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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.

Ⅱ
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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
Part2:Hydrology

1 Scope

ThisPartoftheDesignGuidelinescoversthebasichydrologicaldataaswellasthecomputation
methodsandrationalityanalysisofthemainhydrologicalparameterssuchasrainfall,runoff,flood
andsedimentapplicableduringtheplanning,design,constructionandoperationofansmallhydro-
power(SHP)plant.

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 ForthehydrologicalcomputationoftheSHPstation,thefollowinghydrologicalparameters
shallbeanalysedandcomputedinviewoftheengineeringdesignrequirements:

a) Collectionofthebasicdata;

b) Analysisandcomputationoftherunoff;

c) Flowdurationcurve;
1

SHP/TG002-2:2019



d) Lowwateranalysis;

e) Designfloodestimation;

f) Preparationofthestage-dischargerelationcurve;

g) Analysisandcomputationofthesediment,evaporationandiceregime;

h) Basicinformationaboutthewaterquality;

i) Waterregimemeasuringandreportingsystem;

j) Rationalitycheckoftheresult.

4.2 Theinformationon whichthehydrologicalcomputationisperformedshallbereliable,

consistentandrepresentative.

4.3 Avarietyofmethodsshallbeadoptedforthehydrologicalcomputation,andtheresultsshallbe
comprehensivelyanalysedandreasonablyselected.Frequencyanalysisisusuallyadopted.Pearson
curveIIIorotherlinesmaybeused.

4.4 Thedeductionofhydrologicaldataandhydrologicaldesignparametersshallmeetthefollowing
requirements:

a) Thehydrologicdesignparametersshouldbecalculatedbytheflowdatainthebasinwithsuffi-
cientflowdata.

b) Thehydrologicdesignparametersmaybecalculatedbytherainstormdatainthebasinwherethe
flowandrainfalldataareinsufficient.

c) Forthebasinlackingdata,thehydrologicdesignparametersshallbecalculatedbyusingdis-
placementorapropermodel,andthehydrologicresultsshallbeassessedbyusingtheregional
comprehensiveanalysis.

d) Forthebasinwithnodata,thehydrologicresultsshouldbeobtainedbasedontheregional
hydrologicalsimulationandthesimilarityanalysis.

e) Thetemporaryweatherstationsandwaterlevelstationsshallbesetupfromthebeginningof
theprojectmotioninthebasinlackingdataorwithnodata,soastoprovidethereferencebasis
forthehydrologicalinvestigationandthehydrologicalanalysisandcalculation.Ifnecessary,a
long-termwaterregimemonitoringandreportingsystemshouldbesetup.

4.5 Therationalityofhydrologicalcomputationresultsshallbecheckedintheentireprocessof
2
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hydrologicalanalysisandcalculation.

5 Basicdata

5.1 ThebasicdataforthehydrologicalanalysisoftheSHPprojectshallincludethehydrologicaland
meteorologicaldata,riverbasincharacteristicsandgeographicdata,informationaboutthehuman
activitiesimpact,hydrologicalcomputationresultsofthebasinandnearbyareasandtheotherrele-
vantdata,andshallmeetthefollowingrequirements:

a) Thehydrologicalandmeteorologicaldatainclude:

1) Basicinformationsuchastherainfall,evaporation,waterlevel,flow,sedimentandicere-
gime;

2) Otherinformationconcerningtheairtemperature,watertemperature,waterquality,water
chemistry,windspeed,winddirection,humidity,airpressure,sunlight,frostandsnow;

3) Thegeographicallocation,coordinates,elevation,constructiontime,observationitems
andotherrelevantinformationofeachgaugingstation,hydrologicstationandprecipitation
station.

b) Thebasincharacteristicsandthegeographicdata,includingthegeographicposition,altitude
characteristic,shapefeature,catchmentarea,lengthandlongitudinalbedslopeoftheriver/

stream withinthecatchmentareafromtherelevantregionaltopographicmaponascaleof
1∶10000or1∶50000andthetopographicsurveymaponascaleof1∶500or1∶200.

c) Theinformationontheeffectofhumanactivityincludetheexistinghydropowerstation,reser-
voir,interbasinwaterdiversion,irrigationareas,irrigationanddrainagepumpingstation,wa-
tersupplyinthebasin,theconservationofwaterandsoilandforestcutting.

d) Thehydrologicalcomputationresultsofthebasinandnearbyareaincludetheapprovedhydro-
logicalanalysisofexistinghydropowerprojectinthenearbybasin.

e) Thecomprehensiveanalysisandresearchresultofthehydrologicalandmeteorologicaldatain
thedistrictincludethehydrologicmanual,hydrologicatlas,rainstorm,runoffchart,waterre-
sourcesassessment,probablemaximumstormatlasandhistoricalfloodinvestigationdata.

f) Otherrelevanthydrologicalandmeteorologicaldatasurveyed,designed,sorted,kept,prepared
orpublishedovertheyearsbytheconcernedauthoritiesforelectricpower,railway,highway,

municipaladministration,shipping,agricultureandforestry.Thisdatamaybeusedforcompari-
sonandanalysisofthebasicdatacollectedfromthewaterresources,hydropowerandmeteoro-
logicalsystemfortherationalitycheckoftheresults.

3
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5.2 Thedataseriesuponwhichhydrologicalcomputationisbasedshallbecheckedforreliability,

consistencyandrepresentativeness,andshallmeetthefollowingrequirements:

a) Reliabilitycheck:Thesource,period,observationmethod,possibleproblemsandreasonsfor
notbeingcompiledandpublishedshallbecheckedfortheoriginaldatanotformallycompiled.

b) Consistencycheck:Theinfluenceofhumanactivitiesonthehydrologicdataaswellasthedata
inconsistencycausedbythedambreak,glaciallakeoutburstflood(GLOF)orriverchannelburst
shallbechecked.

c) Representativenesscheck:Incaseswherethedataseriesisshortandtheremightbealargedis-
crepancybetweenthesampleandthetotality,therepresentativenessofthedatashallbe
checked.

d) Gapanalysis:Analysisorexaminationofdiscrepancies,missingorunrecordeddataforaparti-
culardateorperiodshallbeconducted,andthediscrepanciesshallbefilledinbyreasonablees-
timates,suchasinterpolation,extrapolationorotherfeasiblemethods.

e) Ifavailable,theverificationandlocalassessmentshallbeconductedthroughlocalresourcesin-
volvingthehistoricalflowevents.

5.3 Theinvestigationofthehistoricalflood,recentfloodmark,floodlevelmeasurement,normal
waterlevelsurveyand measurement,dryseasonsurvey,riverreachsurveyandsedimentation
studyshouldbecarriedoutfortheregionswithinsufficientornodata;iftheconditionspermit,ob-
servationandsurveyofwaterlevel,flowandsedimentshallbecarriedout.

6 Runoff

6.1 Accordingtothedesignrequirementanddataavailability,allorpartofthefollowingdesign
runoffresultsshallbeprovided:

a) Annualmeanrunoffaswellastheannualrunoff,runoffinfloodseason,runoffduringdrysea-
sonandthedriestmonthrunoffwiththedesignatedfrequencyorthedesignrepresentative
years;

b) Theannualdistributionoftherunoffinthedesignrepresentativeyears.

6.2 Whenthereishighdataavailability,alltheresultsspecifiedin6.1shallbeprovided;whenthe
dataavailabilityislow,theannualrunoffandtheannualdistributioninthedesignrepresentative
yearsshallbegivenatleast.

6.3 Accordingtodataavailabilities,thedesignrunoffshouldbecalculatedbythefollowingmethod:
4

SHP/TG002-2:2019



a) Whensufficientmeasuredrunoffdataisavailableontheprojectsite,thefrequencyanalysis
shallbeused.

b) Whenthereisarunoffgaugingstationinthedownstream/upstreamoftheprojectsite,inthe
riverbasin,adjacentbasinornearbybasinwithsimilarhydrologicalandhomogeneousmeteoro-
logicalconditions,thehydrologicanalogymethodshouldbeadopted.

c) Incasemeasuredrunoffdataisnotavailable,therainfall-runoffrelationshipormodelmethod
maybeadoptedaccordingtotheprecipitationdata.

d) Whentherunoffdataisnotavailable,itmaybeestimatedbyrelevanthydrologicalmanualand
calculatedonthebasisofcomprehensiveanalysisofregionalresults.

6.4 Thegaugingstationsmainlyconsistoftwocategories,namelytheprecipitationgaugingstation
andtherunoffgaugingstation,whichshallmeetthefollowingrequirements:

a) Theconditionsoftherunoffgaugingstationshallbesubjecttotheprovisionsof6.9.

b) Theprecipitationgaugingstationwiththelongestseriesmaybeselectedastheannualprecipita-
tiongaugingstationfromnearbyareatoremotearea,withinthisbasin,theadjacentbasin,

nearbyregionwithsimilarhydrologicalandmeteorologicalconditionsortheregionwithconsist-
entmeteorologicalconditionswhentherearefewlimitationsfortheprecipitationbasicbench-
markstation.

6.5 Therunofffrequencycomputationshallmeetthefollowingrequirements:

a) Inthen-termconsecutiverunoffseries,theempiricalfrequencyPm ofterm mindescending
order,shallbecomputedusingtheFormula(1).

Pm =
m

n+1×100% …………………………(1)

where

n isthenumberoftermsoftheobservationseries;

m istheorderintheobservationseries;

Pmisthemthempiricalfrequency.

b) TherunofffrequencycurveshouldusethePearsoncurveⅢ,whiletheothertypesadaptiveto
thelocalconditionsmayalsobeselectedaccordingtothegeological,meteorologicalandhydro-
logicalconditionsoftheprojectlocation.ThestatisticalparametersofthePearsoncurveⅢare

5
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expressedasthemeanvalueX,coefficientofvariationCVandcoefficientofskewnessCSand
computedbytheFormula(2),(3)and(4):

X=
1
n∑

n

i=1
Xi …………………………(2)

CV=
1
X

∑
n

i=1

(Xi-X)2

n-1 =
∑
n

i=1

(Ki-1)2

n-1
………………(3)

CS=αCV …………………………(4)

where

Xi istheobservationseries,i=1,2,3,…,n;

Ki istheModuluscoefficient,Ki=
Xi

X
;

α isthemultipleratiocoefficient,determinedaccordingtothehydrologicalcharacteristicsof
thelocalbasin.

c) Whenthefrequencycurveisascertainedaccordingtotheempiricalfrequencypoints,thestatis-
ticalparametersshouldbepreliminarilyestimatedbytheformulagiveninthisarticle,andthen
adjustedanddeterminedbythecurve-fittingmethod.

d) Whenadjustingwiththecurve-fittingmethod,thepointdataofthenormal/lowflowyearshall
beparticularlyconsideredonthebasisofthetrendofthefittingpointgroup.
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6

correlation,theprecipitation-runoffcorrelation,catchmentareaanalogy,runoffcorrelation,rainfall-
6.7 Theinterpolationandextensionoftherunoffseriesmaybecomputedfromthestage-discharge 

  ofthemeasuredvariationamplitude.
  morethan8years,andtheextensionamplitudeoftherelevantlineshallnotbemorethan50%

interpolatedandextendedrunoffseriesshallbe measuredcontinuouslyordiscontinuouslyfor
runoffseriesandthenthefrequencyanalysisshallbecalculated;therelevantparametersofthe 

b) Whenthemeasuredrunoffdataisinsufficient,theinterpolationshallbeadoptedtoextendthe

20yearswhenthedataisscarce.
a) Therunoffseriesshallnotbelessthan20years,butmaybeappropriatelyshortenedto10to

lowingrequirements:
6.6 Theconsecutiverunoffseriesforthefrequencyanalysisandcomputationshould meetthefol- 



runoffmathematicalmodelortheotherinspectionanddemonstrationmethodsonthebasisofthe
dataconcerningthisbasin,theupstream/downstreamareas,theadjacentbasinornearbybasins
withsimilarhydrologicalandmeteorologicalconditions.

6.8 Inthecorrelationanalysis,themultivariatecorrelationshouldnotbeperformed,thephysical
geneticrelationshipbetweentheindependentvariableandthedependentvariableaswellasthecor-
respondingcorrelationcoefficientshallbeconsidered,andtheregressionformulashallbeselected.
Thecorrelationcoefficientshouldbemorethan0.8.

6.9 Whenthehydrologicanalogyortheinterpolatedtoextendseriesisused,thefollowingrequire-
mentsshallbemet:

a) Themeteorologicalandclimaticconditionsshallbesimilarinthedesignandreferencebasins.

b) Thegeologic,topographicandvegetationconditionsaswellastheeffectofhumanactivities
shallbebasicallythesameorsimilarinthedesignandreferencebasins.

c) Theannualprecipitationortheprecipitationinthecorrespondingperiodshallbeusedtocorrect
theanalogyresultsofthecatchmentarea.

6.10 Whenthehydrologicalanalogyisusedtocalculateanddesigntherunoffseriesofthehydro-
powerstation,theFormula(5)maybeused:

QS=
FSPSQC

FCPC
…………………………(5)

where

QC isthedischargeatthegaugingstation,inm3/s;

FC isthedrainageareaatthegaugingstation,inkm2;

PC istherainfallinthedrainagebasinofthegaugingstation,inmm;

QS isthedesigndischargeofthehydropowerstation,inm3/s;

FS isthedesigndrainageareaofthehydropowerstation,inkm2;

PS isthedesignrainfallinthedrainagebasinofthehydropowerstation,inmm.

6.11 Theregionalsynthesisanalysisandcomputationshallincludetwoaspects:

a) Tousetheexistingregionalsynthesisdiagrams.Theregionalsynthesisdiagramsshallmainlyin-
7
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cludethecontourmapoftheannualrunoffmeanvalueofthewatershedversusthecoefficient
ofvariationCvandthepartitionmapofCs/Cvvalues,thecontourmapoftheregionalannual
precipitationmeanvaluesversusCvaswellastheCs/Cvvalues,andtheregionalsynthesisan-
nualprecipitation-runoffrelationdiagramorthecontourmapoftheannualrunoffcoefficient.

b) Tofurtheranalyseandsynthesizetherelevantresultsinaccordancewiththedataavailabilityas
wellastheengineeringdesigndemandsandthedepthofthework.

6.12 Theannualrunoffseriesadoptedshallbeanalysedfortherepresentativenessandconsistency
inthefollowingmethods:

a) Forrelativelylongerrunoffseries,themovingaveragemethod,thecumulativeaveragemethod
andthedifferenceproductcurvemaybeusedtoanalyseandevaluatetherepresentativenessof
theseriesortherepresentativesegmentseries.

b) Forrelativelyshorterrunoffseries,therepresentativenessofthecorrespondingshortseriesof
thelong-seriesprecipitationgaugingstationinthebasinorintheareaswithsimilarhydrological
andmeteorologicalconditionsmaybeanalysedsoastoevaluatetherepresentativenessofthe
stationrunoffseries.

c) Theconsistencyoftheannualrunoffseriesmaybecheckedbyanalysingtheinter-annualand
long-termvariationoftherelationshipbetweenannualprecipitationandtherunoff,orbyinves-
tigatingthehistoricaldevelopmentofwateruseandhydropowerprojectsinthebasin.

6.13 Theannualfrequenciesdesigninthehighflowseason,normalflowseasonandlowflowsea-
sonmaybe5%to25%,50%and75%to95%respectively.Thefrequencyinthelowflowseason
shouldbeconsistentwiththedesigndependabilityofthehydropowerstation.

6.14 Theannualdistributioninthedesignrepresentativeyearmaybedeterminedbythehomogene-
ousmultipleadjustmentmethodoverthecontrolledannualwaterflow.

6.15 Thedesignrepresentativeyearmaybedeterminedinlinewiththefollowingthreeprinciples:

a) Theempiricalfrequencyisclosetothedesignfrequency.

b) Theannualmeasuredrunoffdataiscompleteorbecomescompleteafterinterpolation.

c) Thesituationisadversetothefutureoperationofthepowerstation,whichmeansthatthe
powerstationwillabandonalotofwaterwhentherunoffisheavierthanthatinthenormalyear
astherearemanyfloodsduringthefloodseason;thepowerstationwillproduceinsufficient
outputforalongperiodandevenstopduetothedryingupoftheflowiftherunoffislessthan
thatinthenormalyearasthereislittleincomingwaterduringthedryseason.
8
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6.16 Whenthemeasuredrunoffdataisinsufficient,thefollowingmethodsshouldbeusedtodeter-
minetheannualrunoffanditsannualdistributioninthedesignrepresentativeyearaccordingtothe
differentrainfallandrunoffdataavailabilities:

a) Thedataofthegaugingstationshallbeuseddirectlyoraftercomprehensiveanalysisinthepro-
portionofthecatchmentarea.

b) Theexistingrunoffareasynthesischartshallbeused.

c) Theyearswithmeasuredrunoffdatashallbeselectedasthedesignrepresentativeyearsfrom
severaltypicalyearsofannualprecipitationwithsimilarfrequenciesintheprecipitationbench-
markstations.Theannualrunoffofthecorrespondingdesignrepresentativeyearshallbedeter-
minedbytheregionalsynthesismethod.

d) Iftheprecipitationandannualdistributionoftherunoffarefavourablysimilar,theannualdistri-
butioninthedesignrepresentativeyearmaybedeterminedaccordingtotheproportionofthe
monthlyprecipitationattheprecipitationbenchmarkstationtotheyearlyprecipitationinthede-
signrepresentativeyear,andwithconsiderationoftheappropriatebaseflow.

e) Themeanmonthlydatashallnotbetheonly,andthestandardisthedailydata.Thehourlydata
maybeusedforsomespecificoperatingmode.

6.17 Whentherunoffissignificantlyaffectedbyhumanactivities,theannualrunoffreductioncal-
culationshouldbecarriedoutaccordingtothefollowingmethods:

a) Theitem-by-iteminvestigationmethodortherainfall-runoffmodelshallbeusedtocalculate
yearbyyearandmonthbymonth(tendaysbytendays).

b) Whentherequireddataforyearlyreductionisinsufficient,thereductionestimationmaybe
madebythetypicalyearsofhigh-flow,median-flowandlow-flowyearasperthedifferentde-
velopmentperiodsofhumanactivities.

c) Whentherequireddataformonthlyreductionisinsufficient,thereductionestimationmaybe
madebythemainwater-consumingperiodandnon-essentialwater-consumingperiod.

6.18 ThedesignrunoffoftheSHPprojectshallconsidertheeffectsofthecomplextopographical
featuressuchastheextremelyunevenorextremelyunstableriverchannels,thespecialgeological
conditionssuchaskarst,andnaturaleventssuchasaflashfloodresultinginadikebreak.

6.19 Therunoffofeachhydropowerstationinacascadeshallbecalculatedaccordingtothewater
release/diversionmodeofthehydropowerstations,theinterveningcatchmentareabetweenthe
stationsandtherelevantdataifthestations upstream havearemarkableinfluence onthe
hydrologicalregimeofthecascade.

9
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7 Flowdurationcurve

7.1 Forthehydrologicalcomputationresultsoftherun-offordiversionhydropowerstations,the
dailymeanflowdurationcurveattheinletsectionorthedamsitesectionofthepowerstationshall
beprovided.

7.2 Whentherunoffdataissufficient,thedailymeanflowrankingstatisticsoflongseriesorthe
dailymeanflowinthetypicalhigh-flowyear,median-flowyearandlow-flowyearshallbeusedwith
thefollowingmethods:

a) Forhierarchicalrankingstatistics,therunoffdatashallbedividedintoseveralflowlevelswithin
adescendingorder,theoccurrencefrequencyofeachflowlevelshallbecountedandthefre-

quencyofeachflowlevelshallbecalculated.

b) Fornon-hierarchicalrankingstatistics,therunoffdatawithinadescendingordershallbear-
rangedandthefrequencyofeachflowintherunoffdatashallbecalculated.

7.3 TheflowdependabilityshallbecalculatedwiththemathematicalexpectationFormula(1)ofthe
empiricalfrequency.

7.4 Whenthemeasuredrunoffdataisinsufficient,themonthlyaverageflowdurationcurvemaybe
deducedfirst,andthenconvertittothedailyaverageflowdurationcurvethroughcomparativeanal-

ysisofthedailyandmonthlyaverageflowdurationcurvesoftherunoffgaugingstationorthere-

gionalsynthesis.Comparativeanalysisshallbeconductedaccordingtothefollowingrequirements:

a) Whenthereisanapplicablerunoffgaugingstation,thedailyaverageflowdurationcurveofthe

gaugingstationmaybezoomedandtransposedaccordingtotheproportionofthecatchmentar-
eaandtheproportionoftheannualmeanprecipitation.

b) Whenthereisnoapplicablerunoffgaugingstation,morerunoffgaugingstationswithinalarger
scopeshallbeselectedtocarryoutregionalcomprehensiveanalysisandcalculation.Theregional
flowdurationcurvecanberepresentedinadimensionlessformormodulus.Thedimensionless
ormodulusdailymeanflowdurationcurvesatthegaugingstationsshallbedrawnonthesame

griddiagram,anditsmeancurveshallbeestimatedvisuallyanddrawnmanuallyastheregional
dailymeanflowdurationcurve.

c) Whenthedrainageareaisrelativelysmall,andthereisonlyonerunoffgaugingstation,thedi-
mensionlessormodulusdailymeanflowdurationcurveofthisgaugingstationmaybedirectly
usedastheregionaldailymeanflowdurationcurveofthisbasin.
01
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8 Low wateranalysis

8.1 Accordingtothedataavailabilityandtheengineeringdesignrequirements,theminimumdaily
meanflow,themeanflowinthelowest-watermonth,theguaranteedlowwaterflow,theimpactof
humanactivitiesonlow wateraswellastheevaluationresultsofthelow waterrunoffshouldbe
providedforthelowwateranalysis.

8.2 Theanalysisandcomputationofthelowwaterrunoffshouldmeetthefollowingrequirements:

a) Whensufficientlowwaterrunoffdataisavailable,therunofffrequencyanalysisandcomputa-
tionmethodshallbeusedinaccordancewiththecharacteristicsofthelowwaterrunoff.

b) Whenzerovalueappearsinthelowwaterseries,thefrequencycomputationmethodcontaining
thezerovaluetermmaybeused.

c) Whenthelowwaterrunoffdataisinsufficient,thespeciallow-flowinvestigationmaybeper-
formed.Thespeciallow-flowinvestigationshallmeetthefollowingrequirements:

1) Thespeciallow-flowinvestigationshallbeperformedinthedryseasonoftheyear.

2) Thespeciallow-flowinvestigationshallinclude:thelow waterlevelandflowoftheriver
channel;thehistoricaldryyears,occurrencetime,waterlevel,flowandduration,orthe
year,occurrencetimeanddurationoftheriverblanking;theimpactofhumanactivitieson
thelowwaterrunoff.

8.3 The measuredandinvestigatedlow waterflowlevelshallbedeterminedbycomparative
analysisinaccordancewiththeannualandlowprecipitationandthecorrespondingannualandlow
precipitationfrequenciesinthesameyearoftherepresentativeprecipitationstationorthebench-
markprecipitationstation.

9 Flood

9.1 Accordingtothedataavailabilityandtheengineeringdesignrequirements,allorpartofthefol-
lowingdesignfloodresultsshallbeprovided:

a) Annualmaximumpeakflowatvariousdesignfrequencies;

b) Stagedmaximumpeakflowatvariousdesignfrequencies;

c) Annualandstagedperiodfloodatassigneddesignfrequency;
11
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d) Annualandstageddesignfloodhydrographatassigneddesignfrequency.

9.2 Whensufficientmeasuredflooddataisavailable,frequencyanalysisandcomputationshallbe
carriedouttodeducethedesignfoldbasedonthemeasuredflooddata. 

9.3 Theannual(staged)peakflowandthefloodvolumeseriesofdifferentperiodsinthefrequency
calculationshallbecomposedofthemaximumvalueseachyear(stage).

9.4 Inthen-termconsecutivefloodseries,theempiricalfrequencyPm ofterm m arrangedinde-
scendingordershallbecomputedbythemathematicalexpectationFormula(1).

9.5 WhereasacatastrophicfloodsoccurinNyearsduringtherecordedperiodandlfloodshappen
inn-termconsecutiveseries,theempiricalfrequencyofthefloodsatvarioustermsinthenon-con-
secutivefloodseriesmaybecomputedbythemathematicalFormula(6)and(7):

a) TheempiricalfrequencyoftermMarrangedindescendingorder,PM,inacatastrophicfloods
iscomputedbytheFormula(6):

PM =
M

N+1
…………………………(6)

where

N istheinvestigationperiodofthehistoricalflood;

M istheorderoftheextraordinaryvalues,M=1,2,3,…,a;

PM istheempiricalfrequencyoftermMextraordinaryvalue.

b) Inn-lconsecutivefloodseries,theempiricalfrequencyattermmarrangedindescendingor-
der,PM,iscomputedbytheFormula(7):

Pm =
m

n+1
…………………………(7)

where

l  istheNumberofextraordinaryvaluessampledfromthen-termobservedconsecutivese-
ries;

n isthetotalnumberoftermsintheobservedseries;

m istheOrderinobservedseriesaftertheextraordinaryvaluel,m=l+1,…,n;
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Pm istheempiricalfrequencyofterm m.

9.6 ThefrequencycurveusuallyemploysthePearsoncurveⅢ,whiletheotherlinetypesadaptive
tothelocalconditionsmayalsobeselectedaccordingtothegeological,meteorologicalandhydro-
logicalconditionsoftheprojectlocation.ThestatisticalparametersofthePearsoncurveⅢareex-
pressedbymeanvalueX,coefficientofvariationCVandcoefficientofskewnessCS.SeeFormula
(8),(9)and(10):

a) Withregardtoterm-nconsecutiveseries,themeanvalueXiscomputedusingtheFormula
(2),andthecoefficientofvariationCViscomputedusingtheFormula(3):

b) Withregardtothenon-consecutiveseries,meanvalueX,thecoefficientofvariationCVand
thecoefficientofskewnessCSarecomputedusingtheFormulas(8),(9)and(10):

X=
1
N
(∑

a

j=1
Xj+

N-a
n-l∑

n

i=l+1
Xi) ……………………(8)

CV=
1
X

1
N-1

(∑
a

j=1

(Xj-X)
2
+

N-a
n-l∑

n

i=l+1

(Xi-X)2 …………(9)

CS=αCV …………………………(10)

where

Xj istheextraordinaryvaluevariable,j=1,2,3,…,a;

Xi isthemeasuredseriesvariable,i=l+1,…,n;

α istheMultipleratiocoefficient,determinedaccordingtothehydrologicalcharacteristicsofthelocal
basin.

9.7 Whenascertainingthefrequencycurvebyusingtheempiricalfrequencypoints,thestatistical
parametershouldbeestimatedpreliminarilybytheformulain9.6,andthenadjustedanddetermined
bythecurve-fittingmethod.Whenadjustingwiththecurve-fittingmethod,therelativelyreliablebig
flooddatashallbeconsideredmoreonthebasisofthefittingpointgrouptrend.

9.8 Whenthemeasuredflooddataisavailable,thedesignfloodhydrographshallbededucedby
amplifyingthetypicalfloodhydrograph,andthebigfloodwhichcouldreflectthefloodcharacteris-
ticsandisunfavorabletothefloodcontroloftheprojectshallbeselectedasthetypicalflood.

9.9 Theanalysisandcalculationofthedesignstormshallmeetthefollowingrequirement:

a) Whenlong-seriesmeasuredstormdataisavailable,thedesignstormshallbedeterminedwith
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thefrequencycomputationmethod.

b) Whenthestormdataisinsufficient,thelatestdesignstormparametercontourmapofthere-
gionshallbechecked.

c) Whentheextraordinarystormhappensrecentlyintheregionornearbyarea,thecomputation
resultsshallbechecked.

9.10 Whenthedesignfloodisdeducedfromthedesignstorm,theregionalsynthesisresultsofthe
rainstormfloodchartsshallbeusedforthedesignoftherainfallpattern,runoffyieldandrunoffcon-
centrationparametersandthedesignfloodhydrograph.Itisnecessarytomakecomprehensiveselec-
tionbasedontheanalysisandsynthesisaccordingtothemeasuredrainstormflooddataofthegaug-
ingstation,seeAppendix-Aforthespecificmethod.Alternatively,theempiricalformulaofflood
peakflowinthisregionmaybeused.

9.11 Accordingtothecatchmentareaofthesiteandthecomprehensiveanalysisresultsofthe
measuredstormflooddatafromthegaugingstation,theshort-durationpeakrainstormperiodcon-
trolledbythesamefrequencyinthedesignrainpatternshallbereasonablydetermined.

9.12 Whenthemeasuredstormflooddataisinsufficientorthedesignbasinstormfloodparameters
couldnotbedetermined,therelationcurveofthe“measuredandinvestigatedbigfloodpeakflow
modular(M)-catchmentarea(F)-recurrenceinterval(N)”atthegaugingstationsintheregionorthe
nearbyareasmaybeascertained,andthedesignfloodmaybeestimatedwiththeregionalsynthetic
method.

9.13 Theinvestigationandreviewofhistoricalfloodshallbepaidhighattention.

a) Reliableorrelativelyreliableofmajororrelativelymajorhistoricalfloodresultsshallbeusedin
thefrequencyanalysisandcomputation,ortoverifydesignfloodresultsdeterminedbyregional
synthesisresults,ortoassistthederivationofthestage-dischargerelationcurve.

b) Whenthedataisseriouslyscarce,thedesignfloodmaybeestimatedaccordingtohistorical
floodresults.

c) Whentheinvestigatedfloodresultsareavailable,therelevantdatamaybedirectlycited,and
thefloodsurveymayalsobeconductedintheriverreachandriverbasinoftheproject.Inthe
nearbyriverreachupstream/downstreamoftheprojectsite,twoormorefloodmarksshould
beverified,withtwoormorecomputationcross-sectionsprovided,andthenthefloodpeak
flowisestimatedbyusingthearithmeticmeanoftwocross-sectionsorbythegradientmethod
oftwocross-sections.Additionally,thefloodelevationshallbeproposedbasedontheappropri-
aterecurrenceperiodtodefinetheforcemajeurecausedbythefloodduringtheconstructionpe-
riod.
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9.14 Thedesignfloodofcascadehydropowerstationsshallbecalculatedaccordingtothelayoutof
cascadeprojects,thedischargeordiversionmodesofthestationandtheinterveningcatchmentare-
asbetweentwostations.

9.15 Whencomputingthedesignfloodbyconstructionstages,itisnecessarytoconsiderthede-
signrequirementsoftheengineeringconstructionstages,andthevariationrulesandcharacteristics
offloodcausesshallbebasicallycompiledwithintheperiodfromthebeginningtotheend.

10 Stage-dischargerelationcurve

10.1 ForthehydrologicalcalculationoftheSHPstations,thestage-dischargerelationcurveofthe
upstreaminletsectionandthedownstreamtailwatersectionshallbedrawnup.Theinfluenceofthe
downstreamwaterlevelshallbeconsideredincalculatingthestage-dischargerelationofthesection.

10.2 Thewaterlevelelevationsystemofthestage-dischargerelationshipshallbeconsistentwith
theelevationsystemadoptedinthedesignofthehydropowerstation.

10.3 Whenthereisagaugingstationneartheupstream/downstreamareasoftheprojectsite,the
temporarygaugemaybeestablishedatthedesigncross-sectiontoobservethewaterlevel;thevari-
ationrulesofthewatersurfacecurveorwatersurfaceslopeofeachrepresentativewaterlevelmay
beanalysedthroughwaterlevelcorrelationorinvestigationandmeasurement.Afterthewaterlevel
iscorrected,thestage-dischargerelationshipatthedesigncross-sectionwillbeobtained.

10.4 Thehighwaterlevelextensionofthestage-dischargerelationshipmaybecalculatedbyslope
methodanddeterminedbythecomprehensiveanalysisoffloodinvestigation.

10.5 Whenthereisnogaugingstationintheriverreachoftheprojectsite,thestage-dischargere-
lationshipshallbedeterminedwiththesingle-sectionslopemethodformulaaccordingtotheprofile
diagramoftheriverreachandthedesignedcross-sectionprofile,andwithreferencetotheaverage
bedslopeofthemainchannel/riveraswellasthewatersurfaceslopeanditsestimatedflowduring
floodanddryseasonsurvey.

10.6 Whendeterminingthestage-dischargerelationshipwiththesingle-sectionslopemethod,the
Formulas(11)and(12)maybeusedforthecomputation:

Q=AC(Ri)1/2 …………………………(11)

C=
1
n
(R)1/6 …………………………(12)
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where

Q istheflow,inm3/s;

A isthecross-sectionalarea,inm2;

R isthehydraulicradius,inm;

C istheChezycoefficient;

i isthewatersurfaceslope;

n isthemanning’sroughnesscoefficient.

10.7 Inthedesignstage,thestage-dischargerelationshipshouldbeverifiedbymeasuringtheflow
atlow,mediumandhighwaterlevelsatthedesignsection.

10.8 Forthestage-dischargerelationshipatthestationlocationwhichisinfluencedbythereturn
water,scouringandsilting,floodfluctuationaswellasthewaterweedgrowth,itshallbeverified
byobservation,analysisoractualmeasurement;whenthedispersiondegreeofthecorrelationpoint
groupisnotgreat,theaveragevaluemaybetaken.

11 Sediment,evaporation,iceregimeandothers

11.1 Withregardtothelocationoftheprojectontherivercarryingsignificantsedimentorcarrying
moresedimentduringthefloodseason,allorpartofthefollowingsedimentcomputationresults
shallbeprovidedaccordingtothedataavailabilityandtheengineeringdesignrequirements:

a) Multi-yearaveragesuspendedsedimentconcentrationandsedimentrunoff(ratio);

b) Averagemonthlysuspendedsedimentconcentrationoftheannualmaximumcross-sectionand
themonthofoccurrence;

c) Multi-yearaveragesuspendedsedimentgraingradationoraveragegraindiameterandthemaxi-
mumgraindiameter;

d) Resultofbedloadsedimentinthefloodseason.Ifconditionspermit,theSedimentRating
Curves(DischargevsSedimentConcentration)maybedevelopedforanalysis.

11.2 Thesuspendedsedimentmaybecomputedwiththefollowingmethods:

a) Whenthereisasedimentgaugingstationinthebasinofthesite,thesedimentyieldmodulusof
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thegaugingstationshouldbeused.

b) Whenthereisnosedimentgaugingstationinthebasinofthesite,thesedimentyieldmodulus
maybeuseddirectlyiftheirclimaticconditionsandunderlyingsurfaceconditionsaresimilar,

otherwisemaybeusedafterbeingcorrected.

c) Whentheabovedataisnotavailable,theexistingregionalsynthesisdiagramsofthesediment
maybeused;thesedimentmaybemeasuredtemporarilyifnecessary.

11.3 Thebedloadsedimentmaybecomputedwiththesuspendedandbedloadratio.

11.4 Forareservoirhydropowerstation,itisadvisabletocalculatetheannualaveragewatersur-
faceevaporationcapacityanditsannualdistributionaccordingtothedatafromtheevaporation
measuringstationinthebasinortheregionalsynthesisdiagramsoftheevaporationcapacityinsimi-
larareasofthebasinorhydrometeorology.

11.5 Forthehydrologicalanalysisandcomputationincoldregions,thefollowingiceregimeatthe
stationsiteshallbeprovidedaccordingtothestatisticaldataoflocalhydrologicalandmeteorological
characteristics:

a) Riverconditionsduringfreezingupandunfreezing;occurrenceofshoreiceandflowingiceand
thefreezing-upcharacteristicsofthewholeriver;

b) Earliest,latestandmulti-yearaverageicingandmeltingdates;

c) Icethickness,iceclogging,icewallandfloatingiceandtheirpotentialhazardsduringthefreez-
ingperiod.

11.6 Forthehydrologicalcomputationinthekarstregion,thefollowingwaterchemicaldataatthe
stationlocationshallbeprovided:

a) ContentofcorrosivefreeionsCO2-
3 andHCO-

3 which wouldcauseseriousdamagetothe
turbine,andtheirseasonalvariations;

b) PHvalueanditsseasonalvariations.

12 Rationalitycheckoftheoutcomes

12.1 Therationalitycheckoftheoutcomesshallmeetthefollowingrequirements:

a) Themeasureddataandtheanalysisandcomputationresultsfromallthegaugingstationsandde-
signstationsshallbeused.
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b) Thecomparativeanalysisoftheresultsofmultiplemethodsinasinglestationandthestudyof
thesurfacedistribution oftheresultsof multi-stations withthesame methodsshallbe
carriedout.

c) Thefinalresultsshallfollowuptheprincipleof“basedononemethod,comparedwithmultiple
methods,byanalysingcomprehensivelyandselectingrationally”.

12.2 Therationalitycheckoftheresultsshallincludethefollowingmainparametersoritems:

a) Annualrunoffmeanvalue;

b) Designfloodpeakflowandfloodvolume;

c) nvalueofthebedroughnessintheformulaoftheinvestigatedfloodpeakflowandtheslope
method;

d) Shapeandcharacteristicsoftheflow-durationcurveandthestage-dischargerelationcurve;

e) Characteristicsoftheflowpatternchanges.

12.3 Therationalitycheckofthedesignannualrunoffandthedesignfloodpeakflowresultsshall
meetthefollowingrequirements:

a) Thecomputedresultsshallbeconsistentwiththeresultsfromtheregionalsynthesiscontour
map,thecorrelationcurveortheempiricalformula.

b) Thedistributioninthebasin,regionandalongtheupstream/downstreamsegmentandthemain-
streamandtributariesshallbebasicallyrational.Theresultshallbebasicallyadaptivetothespa-
tialvariationoftheprecipitation.

c) Ifthereisabigdifferenceinthecomputedresults,orunreasonable,orthereisabigdifference
withthespatialvariationoftheprecipitation,thecausesshallbefoundoutintimeandre-ana-
lysed/computedifnecessary.

12.4 Thereliabilityandrationalityofthefloodpeakflowestimationresultsshallbeinvestigatedin
thedesignfloodcalculation,andthefollowingcontentsshallbecompared:

a) Thespatialdistributionoffloodsandrainstormsateachsiteinthesameyear;

b) Thefloodsequenceofthesamesiteindifferentyears;

c) Themagnitudeofthemeasuredandknowninvestigatedfloodinthesamebasinorregionforthe
floodinvestigationinacertainrecurrenceinterval.
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12.5 Thereasonablemagnituderangeoftherecurrenceintervaloftheinvestigatedfloodpeakflow
maybeexaminedwiththerelationofthe“measuredandinvestigatedhighfloodpeakflow modular
(M)-catchmentarea(F)-recurrenceinterval(N)”throughregionalsynthesis;whenitisfoundthat
theestimatedvalueofthefloodpeakflowistoohighortoolow,thevaluenofthebedroughness
intheslopemethodformulashallbefirstlycheckedwhetheritisreasonable,andthemeasureddata
ofthegaugingstationshallbeusedtoverifiedandcompared.

12.6 Therationalitycheckoftheflowdurationcurveandthestage-dischargerelationcurveshallin-
cludethefollowingcontents:

a) Therelationshipbetweentheflowdurationcurvesaswellastheinfluenceoftheflowvariation
amplitudeandthebaseflowonthecurveshape;

b) Therelationshipbetweenthecross-sectionfeatureandthestage-dischargerelationcurve.
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AppendixA
(Informative)

Computationofstormandrunoffyieldandrunoffconcentration

A.1 Computationofthedesignstorm

A.1.1 Stormcomputationofthedesignsurface

a) Iftheprecipitationstationnetworkisrelativelydense,andtheobservationseriesarerelatively
long,itissuggestedtoperformthefrequencyanalysisaccordingtotheyearlymaximumareal
rainfallseriesofthedesignbasintoascertainthedesignarealrainfallofthebasin.

b) Ifthedrainageareaisrelativelysmall,anditisdifficulttocalculatethedataofthefrequency
analysisofthearealstormdirectly,thedesignarealrainfallmaybecalculatedindirectlybythe
designpointrainfallandtherelationshipbetweenthepointrainfallandthearealrainfallofthe
correspondingduration.ThedesignarealrainfallHA maybeworkedoutfromthedesignpoint
rainfallHOandthepoint-areaconversioncoefficientαA:

HA =aAHO …………………………(A.1)

c) Thepoint-arearelationshipshallbeacomprehensiverelationship(i.e.therelationshipbetween
thefixedpointandthefixedarea)betweentherainfallatafixedpointandtherainfallinafixed
basinareaobtainedthroughanalysisoftheregionalrainfalldata.Thepoint-areaconversioncoef-
ficientαAshallinvolvethedifferentdurationandfrequency(orrainfallintensity)difference.
Thedesignpointrainfallcorrespondingtotherelationshipbetweenthefixedpointandthefixed
areashallbethedesignvalueatacertainfixedpointinthebasin.Inthebasinwiththerelatively
consistentstatisticalparameterofthepointrainfall,thedesignpointrainfallmeasuredbythe
gaugingstationinthecentreofthebasinmaybeused;ifthevariationamplitudeofthestatisti-
calparameterofthepointrainfallmeasuredbythegaugingstationsinthebasinishigh,thede-
signpointrainfallmayemploythevaluefrom thesinglestationapproachingtheaverage
situationinthebasin.

d) Ifthedataforanalysingthecomprehensiverelationshipbetweenthefixedpointandthefixed
areainthedesignbasinisnotavailable,thedesignarealrainfallmaybeascertainedaccordingto
therelationshipbetweenthemovablepointsandthemovablearea,butseveralbasinsorregions
withasimilardesigndrainageareanearthedesignbasinshallbeselectedtoestablishtherela-
tionshipbetweenthefixedpointandthefixedareawithinthelimitedareaandthedurationfor
verifyingtherepresentativenessoftherelationshipbetweenthemovablepointandthemovable
areaintheregion.Iftherelationshipbetweenthemovablepointandthemovableareadiffers
significantlyfromtherelationshipbetweenthefixedpointandthefixedarea,itshallbecorrec-
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tedappropriately.

e) Ifitisdifficulttoanalysetherelationshipbetweenthemovablepointandthemovablearea,the
point-areadeductionsynthesisdiagrammaybedirectlychecked.

f) Whenthedrainageareaissmallerthan100km2,thepoint-arearelationshipmaynotbeconsid-
ered,whilethearealrainfallmaybedirectlyreplacedbythepointrainfall.

A.1.2 Thedesignstormrainfallsinthevariousdurationsmaybecomputedaccordingtothe
followingprovisions

a) Withregardtothebasinsofalargescaleproject,withmanydurationstobecomputedandsuf-
ficientrainfalldata,thefrequencyanalysis may be performed byrespectivelycompiling
statisticsforthemaximumpointrainfallsofeachyearforthedesignobtainedfromseveralrain-
fallstationsinthisbasinandnearbyareas.

b) Whenthedrainageareaisrelativelysmall,thedesignpointrainfallsinseveralstandard
durationsmaybecalculatedbytheapprovedcontourmapsofitispointstormstatisticalparam-
eterforvariousdurations.

c) Tocomputethedesignrainfallofanyduration,thedesignrainfallsinnstandarddurationsmay
becalculatedfirst,andthentherainfalldurationcurvesmaybedrawnonthedoublelogarithmic
paper,fromwhichthedesignrainfallovertherequireddurationmaybeinterpolated.Whenthe
stagedrainfalldurationrelationshipisclosetoastraightline,thestormdeclineexponentformu-
lamaybeadoptedandthecorrespondingrainfallHiovertherequireddurationti maybeinter-

polatedaccordingtothedesignrainfallsHaandHbovertwoadjacentstandarddurations,aswell
asthestormdeclineexponentnabforthisintervalandexpressedaspertheFormulas(A.2),
(A.3)and(A.4):

Hi=Ha ti/ta( ) 1-nab …………………………(A.2)

Hi=Hb ti/tb( ) 1-nab …………………………(A.3)

nab=1-lgHa/Hb( )/lgta/tb( ) ……………………(A.4)

where

Hi isthedesignrainfallwithindurationti,inmm;

Ha isthedesignrainfallwithindurationta,inmm;

Hb isthedesignrainfallwithindurationtb,inmm;
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ti isthedesignduration,inh;

ta isthestandarddurationa,inh;

tb isthestandarddurationb,inh;

nab isthestormdeclineexponent.

A.1.3 Designrainfallpattern

a) Thesynthesizedortypicalrainfallpatternmaybeusedasthetime-intervaldistributionrainfall
patternofthedesignstorm;thedesignstormprocessmaybecontrolled,zoomedandascer-
tainedatthesamefrequencywiththedesignrainfallovervariousdurations.Thecomprehensive
rainfallpatternshouldbeselectedonthebasisoftheanalysisoftherainfallpatterncharacteris-
ticsofseveralheavystorms.Theanalysisoftherainfallpatterncharacteristicsincludethenum-
berofrainfallpeaks,thedurationoftherainfallpeak,theintervalbetweentworainfallpeaks
andtheoccurrencetimesequenceofthemainrainfallpeaks.Whensynthesizing,theinfluenceof
therainfallintensityandtheweatherconditionsshallbealsoconsidered.

b) Thearealdistributiondiagramofthedesignstormmaybedeterminedaccordingtothelocalsyn-
thesizedortypicaldistributiondiagram.Thesynthesizedrainfallpatternshouldbebasedonthe
analysisofthearealrainfallpatterncharacteristics.

A.2 Computationoftherunoffyieldandconcentrationofthestormflood

A.2.1 Therainfallrunoffshallbecomputedwiththefollowingmethod.

a) Rainfall-runoffcorrelationmethod(includingcorrelationcurve)seetheFormula(A.5);

R=f(P,Pa,tr) …………………………(A.5)

where

R istherunoffdepth,inmm;

P istherainfall,inmm;

Pa istheprecedingaffectedrainfallorwatercontentofthebasinunsaturatedzonebeforerain,

inmm;

tr isthedurationofrainfall,inh.
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b) Lossreductionmethod.

1) Initiallossandthelaterlossmethodseetheformula(A.6):

ft=
If-I0-Pt-t0-tr

tr
…………………………(A.6)

where

ft   istheaveragelossratiointhelaterstage,inmm/h;

If isthetotallossofthebasin,inmm;

I0 isthelossintheinitialstage,inmm;

Pt-t0-tr istherainfallcapacitywithouttherunoffyieldduringtheperiod(t-t0-tr),

inmm;

t0 isthedurationcorrespondingtoI0,inh;

tr isthedurationoftherunoffyield,inh.

2) Initiallossmethod:Alllossoccursintheinitialstageoftherainfall,andallrainfallwillturn
torunoffaftertotallossisreached.

3) Averagelossratiomethod,seetheFormula(A.7):

f=
P-R-Pt-tR

tR
…………………………(A.7)

where

f  istheaveragelossratio,inmm/h;

P istherainfall,inmm;

R istherunoffdepth,inmm;

Pt-tRistherainfallinnon-runoffyieldperiod,inmm;

tR isthedurationofrunoffyield,inh.

c) Surfacerunoff(netrunoff)process.Thesurfacerunoffprocessisusuallydistinguishedbyde-
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ductingthesubsurfacerunofftime-intervaldistributionfromtherunoffyieldprocess.Thetime-
intervaldistributionofthesubsurfacerunoff,Rg,maybeperformedbyequaldistribution,i.e.
theFormula(A.8):

fc=
Rg-RtR-tg

tc
…………………………(A.8)

where

fc  istheaveragestableinfiltrationrateofthebasin,inmm/h;

Rg istheshallowsubsurfacerunoffflow,inmm;

RtR-tc istherunoffyieldwithoutgeneratingoverlandrunoffduringtheperiodtR-tc,inmm;

tc isthenetrainfallduration,inh.

A.2.2 Thefloodconcentrationmaybecomputedwiththefollowingprovisions.

a) Empiricalunithydrograph.Thedataconcerningtheseparatefloodpeakwiththerelativelyuni-
formrainfall,therelativelyshortnetrainfalldurationandtherelativelyhighrainfallintensity
shallbeselected,andtheunithydrographmaybeascertainedaccordingtothesurfacerunoffhy-
drographcorrespondingtothenetrainfallprocess.Theunithydrographperiodisusuallyabout
1/3ofrisingdurationoftheunithydrographorthelagtimeofthefloodpeakduration.Theunit
hydrographobtainedthroughanalysisusuallyvariesalongwiththedifferentspatialandtemporal
distributionsofthemeasuredstorm,sointhecomputation,theunithydrographthatmatches
withthedesignrainfallpatternshallbeselected.

b) Instantaneousunithydrograph

1) Fundamentalformula(A.9):

U(0,t)=
1

kΓ(n)
(t/k)n-1e-t/k …………………(A.9)

where

U(0,t) istheinstantaneousunithydrograph,inm3/s;

Γ isthegammafunction;

n,k istheparameter,usuallycomputed withthemomentsmethodorusedasan
initialvaluefortheoptimizedcalculation.
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2) Non-linearcorrection:Establishtherelationshipbetweenn,korm1(nk)orandtherainfall
intensity;thedurationoftherainfallintensitymaybedeterminedbyoneofthefollowing
factorssuchastheflowconcentrationtimeinthebasin,therunoffyieldperiod,floodpeak
risingdurationandthemagnitudeofthedrainagearea.

m1=ai-b …………………………(A.10)

where

m1 isthefirstmomentabouttheoriginoftheinstantaneousunithydrograph;

i istherainfall(ornetrainfall)intensity,inmm/h;

a,bistheconstants.

TheapplicationoftheFormula(A10)islimited.Theamplitudeofthenon-linearextensionofthe
criticalrainfalliTemporaryinthecontrolFormula(A10)shallbedetermined.

c) Rationalformula

1) Fundamentalformula(Formula(A.11)and(A.12)):

Qm =0.278h
τF …………………………(A.11)

τ=0.278 L
mJ1/3Q1/4

m
…………………………(A.12)

where

Qm isthepeakdischarge,inm3/s;

h istheMaximumnetrainfallinperiodτduringthecomprehensiveconfluence,orthe
netrainfallofthesinglefloodpeakduringpartialconfluence,inmm;

F isthedrainagearea,inkm2;

τ istheconfluencedurationofthebasin,inh;

m istheconfluenceparameter;

L isthemaximumdistancealongthemainriverfromtheoutletsectiontothewater-
shed,inkm;
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J istheaveragegradientalongtheflowL(indecimals).

2) Ifnodataisavailable,TableA.2.2maybeusedasareferencefordeterminingthevalueof
mcorrespondingto,θ=L/J1/3.

TableA.1 Classificationtableoftheunderlyingsurfaceconditionsofthesmallbasin

Category

Briefdescriptionoftherainfallflood
characteristics,rivercharacteristicsand

soilandvegetationconditions

Parametervaluem ofthefloodconfluence

parametersintherationalformula

θ=1~10 θ=10~30 θ=30~90 θ=90~400

Ⅰ

Semi-aridregion,poorvegetationcondition,earth-
rockmountainousregiondominatedbybarrenslopes,

terracedfieldsorafewsparseforests,drycrop,a
wide and shallow river channel,an intermittent
streamandsteeprisinganddroppingofflooding.

1.00~1.30 1.30~1.60 1.60~1.80 1.80~2.20

Ⅱ

Generalvegetationcondition,earth-rockmountainous
regiondominatedbysparseforest,coniferousforest
andyoungforestormanycultivatedlandsareinthe
basin.

0.60~0.70 0.70~0.80 0.80~0.90 0.90~1.30

Ⅲ

Wethillyregions,goodvegetationconditions,and
rockymountainousregiondominatedbyshrubwood
andbambooforest,orwithaforestcoveragerateof
40%to50%,orpaddyfieldsandpebblesarescat-
teredinthebasin;bothbanksareovergrownwith
weeds,withlong-thinbigfloodsandshort-wideme-
diumandsmallfloods.

0.30~0.40 0.40~0.50 0.50~0.60 0.60~0.90

Ⅳ

Wetmountainousregionwithabundantrainfall,ex-
cellentvegetationconditions,withforestacoverage
rateof70%,aremostlyregionsdominatedbyold-

growthforestwiththicklitterlayer;relativelyrich
interflow;mountainousriverbed,riverchannelcon-
tainsbigcobblestoneandgravels;withheadfalls;

mostfloodsriseandfallsteeply.

0.20~0.30 0.30~0.35 0.35~0.40 0.40~0.80
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