasasegment.Thereachhavingparticularlyadvantageousdevelopmentconditionsshall
beregardedasasegment.

6.3 Theannualaverageflowateachanalysissegmentoftherivershallbecalculated,withtheirar-
earatiosbasedonthecollectedhydrologicdataseriesoftheriverandthecatchmentareasofeach
analysissegmentoftheriver.Iftheflowdataoftheriverbasinisinadequateorunavailable,thein-
formationshouldbeobtainedbythefollowingmethods.
6
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a) Ifthereisrainfalldataonthisriverbasin,theappropriaterunoffcoefficientshouldbeconverted
totherunoffinthesameperiodwithreferencetotheFormula(A.2)oranyothersuitablefor-
mulaormethods.

b) Ifthereishydrologicalflowdataonanadjacentriverbasin,thecorrelationwiththeriverbasin
shallbeanalysed,andtherelevantdataafterrevisionmaybeusedforwaterenergycomputa-
tion.

c) Thehydrologicalflowparametersoftheriverbasincanbeobtainedbyusingthehydrological
contoursoreffectivechartsissuedbythehydrologicalorrelevantdepartment.

d) On-sitemeasurementmethod.

6.4 Thetopographicmapwithascaleof1∶50000orhighershouldbeusedtoverifyandcalculate
theelevationdifferencebetweentheupperandlowersectionsofthereachbyappropriateinterpre-
tation.UseofDigitalElevationModel(DEM)/DigitalTerrainModel(DTM)isencouraged.

6.5 Basedontheflowrateoftheupperandlowersectionsoftheriverreachandtheelevation
differencebetweentheupperandlowersections,theaverageannualoutputNi(kW)ofthereach
shallbecalculatedbythemeansoftheFormula(A.3).TheaverageannualenergyEi(kWh)iscalcu-
latedbytheFormula(A.1).

6.6 Withtheaverageannualoutputofwaterenergyineachreachbeingaccumulated,∑Ni,and
theaverageannualpowerenergyineachreachbeingaccumulated,∑Ei,thetheoreticalwaterener-
gypotentialoftheriver(reach)maybeobtained.

6.7 Accordingtotheabovecomputationresults,thetheoreticalpotentialofriverwaterenergycan
becalculated:

a) TherelationcurvebetweenriverelevationZ (m)andriverlengthL(km):Z=f(L).Calculate
theZandLvaluesanddrawtheZ=f(L)curveontherectangularcoordinates.Thecurveshall
showthegradientofriverwatersurface(orthalweg)alongtheriverlength.

b) TherelationcurvebetweenriverflowQ (m3/s)andriverlengthL(km):Q=f(L).According
totheflowrateQcalculatedin6.3,thevalueLisverifiedandcalculatedbyusingatopographic
maporDM/DEM/DTM.DrawQ=f(L)curveonrectangularcoordinates.Thiscurvereflectsthe
variationofriverflowalongtheriverlength.

c) Accumulationcurveofriverwaterenergypotential∑Ni=f(L);The∑Ni(kW)valuemaybe
obtainedbydirectlyusingthecomputationresultin6.6,thevalueLisverifiedandcalculatedby
usingtopographicmap/DEM/DTM.Draw∑Ni=f(L)curveonrectangularcoordinates.Theor-
dinatevalueofacertainpointonthecurveindicatesthetotalpotentialofwaterenergyfromthe
upstreamstartingpoint(forexample,fromtheriversource)tothesection.

7
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d) Curveofunitpotentialofriver:Nd=f(L).Thatis,thedistributionoftheenergyvalueNd

(kW/km)oftheunitriverlengthofthereachalongtheriverlengthL(km).Thiscurvereflects

theenergydensityofthereach.NdiscalculatedbytheFormula(A.4).Thediagramoftheoreti-

calwaterenergypotentialisshowninFigureA.1.

7 Preliminaryplanningofsite

7.1 Planningcontentandmainconsiderations

7.1.1 PreliminaryplanningoftheSHPdevelopmentschemeshallincludeselectionofthesite,de-
velopmenttypeandconstructionscaleoftheSHPplant.

7.1.2 Thepreliminaryplanningofthehydropowerstationsiteshallinvolvethefollowingconsidera-
tions.

a) Thetopographyandgeologyshallbesuitableforplanningtherelevantstructuresofthehydro-

powerstation.

b) Thehydropowerpotentialshouldberelativelyconcentrated,andthehydroenergydensityofthe
riverreachberelativelyhigher.

c) Powerevacuation/transmission:thehydropowerstationisclosetotheloadareasorcloseto
thepowergrid.

d) Accessandtransportationwithdifferentoptionsshallbeevaluatedandavailable.

e) Minimalinundationoffarmland,villagesortowns,forestsandothernaturalandsocialre-
sources.

f) Avoidingnaturalresources,protectedareas,heritageareasandculturalheritagesites.

g) Theelectricitymarketdemandandtheadditionalrequirementsofthepowersystemforutiliza-
tionofpowerfromtheproposedSHPplant.

h) Comprehensiveintegrationofwatersupply,irrigation,tourismandnavigation.

i) Avoidconflictswithexistingnationalandlocalwaterrelatedexistingschemesandfutureplans
andmanagetheconflictsbetweendifferentplansinaccordancewiththelocal/state/national

planningprinciples.
8
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7.2 TypesofSHPstationsandapplicableconditionsfordevelopment

7.2.1 Dam-typehydropowerstation

Dam-typehydropowerstationsmaybeclassifiedintotwotypes,namelyin-streamhydropowersta-
tionsordam-toehydropowerstations.

a) Thein-streamhydropowerstation(alongriverchannel)mostlyappliestotheriverreachinrela-
tivelyplainareaswithrelativelysmallhead(lessthan15m),wheretheriverisrelativelywide;

itisalsousedforirrigationchannelsorwatersupplywithacertaindrop.SeeFigureB.1andFig-
ureB.2forschematicdiagrams.

b) Thehydropowerstationatadamtoeappliestoawiderangeofwaterheads,rangingfromafew
metrestomorethan100metres.SeeFigureB.3foraschematicdiagram.

7.2.2 Diversion-conduit-typehydropowerstation

Thediversion-conduit-typehydropowerstationissuitableforriversectionswheretheriverchannel
isrelativelynarrow,theslopeoftheriversectionisrelativelysteep,andthegeologicalconditions
oftheriverbankslopesarefavourable.Applicableheadsrangefromafew metrestoafewhundred
metres.SeeFigureB.4inAppendixBforaschematicdiagram.

7.2.3 Reservoir-based,run-of-riverhydropowerstation(hybrid)

Thecommonlyknownasrun-of-riverwithdiversionorstoragedamhydropowerstationissuitable
forriversectionswheretheupstreamofthedamsitecaneasilyformstoragecapacity(diurnal,sea-
sonalorannual),andthedownstreamofthedamsitehasarelativelyconcentrateddrop.SeeFigure
B.5foraschematicdiagram.

7.3 Utilizationofseveralspecialgeographicalconditionsofrivers

7.3.1 Thenaturalwaterfallhasarelativelyconcentrateddrop.Thebarragemaybebuiltattheap-
propriatelocationonthesteepslopeofthewaterfallandthenthewaterisdivertedbytheconduit
intotheturbinegeneratorunitinthepowerhousetogenerateelectricity.SeeFigureB.6forasche-
maticdiagram.However,suchschemesshallbecarefullyplannedincoordinationwiththerelevant
tourismdepartment,includingschedulingofflowforwaterfallsandpowergeneration.

7.3.2 Rapidsornaturalwaterfallsareeasilyformedinrivercoursesinmountainousareas.Forsuch
riversections,low-heightweirsmaybebuiltdependingontheactualsituation,and,byrationaluse
oftheterrain,watermaybedivertedintothepowerhousethroughadiversioncanaltogenerate
electricity.However,forsuchhydropowerstations,specialattentionshallbepaidtofloodcontrol
issues.SeeFigureB.7foraschematicdiagram.
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7.3.3 Inmountainousareas,theriverchannelsaremostlycurved,andthecurvedistanceisrela-
tivelysmall.Alow-heightdammaybebuiltupstreamofthecurve,toconnectthecurvesbyusinga
diversioncanal(ortunnel);cut-offthecurvedriverchannelandobtaintheriverbenddrop,andthe

powerhousemaybebuiltonasuitablelocationonthediversioncanal(ortunnel).SeeFigureB.8for
aschematicdiagram.

7.3.4 Thewaterfallonanirrigationchannelmaybeusedtobuildahydropowerstationinthechan-
nel.Fordiversion-channel-typehydropowerstations,thetailwaterafterpowergenerationshallre-
turntotheoriginalirrigationchannel.SeeFigureB.2foraschematicdiagram.

7.3.5 Thekineticenergyofflowingwatersinariverorcanalmaybeusedtoproduceelectrical

power.Becausethisispoweredbykineticenergyinsteadofpotentialenergy,itisknownas“veloci-
ty”powergeneration.SeeFigureB.9foraschematicdiagram.

7.4 Estimationofthedevelopmentscaleofahydropowerstation

7.4.1 Themeanannualflowattheplanningsitemaybefoundbyusingthecurveinthediagramof
theoreticalwaterenergypotentialQ=f(L).

7.4.2 Theusabledropattheplanningsitemaybecheckedandcalculated.

7.4.3 Themeanannualoutputofthehydropowerstationattheplanningsitemaybecalculatedby
usingFormula(A.5).Theminimumecologicalflowshallbemaintainedinaccordancewiththeregula-
tionsofthestate/country;ifthereisnospecificregulationinthecountry,itmaybecalculatedas
10%ofthemeanannualflow.

7.4.4 Theannualenergyofhydropowerstationmaybepreliminarilydeterminedbytheannualutili-
zationhours.

a) Selecttheexpectedannualutilizationhoursforthehydropowerstation.Thefollowingselection

principlesshallbefollowed.

1) Asmallvalueistakenifthedifferenceinprecipitationbetweenthewetanddryseasonsis
obvious;amediumtolargevalueistakenifthedifferenceinflowbetweenthewetanddry
seasonsisnotobvious.

2) Asmalltomediumvalueistakenforthehydropowerstationoperatinginanetworkcon-
nectedtothegrid;foranisolatedpowerstation,alargevalueistaken.

3) Amediumtolargevalueistakenforahydropowerstationwithoutregulationfunction;a
medianvalueistakenforahydropowerstationwithregulationfunction.
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4) InstalledcapacityoftheSHPplantshallbebasedonoptimizationstudies,takingintoac-
countflowdurationandtheenergymarket.

b) Afterselectingthedesirednumberofannualutilizationhours,theinstalledcapacityshallbees-
timatedinaccordancewiththeFormula(A.6).

8 Sitesurveysandinvestigations

8.1 Hydrologicalsurveys

Hydrologicalsurveysshallincludesurveysofrainfallconsistency,fieldinvestigationofrunoffs,in-
vestigationsofhistoricalfloods,andinvestigationsofhistoricaldryflows.Thesurveycontentis
generallyasfollows.

a) Surveyofrainfallconsistency:Forareaswithshorthistoricaldata,especiallythosesiteslacking
records,thesurveymaybecarriedoutbyvisitingthesiteandtalkingtotheresidentsalongthe
rivertounderstandqualitativelytherainfallpatternovertheyears,thedistributionconsistency
withintheyearandthedurationofriseandfalloftheriver.

b) Runoffmeasurement:Anapproximatemeasurementoftheflowoftheriversectionmaybe
studiedbyaportableflowmeter,orasimplefloatflow measurementmethod,tocompareit
withthehistoricalrecordinthesameperiod.

c) Historicalfloodsurveys:

1) Preparationforsurveys:Itisnecessarytomakefulluseofbasicdatacollectedintheprevi-
ouswork,suchasverticalandhorizontalsectionsoftheriver,includinghighestfloodlev-
els;thehistoricaldatashouldbeconsideredinadvancetounderstandthenumber,magni-
tudeandtimingsoftheoccurrenceofhistoricalfloods.

2) Sitesurveys:Importanceshallbeattachedtoselectingastraightriversection,focusingon
bridges,ancientmonuments,bends,andrivermeandering,tocheckthetracesofflood
marks.

3) Investigationandvisit:Visittheolderresidentsalongtherivertodeterminetheyearand
monthofhistoricalfloods,thetraces/highfloodmarksleftandthefloodingprocess.

4) Fieldmeasurements:Theelevationofthefloodtrace/highfloodmarks,andtheverticaland
horizontalsectionalmapofthenearbyriversection,shallbeincluded.

d) Investigationofthehistoricaldryseason:Thesurveyprocessissimilartothefloodsurvey.
11
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8.2 Surveysontheplanningsite

8.2.1 Damsitesurveys

Thespecificlocationshallbeverifiedonsiteinlinewiththedam/diversionstructuressiteselected
onthetopographicmap.Accordingtothebasicprinciplesofdamsiteselection,theleftandright
banksandthesurroundingterrainofthedamsite,thesubsurfacestrataandrockstructureofthe
damsiteshallbeinitiallyevaluatedtodetermineitssuitabilityasthebestlocationfortheconstruc-
tionofadam/diversionstructure.

8.2.2 Plantsitesurveys

Thelocationofthepowerhouseselectedonthetopographicmapshallbeverifiedtomakesureit
meetsthebasicrequirementsfromtopographicalandgeologicalconsiderations.Atthesametime,

therelativepositionalrelationshipbetweenthepowerhouseandthedamshallbestudiedtojustify
whetherthewaterheadutilizationlevelinthepreliminaryplanismet.

8.2.3 Waterconveyancelinesurveys

Thetopographicalandgeologicalconditionsalongthewaterconveyancelineshallbesurveyed.Un-
favourablelandformssuchaslandslides,collapseandlargespansofaqueductsshallbespecifically
evaluated. 

8.2.4 Reservoirsurvey

Thegeologicalstructureofthebedofthereservoirareashallbeinvestigatedandattentionshallbe
paidtowhetherthereareburiedchannels,riverdeposits,fossilvalleys,karstcaves,fracturesand
faults.Basicassessmentofreservoirrimslopestabilityshallbeensured.

8.3 Preliminarydeterminationofavailablewaterheadsforthehydropowerstation

8.3.1 Thewatersurfaceupstreamofthedamsiteandthesurfacedownstreamofthepowerhouse
shallbeusedasmeasuringpoints,andthenaturaldropattheplanningsiteshallbemeasuredby
usingelevationinstrumentssuchasahand-heldGPSinstrument,alevelgaugeortotalstation.

8.3.2 Thenaturaldropplusthestorageheightofplannedwaterretainingstructuremaybeadopted
asthegrossheadofthehydropowerstation.Thecharacteristicwaterlevelupstreamofthewater-
retainingstructureshallbedeterminedaftertheschemecomparisonandevaluationinthedesign
stage.

8.4 Otherconstructionconditionsforinvestigation

Thefollowingconstructionconditionsshouldalsobeinvestigatedinthesiteselectionplanning.
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a) Assessthetransportationconditionsoftheplannedsiteandthefeasibilityofnewroadconstruc-
tionorotheroptionssuchasropeways.

b) Verifythattherareanimalandplantspeciesneartheplanningsiteareconsistentwiththedata.

c) Visitthehistoricalsitesandtheirdistributionaccordingtotherecords.

d) Investigatethepopulationdensityanddistribution,landuseandownershipneartheplanning
siteandwithinthereservoirarea.

e) Investigateimportantbuildingsandotherpublicfacilitiesintheplanningarea.

f) Investigateotherrelevantplansfortheriverbasin.

g) Investigatetheavailabilityofconstructionmaterials.

9 Preparationofsiteconstructionplan

9.1 Selectionofinstalledcapacity

TheinstalledcapacityoftheSHPplantshallbeselectedaccordingtothehydrologicdatasurveyand
themeasurementoftheusabledropatthesite.

9.2 Selectionofturbinetypes

Theappropriateturbinetypeshallbeinitiallyselectedintheturbinetypetableorutilizationrange
chartbasedonthewaterheadanddischargeofthehydropowerstation.

9.3 Numberofunits

Accordingtotherevisedinstalledcapacityofthepowerstation,thenumberofunitsisselectedand
shallmeetthefollowingrequirements.

a) Inordertofacilitatemaintenanceandmanagement,unitswiththesamecapacityshallbeselect-
ed.

b) Consideringthereliabilityrequirementsofthepowersupply,twoormoreunitsshouldbeused.

c) Whenthedistributionofrunoffisseverelyunbalancedinwetanddryseasons,unitsoftwodif-
ferentcapacitiesshouldbeselected.

d) Whenselectingthecapacityofasingleunit,itshallbebasedontheconvenienceofmanufactur-
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ing,transportationandadequacyofutilizationshallbetakenintoaccount.

9.4 Selectionofdamtype

Thetypeofdamshallbeselectedaccordingtothetopography,geology,hydrologyandconstruction
materials,aswellasthepreliminaryplanningresultsoftheselectedsites,includingmainlythefol-
lowing.

a) Gravitydam:Thisshouldbebuiltonarockfoundation,butagravityweirmaybebuiltonasoft
foundation.

b) Archdam:Thisshouldbebuiltondamsiteswithnarrowrivergorges,symmetricalandcontinu-
oushillsonbothbanks,andgoodgeologicalconditions.

c) Earth/rockfilldam:Thisissuitableforlocaldamconstructionwherethereareabundantmateri-
alsthatareconvenientforconstructionandtransportation;ithasrelativelylowrequirements
forfoundationgeologicalconditions.

d) Sluicedam/barrage:Thisisapplicabletolowwaterheadhydropowerprojectsinriverchannels
orplainareas.Itisgenerallybuiltonarockfoundationorhomogeneoussoil,oronanon-rock
foundationsuchassandygravelandsoftclay.However,constructionpartiallyonrockfounda-
tionandpartiallyonnon-rockfoundationshallbeavoided.

e) Shutterdam/weir:Thisisapplicabletolocationswherethewaterdepthislessthan5mandthe
requirementforriverbedfloodingishigh.Foundationrequirementsforashutterdamarethe
sameasthoseforasluicedam.

9.5 Selectionofspillwaystructures

Appropriateflooddischargemeasuresandspillwaysshallbeselectedaccordingtothedamtypeand
surroundingtopography.Themainformsareasfollows.

a) Theflooddischargethroughthedammaybeclassifiedintosurfacespillwayflooddischargeand
mediumandlowsluiceflooddischarge.

b) Riversideflooddischargemaybeclassifiedintospillwayandspillwaytunnel.

1) Spillway:Thespillwayshallbeplacedonastablefoundationandtheaxisshouldbestraight.
Theflowshallmaintainasafedistancefromotherstructuresandconnecttothedown-
streamriver.Thespillwayisclassifiedaschutespillwayorsidespillway,accordingtothe
relationshipbetweenitsaxisandtheaxisofthebarrageordam.

2) Spillwaytunnel:Economicandtechnicalcomparisonsshallbemadetochooseapressureor
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anon-pressuretunnel.Theconstructiondiversiontunnelmaybeusedasaspillwaytunnel.

Allspillwaysshallhavesuitablespaceforenergydissipatingstructures,dependingonthetypeof
spillway,topographicalandgeologicalfeatures.

9.6 Selectionofwaterintakestructures

Thewaterintakestructuresinsideoroutsideofthedamshallbeselectedaccordingtodifferent
typesofhydropowerstation.Theselectionofwaterintakeshallmeetthefollowingrequirements.

a) Thewaterintakeofthehydropowerstationatadamtoemaybeinstalledinsidethedam.

b) Thediversiontypeofhydropowerprojectshallhavethewaterintakeinstalledoutsidethedam.

c) Thewaterintakeoutsidethedammaybelocatedononesideoftheriverbanks.

d) Forsediment-ladenrivers,asedimentationbasinshouldbeinstalledadjacenttothe water
intake.Whenrestrictedbyterrainconditions,orheadofsand-flushingwaterisnotsufficient,it
canbemoveddowntotheappropriatepositionalongthediversionchannel.

9.7 Selectionofdiversionstructures

Thewaterconductorsystemofthehydropowerstationincludesthechannel,tunnel,sedimentation
basin,forebay,penstock,surgechamber,fishpassageandtailrace.Theselectionofeachpartshall
respectthefollowingconditions.

a) Channel:Thechannelroutealongthecontourlineshouldbechosen.Theshorterandmorefeasi-
blerouteispreferred.

b) Tunnel:Thetunnelmaybeclassifiedasapressuretunnelorafree-flowtunnel.Inordertore-
ducethelengthofthechannel,thetunnelmaybeexcavatedifthegeologicalconditionsofthe
mountainmeettherequirements.Thetunnelshallbekeptawayfromgeologicalstructuressuch
asfaults,fracturesandkarstcaves.

c) Sedimentationbasin:Accordingtothesedimentcontent,sedimentparticlesizeandhydropower
stationwaterhead,thenecessityofinstallingasedimentationbasinshallbejudged.Thesedi-
mentationbasinshallbelocatedonastablefoundationandshallbecapableofconvenientlydis-
chargingsediment.

d) Forebay:Theforebayshallbelocatedattheendofthenon-pressurewaterdiversionsystemand
beforethepenstockdirectswaterintotheturbine.Thepressureforebayshallbekeptawayfrom
landslides,downslopefracturedevelopmentorsteepslopes.Theforebayshallbelocatedona
solidfoundationwithlowpermeabilityandincombinationwiththepenstockandpowerhouselo-
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cation.

e) Penstock:Theform,parametersandsupportmethodsforthepenstockshallbedeterminedby
subsequentdesign.

f) Surgechamber:Inahydropowerstation’spressurediversionsystem,ifthereisapossibilityof
directhammer-basedontheturbineregulationfirmcalculationresult,asurgechambershallbe
installedinasuitablepositionofthepressurepipe,priortotheturbine.Ifgeographicalcondi-
tionspermit,thesurgechambershallbeinstallednearthehydropowerstation.Itshallbein-
stalledonthesolidfoundationwithlowwaterpermeability.

g) FishPassage:Suitablefishpassagemaybeprovidedinthediversionstructure.

9.8 Typesofpowerhouse

Thetypeofpowerhouseshallbeselectedthrougheconomicandtechnicalcomparisonaccordingto
thetopographicandgeologicalconditions,upstreamanddownstreamwaterlevelandotherfactors.
Thepowerhousetypesincludesurface,underground,semi-underground,overflowandwithin-dam.

9.9 Locationofswitchyard

Theswitchyardshallbeclosetothepowerhouse,asfaraspossible,incombinationwiththetopo-
graphiccharacteristics.Subsidenceproneandlow-lyinglocationsshallbeavoided.

9.10 Locationoftailrace

Thetailraceshallbelocatedwithconsiderationtothesmoothdischargeofflowandshallavoidthe
influenceofwaterflowattheoutletofspillwaystructures.

9.11 Layoutofmainstructures

Underthepremiseofsatisfyingthegeologicaland otherconstructionconditions,thelayout
principlesmainlyincludethefollowing.

a) Thetopographicconditionsshallbefullyutilizedtooptimizethequantityofconstructionwork.

b) Thepowerhouseshallbeclosetothedam,asfaraspossible.

c) Theswitchyardshallbeclosetothepowerhouse,asfaraspossible.

d) Considerationshallbegiventotheconvenienceoftransportationofequipment,especiallythe
possibilityoftransportationofthelargestandheaviestequipment.
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e) Adequateconsiderationshallbegiventofloodprevention.

f) Culturalheritageshallbeavoided.

g) Theeaseofconstructionshallbeconsidered.

h) Theharmonicandelegantappearanceoftheoveralllayoutofthemainstructuresshallbetaken
intoaccount.

i) Facilitationofeducationalandtouristvisitsshouldbeaccommodatedwhenpartoflocalregula-
tion.

10 Assessmentandprediction

10.1 Preliminaryassessmentofsocialandenvironmentalimpacts

10.1.1 Thepresentstatusofnaturalandsocialenvironmentshallbeinvestigatedinandaroundthe
hydropowerstationsite,reservoirareaandtheareaspossiblyaffectedbyconstruction;thisshallbe
usedasthebaselinetoevaluatethesocialandenvironmentalimpactsoftheproject.

10.1.2 Theimpactonaquaticandterrestrialorganismswithintheconstructionanddownstreamare-
asshallbeevaluatedaccordingtothedevelopmenttype,scaleandoperationmodeofthehydropow-
erstation.

10.1.3 Theextentofpermanentimpactonthevegetationsurroundingtheprojectaftertherestora-
tionmeasuresaretakenshallbeevaluated,basedonthearearequiredforthehydropowerstationin-
cludingtheconstructionphase.

10.1.4 Thedegreeofinundationofforests,crops,farmlandandwoodlandinthereservoirarea
shallbeestimated.

10.1.5 Thenumberofrelocationsofhousesandthepopulationofresettlementshallbeestimated.

10.1.6 Basedonthesurveyresults,preliminaryassessmentopinions(publichearing)ontheenvi-
ronmentalimpactoftheprojectshallbemadeaccordingtotheenvironmentalassessmentcriteriaof
thecountry.

10.2 Assessmentofpowerdemand

10.2.1 Accordingtothecurrentstatusofpowerdemandandthesocio-economicdevelopmentplan,

theforecastofloadinshort-,medium-andlong-termshallbecarriedoutforthedirectpowersupply
area,includingtheloadprofile,typesofloadslikedomestic,commercial,industrial,institutional,

71

SHP/TG002-1:2019



seasonalandannualvariations.

10.2.2 Thedevelopmenttrendoftheelectricitymarketshallbepredictedaccordingtothecurrent
statusoftheloadandthenationaleconomicdevelopmentplan.

10.3 Costestimationandbenefitsassessments

10.3.1 Thecostestimationmethodsincludethesub-itemestimationmethodandcomprehensive
costcomputationmethod,whichshallmeetthefollowingrequirements.

a) Sub-itemestimationmethod:First,theprojectquantitiesofdifferentcomponentsofthehydro-
powerstationareestimatedaccordingtotheproposedscheme,thentheunitpriceanalysisis
conductedaccordingtothelocalpriceindex,afterwhichtheprojectcostisestimatedaccording
totheprojectquantitiesandunitprice.Thecostofelectromechanicalequipmentmaybeesti-
matedbysets.Afterthesubprojectcostsaresummarized,thetotalcostofhydropowerstation
constructionwillbeobtained.

b) Comprehensivecostcomputation method:Thetotalconstructioncostofthehydropower
stationistheproductofthecomprehensiveunitprice(costperkilowatt)ofthesamekindof
localhydropowerstationandtheinstalledcapacityofthehydropowerstation.

c) Parametricandempiricalcoststudiesmaybeusedforcostestimation.

10.3.2 Estimatethestatictotalcostoftheproject.Analyzeandcalculateeconomicindexesofthe
hydropowerstation,suchascostperkilowattandcostperkilowatt-hour.

10.3.3 Theannualpowergenerationandoperationcostofthehydropowerstationmaybecalculated
accordingtothestatisticalindexofthecountry,thatis,theratioofthepowergenerationandoper-
ationcostofthehydropowerstationtotheconstructioncost.

10.3.4 BenefitsfromtheschemesfromtheSHPplantshallbeassessedbasedontheutilizationof
electricity,areadevelopmentandsocio-economicbenefits.

10.4 Evaluationofplanningsiteanddevelopmentsequencerecommendations

10.4.1 Thetechnicalevaluationoftheplanningsiteshallbecarriedoutfromtheaspectsofhydro
energyutilization,constructiondifficultyandcomprehensiveutilization.

10.4.2 Apreliminaryeconomicevaluationoftheplanningsiteshallbecarriedoutbasedonthepre-
liminaryestimatedcostbymeansofthestaticordynamicmethod.

10.4.3 Asocialbenefitevaluationshallbecarriedoutbasedonthecontributionthatthehydropower
stationmayprovidetothesocietyafteritscompletion.
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10.4.4 Suggestionsonthe developmentsequence shallbe made accordingto theresource
conditionsanddevelopmentconditionsoftheplanningsiteandthefollowingfactors:

a) Meetingthecurrentelectricityneedsoftheregion,aswellastheneedsofsocio-economicand
loaddevelopment;

b) Meetingthelocalpowerrequirementsofthepowersystem;

c) Aligningwithinvestmentcapacityandconstructiontechnologylevel;

d) Coordinatingwiththeoverallplanninganddevelopmentplanfortheriverbasin.

11 Preparationofsiteselectionplanningreport

Thesiteselectionplanningreportshallcontainthefollowing:

a) TheresultsofsiteselectionplanningforSHPdevelopment,includingnaturalconditionsofthe
riverbasin,statusofhydropowerresourcesintheriverbasin,resultsofsiteselection,com-
prehensiveevaluationofthesiteanddevelopmentsequence;

b) Theauthenticity,timelinessandapplicabilityofhydrologicaldataandothermaterials;

c) Thecompilation,analysis,interpolationandcitationofdata;

d) Theplanningprinciples,planningmethodsandtechnicalstages;

e) Theconstructionconditionsofeachplanningsiteshallbeexplained,includingriversediment,

engineeringgeologicalcondition,waterconservancyandhydroenergy,reservoirinundationex-
tent,constructionplanandengineeringlayout,socialandenvironmentalimpactassessment,

loadassessment,costandbenefitestimation,economicandtechnicalevaluation;

f) Alongwiththesummarizedplanningresults,acomprehensiveevaluationoftheSHPprojects;

g) ThesiteselectionplanningreportinaccordancewiththeoutlineinAnnexC,withrelevant
chartsattached.
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AppendixA
(Informative)

Computationoftheoreticalpotentialofriverwaterenergy,

estimationformulaforinstalledcapacityonaplannedsite

A.1 Conversionformulaofmeanannualoutputofwaterenergyandmeanannual
powerofwaterenergy

N=
E

8760
(no.ofhoursinayear) ……………………(A.1)

where

N isthepoweroutput(capacity),inkW;

E Isthewaterenergy(electricity),inkWh.

A.2 Conversionformulaforrainfallandrunoffdepth(applicableformicrocatch-
ment;)alsoknownastherationalmethod

x=α·y …………………………(A.2)

where

x istherainfall,inmm;

y istherunoffdepth,inmm;

α istherunoffcoefficient.

A.3 Computationformulafortheoreticalwaterpotentialofreach

Ni=9.81
Q1+Q2

2 Hi …………………………(A.3)

where

Ni isthepoweroutput(capacity)ofreachi,inkW;

02

SHP/TG002-1:2019



Q1 isthemeanannualflowattheuppersectionofthereachi,inm3/s;

Q2 isthemeanannualflowatthelowersectionofthereachi,inm3/s;

Hi isthedifferencebetweenelevationsoftheupperandlowersectionsofthereachi,inm.

A.4 Formulaforwaterenergydensityperunitlengthofriverreach

Nd=
Ni

Li
…………………………(A.4)

where

Nd isthewaterenergydensityinunitlengthofreachi,inkW/km;

Ni isthewateroutput(power)ofreachi,inkW;

Li isthelengthofreachi,inkm.

A.5 FormulaformeanannualoutputofSHPplanningsite

Nj=9.81QHη1η2 ……………………(A.5)

where

Nj isthemeanannualoutput(power)oftheplannedhydropowerstation,inkW;

Q isthemeanannualflowofplanningsite,inm3/s;

H istheusablewaterheadattheplanningsite,inm;

η1 isthecoefficientofwaterintakeattheplanningsite(0.9istaken,whiletheremaining10%of
themeanannualflowisconsideredasnormalecologicalflow.);

η2 isthetheoverallefficiencycoefficientoftheunits(0.75to0.85istaken).

A.6 EstimationformulaforinstalledcapacityofSHPstation

P=8760
Nj

hnl
…………………………(A.6)
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where

P istheinstalledcapacityoftheplannedhydropowerstation,inkW;

Nj isthemeanannualoutputofplannedpower(power),inkW;

hnl istheannualoperationalhoursofplannedhydropowerstation,inh.

A.7 Diagramoftheoreticalpotentialofriverwaterenergy

Key
1 riversource
2 rivermouth
ItoVIIIriverreach

FigureA.1—Diagramoftheoreticalpotentialofriverwaterenergy
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AppendixB
(Informative)

Schematicdiagramofdevelopmenttypesandspecialterrain
utilizationofSHPstations

B.1 SchematicdiagramofdevelopmenttypesofSHPstations

FigureB.1 In-streamhydropowerstation

Key
1 irrigationcanals
2 graduatingvalve
3 powerhouse

FigureB.2 Hydropowerstationcanalfall
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Key
1 reservoir
2 overflowdam
3 non-overflowdam
4 riverbed

FigureB.3 Dam-toehydropowerstation

Key
1 overflowdam
2 waterinlet
3 gritbasin
4 diversioncanal
5 regulatingreservoir
6 pressureforebay

7 penstock
8 irrigationchannel
9 powerhouse
10 tailrace
11 riverbed

FigureB.4 Diversion-typehydropowerstation
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Key
1 dam
2 waterinlet
3 spillway
4 reservoir
5 pressuretunnel

6 surgeshaft
7 penstock
8 powerhouse
9 tailrace
10 riverbed

FigureB.5 Reservoirbasedrun-of-riverhydropowerstation

B.2 Schematicdiagramoftheutilizationofseveralspecialgeographicalconditionsin
theriverchannel

Key
1 dam
2 penstock
3 powerhouse

FigureB.6 Utilizationofnaturalwaterfalls
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Key
1 waterinlet
2 diversioncanal
3 powerhouse
4 diversioncanal

FigureB.7 Utilizationoftorrentrapidsornaturalwaterfall

Key
1 masonryarchdam
2 reservoir
3 tunnel
4 penstock
5 powerhouse
6 river
7 village

FigureB.8 Utilizationofriverbend
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Key
1 generator
2 turbineBlade
3 float
4 anchoringcable

5 baseorNail
6 waterFlow
7 waterSurface
8 riverbed

FigureB.9 Utilizationofkineticenergyofflowingwatersinariverorcanal
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AppendixC
(Informative)

Siteselectionplanningreport
(Outline)

C.1 Outline

—Tableofcontents

—Relatedphotographsofsite,figuresandmaps

—ChapterI:Generaldescription

1) Geographicallocation,administrativearea,andthewatersystemoftheriver(reach)inwhich
theplanningsiteislocated.

2) Thenaturalconditionsoftheadjacentareasoftheriverbasin,includinggeographictrends,to-
pography,hydrometeorology,forestvegetation,regionalgeologyandmineralresources.

3) Thesocio-economicconditionswithintheriverbasin,includingpopulationdistribution,eco-
nomic status,industrial structure, grain and crops,lifestyle,religious beliefs and
administrativemanagement.

4) Thestatusofhydropowerresourceswithintheplannedriverbasin,includingtotalhydropower
resources,resourcedistribution,resourcecharacteristicsandexploitablecapacity.

5) Summaryofplanningresults,includingtotalcapacityofresourcedevelopment,numberofhy-
dropowerstations,sitedistributionandtechnicalandeconomicindicators.

6) Figuresandtables:

—Schematicdiagramofthelocationoftheplannedhydropowerstation(seeFigureC.1);

—Schematicdiagramofthelocationandlongitudinalsectionoftheplannedhydropowerstation
(seeFigureC.2);

—Summarytableofengineeringcharacteristicsoftheplannedhydropowerstation(seeTableC.1).

—ChapterII:Descriptionofdata
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1) Datacollectionandcompilation;includingthetypeofdata,sourceofdata,collectionmethods,

filingandsoon.

2) Basicevaluationofdata;includingtheintegrity,timeliness,authenticityandapplicabilityofthe
data.

3) Technicalanalysisofdata;includingthedataseriessupplement,consistencyanalysis,results
evaluationandapplicationvalue.

—ChapterIII:Planningprinciplesandmethods

1) Descriptionofplanningprinciples,includingplanningbasis,planningobjectives,environmental
control.

2) Descriptionofplanning methods,includingplanningprocedures,maintechnicalmethods,

qualitycontrolofresults.

—ChapterIV:Planningsitedescription

1) Site selection principles,including the principles ofresource utilization,construction
conditions,technologyprioritiesandeconomicpriorities.

2) Descriptionofsiteselectionresults,includingconstructionconditions,developmentmode,sub-
mergenceareamigrants,socialandenvironmentalimpacts,technicalandeconomicindicators
andestimatedcosts.

—ChapterV:Comprehensiveevaluation

1) Evaluationofhydropowerresources,includingtotalpotential,spatialandtemporaldistribution,

energydensityanddevelopmentconditions.

2) Evaluation of planned hydropower station,including resource utilization level,layout
rationality,developmentvalueandenvironmentalimpactmitigationandcontrol.

—ChapterVI:Suggestionsondevelopment

1) Layoutofpreliminarywork,includingresourcereview,hydrologicalobservation,andfeasibility
studyplan.

2) Resourcedevelopmentproposals,includingdevelopmentsequence,developmentconditionsand
precautions.
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C.2 Figuresandtables

Key
1 mountainpeakname3
2  mountainpeakname2
3  rivername1
4  rivername2
5  placename2
6  placename1
7  mountainpeakname1
8  placename3
9  placename4
10 placename5
11 placename6
12 placename7
13 rivername3
14 ivername4
15 countyname
16 placename8
17 placename9
18 placename10
19 reservoirname5
20 powerstationname5
21 reservoirname1

22 powerstationname1
23 powerstationname
24 powerstationname4
25 powerstationname2
26 reservoirname2
27 reservoirname3
28 reservoirname4
29 legend
30 drainagebasin
31 county
32 river
33 town
34 reservoir
35 hydropowerstation
36 reservoirname
37 normalpoollevel
38 normalreservoirstorage(m3)

39 conventionalhydropowerstation
40 installedcapacity(MW)

41 annualenergyoutput(kWh)

42 scale

FigureC.1—Schematicdiagramofthelocationoftheplannedhydropowerstation
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Key
1  rivername
2  basinname
3  placename
4  hydropowerstation
5  hydropowerstation1
6  hydropowerstation3
7  hydropowerstation4
8  legend
9  drainagebasin
10 county
11 river
12 town

13 reservoir
14 hydropowerstation
15 plottingscale
16 conventionalhydropowerstation
17 normalpoollevel(m)

18 installedcapacity(kW)

19 elevation(m)

20 powerstation1
21 powerstation2
22 powerstation3
23 powerstation4
24 distancetoestuary** (km)

FigureC.2—Schematicdiagramofthelocationandlongitudinalsectionoftheplannedpowerstation

TableC.1—Maintechnicalandeconomicindicatorsof××riverplannedhydropowerstations

Items Unit
Nameofhydropowerstation

××× ××× ××× ×××

Projectsite

Distancetotributaries km

Catchmentareaatdam/diversionsite km2

Meanannualflow m3/s

Meanannualrunoff m3

13
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TableC.1(continued)

Items Unit
Nameofhydropowerstation

××× ××× ××× ×××

Meanannualsedimentdischarge kg

Normalwaterlevel m

Deadwaterlevel m

Totalreservoircapacity m3

Reservoircapacitybelownormalwaterlevel m3

Deadreservoircapacity m3

Regulatedreservoircapacity m3

Regulationperformance

Usabledrop m

Installedcapacity kW

Meanannualpowergeneration kWh

Annualutilizationhours h

Powergenerationflow m3/s

Ecologicalwaterdemand m3/s

Reservoir
submergence

Farmland km2

Population person

Developmentmode

Dam(gate)type

Maximumdam(gate)height m

Headracechannel/tunnellength m

Damsitelithology

Basicintensityofearthquake degree

Environmentallysensitiveobjects

Totalestimatedcost
currency

unit

Estimatedcostperkilowatt
currency
unit/kW

Estimatedcostperkilowatt-hour
currency
unit/kWh

Constructionperiod year

23
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