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Foreword

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

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

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

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

throughglobalexpertcooperation,andbasedonsuccessfuldevelopmentexperiences,decidedto
developtheSHPTGstomeetdemandfromMemberStates.

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

AttentionisdrawntothepossibilitythatsomeoftheelementsoftheseTGsmaybesubjecttopa-
tentrights.UNIDOandINSHPshallnotbeheldresponsibleforidentifyinganysuchpatentrights.
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Introduction

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

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

TheTGscanbeusedastheprinciplesandbasisfortheplanning,design,constructionandmanage-
mentofSHPplantsupto30MW.

● TheTermsandDefinitionsintheTGsspecifytheprofessionaltechnicaltermsanddefinitions
commonlyusedforSHPPlants.

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

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

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

● TheConstructionGuidelinescanbeusedastheguidingtechnicaldocumentsfortheconstruction
ofSHPprojects.

● TheManagementGuidelinesprovidetechnicalguidanceforthemanagement,operationandmain-
tenance,technicalrenovationandprojectacceptanceofSHPprojects.

Ⅲ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Design
Part8:SocialandEnvironmentalImpactAssessment

1 Scope

ThispartoftheDesignGuidelinessetsoutthegeneralprinciples,contentsandrequirementsforan
environmentalimpactassessmentofansmallhydropower(SHP)constructionproject.Ascountries
typicallyhaverobustpoliciesinplaceforsocialimpactassessment,resettlementandsoilandwater
conservationimpactassessment,specialstudiesareusuallycarriedoutbythedepartmentsdesignat-
edbythecountry;thisdocumentonlyprovidesgeneraltechnicalguidance.

2 Normativereferences

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

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Environmentalimpactassessment

4.1 Generalprovisions

4.1.1 Theenvironmentalimpactassessmentshallbecarriedoutmainlyinaccordancewiththerele-
vantregulations,provisions,technicalstandardsandspecifications,aswellastheplanninganden-
gineeringtechnicaldocumentsrelatingtotherelevantbasinorarea.

4.1.2 Environmental impact assessment factors including water environment, acoustic
environment,airenvironmentandsoilassessmentfactorsshallbeselectedonthebasisofthetech-
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nicalstandardsandmanagementrequirements,todeterminetheassessmentcriteria.Assessment
factorsshouldbeselectedinaccordancewiththefollowingprinciples:

a) Surfacewaterenvironmentalassessmentfactorsmayincludewaterqualityindicators,suchas
DO,pH,CODMn,BOD5,NH3-N,TN,TP,petroleum,andcoliformgroup,andhydrologicrunoff
indicators,suchaswatersurfacearea,waterretentioncapacity,watertemperature,runoff
process,waterdepth,flowrate,andchangeofscourandsilting,accordingtothewaterfunc-
tions.

b) Undergroundwaterenvironmentalassessmentfactorsshouldbeundergroundwaterlevel,pH,

ammonianitrogen,arsenic,permanganateindex,nitrate,etc.

c) AcousticenvironmentalassessmentfactorsshallbeequivalentcontinuoussoundlevelLEQ(A).

d) AirenvironmentalassessmentfactorsshouldbeCO,NO2,PM10,TSP,etc.

e) SoilenvironmentalassessmentfactorsshouldbepH,TP,TN,organicmatters,etc.

4.1.3 Theenvironmentalimpactassessmentstandardsmaybedividedintoenvironmentalquality
assessmentstandardsandpollutionemissionstandards,whichshallcomplywiththenationalandlo-
calqualitycontrolstandards.

4.1.4 Theenvironmentalimpactassessmentgradeandscopeshallbedeterminedonthebasisofthe
classificationcriteriaspecifiedintherelevanttechnicalspecificationsaccordingtothescopeandex-
tentofbothdirectimpactandpossibleindirectimpactontheproject.Theassessmentscopeshallbe
determinedonthebasisoftheassessmentgradeofeachenvironmentalelement.

4.1.5 Thefocusofthesocialandenvironmentalimpactassessmentshallbedeterminedonthebasis
oftheengineeringcharacteristics,pollutiondischargecharacteristics,andtheoperationmodeand
sensitivityoftheenvironmentprotectionobjectives.Generally,theassessmentmainlyfocuseson
thebarrierofriverecologicalsystem,runoffregulatingeffectandincurredinfluenceonwaterenvi-
ronmentandecologicalenvironmentcausedbytheengineeringconstruction.

4.1.6 Environmentprotectionobjectivesshallmeetthefollowingrequirements:

a) Ecologicalenvironmentprotectionobjectivesshallbedefinedonthebasisofthecurrentecologi-
calenvironmentstatuswithintheconstructionareaandtheprotectionrequirementsoftheenvi-
ronmentallysensitiveregions,includingtheprotectionobjectivesofbothterrestrialecologyand
aquaticecologyintermsofspecies,communityanddiversity.

b) Waterenvironmentprotectionobjectivesshallbedefinedonthebasisofthewaterqualityand
thewatervolumerequirementswithintheconstructionareaandupstreamanddownstreamwa-
terenvironmentallysensitiveregions.
2
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c) Atmosphericenvironmentprotectionobjectivesshallbedefinedonthebasisofthecurrentat-
mosphericenvironmentstatuswithintheconstructionareaandtheprotectionrequirementsof
atmosphericenvironmentallysensitiveregions.

d) Acousticenvironmentprotectionobjectiveshallbedefinedonthebasisofthecurrentacoustic
environmentalstatuswithintheconstructionareaandtheprotectionrequirementsofacoustic
environmentallysensitiveregions.

4.2 Engineeringanalysis

4.2.1 Engineeringanalysisshallcovertheconformityoftheprojectwiththerelevantregulations
andplanning,therationalityofengineeringenvironment,constructionorganization,projectlandoc-
cupationandresettlement,projectoperation,andtheidentificationandselectionofenvironmental
impacts.

4.2.2 Environmentalrationalityanalysisshallbeundertakenfromtheperspectiveofgenerallayout,

developmentmode,waterreservoirdamlocation,dam model,stockyard,spoilarea,operation
dispatchingmodeandecologicalflowsatisfaction,andtherecommendedoralternativeschemeshall
beproposed.Ifthebasinisundercascadedevelopment,thefeasibilityandnecessityoftheconnect-
ingtheprojectwiththeexistingSHPprojectintermsofoperationmode,ecologicalschedulingand
requirementsandecologicalrestorationmeasuresofdegradedriversectionsshallbeanalysedac-
cordingtothecurrentsituationofexistinghydropowerstationsinthebasin.

4.2.3 Theconstructionanalysisshallmeetthefollowingrequirements:

a) Thevolumeofthewasteslagshallbeestimatedonthebasisoftheearth-rockexcavationand
backfill,andtheimpactoftheslagtransportationandpilingonthesurroundingenvironment
shallbeanalysedonthebasisofthelayoutofthespoilarea.

b) Theintensityandimpactscopeofnoisesourcesshallbeanalysedonthebasisoftheconstruc-
tionmachineryandvehicletransportation,andtheimpactofconstructionvehicletransportation
onthelivesandtrafficoflocalresidentsshallbeanalysed.

c) Thedischargevolumeofdomesticsewage,domesticgarbageandproductionwastewatershall
beestimatedonthebasisofthenumberofconstructionpersonnelandproductionwatercon-
sumption,andthepossiblegeneratingapproachesandimpactofpollutionshallbeanalysedon
thebasisofthesurroundingenvironmentalstatus.

d) Theimpactofconstructiononirrigation,watersupply,aquaticecologyandtraffictransportationshall
beanalysedonthebasisofconstructiondiversionandgenerallayout.

e) Theimpactapproachesandscopeoftheconstructiononenvironmentallysensitiveobjectives
shallbeanalysedandtheimpactonsurfacevegetation,topsoilresourcesandwaterloss,shall
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bealsoanalysedonthebasisofconstructionlandoccupationandsurfacedisturbance.

f) Theimpactofconstructionactivitiesonthehabitatsinenvironmentallysensitiveareasandon
themainfloraandfaunaintheregionshallbeanalysed.

4.2.4 Thepossiblesocialandenvironmentalimpactfactorsshallbeanalysedonthebasisofinunda-
tionandlandoccupation,resettlementmodeandmigrantconstructionpersonnel.Iftheconstruction
involvesenvironmentallysensitiveareas,religious,inter-stateandinternationalrelationships,ethnic
relationships,folkculture,culturalrelicsandlandscape,thesocialandenvironmentalconstraints
shallbeanalysed.

4.2.5 Theimpactoftheconstructiononecological,industrialandagriculturalwaterconsumption,

waterenvironment,existinghydropowerstationoperationandscheduling,andthedownstreamec-
ologicalenvironmentshallbeanlaysedonthebasisofthechangesofwaterresourcesdistribution,

hydrologicalandsedimentconditionsandbuildingobstruction.

4.2.6 Alltheenvironmentalelementsandfactorswhichmaybeaffectedbytheconstruction,and
whichhavebeenrestrictedoraffectedbytheexistingprojectsorcurrentenvironmentalstatusshall
belisted,andthenatureandextentofsuchimpactsshallbeidentified;themainenvironmentalele-
mentsandfactorsshallbeselectedasimportantinputsforpredictionandassessment,onthebasis
oftheidentificationofenvironmentalimpacts.Theenvironmentalimpactsmaybeidentifiedandsor-
tedbymeansofanalogyanalysis,matrixandexpertjudgement.

4.2.7 Accordingtothetype,location,sensitivityandscaleoftheproject,aswellasthecharacter-
isticsandsizeofthepotentialenvironmentalimpact,theprojectenvironmentalimpactassessment
maybedividedintothefollowingthreelevels:

a) 1stlevel:theprojectwillhavesignificantadverseenvironmentalimpactsthatmayextend
beyondthescopeoftheprojectsiteorfacilities.Itsenvironmentalassessmentshallincludethe
analysisofthepotentialpositiveandnegativeenvironmentalimpactsoftheproject,thecom-
parisonwithotherfeasiblealternatives(includinga“noproject”option),theproposalofvari-
ousmeasurestoprevent,reduce,mitigateorcompensateadverseimpactsandimproveenvi-
ronmentalperformance,andthepreparationofenvironmentalimpactassessmentreports.

b) 2ndLevel:theadverseenvironmentalimpactoftheprojectonpeopleorimportantenvironmen-
talareas,includingwetlands,forest,grasslandsandothernaturalhabitats,islessthanthe1st

level,andthescopeofimpactislimitedtotheprojectsite.Theenvironmentalassessmentshall
includethepotentialpositiveandnegativeenvironmentalimpactsoftheprojectandshallpro-
posemeasuresthatmaybeusedtoprevent,reduce,mitigateorcompensateforadverseim-
pactsandimproveenvironmentalperformance.

c) 3rdlevel:afterenvironmentalscreening,theprojecthaslittleornoadverseimpactontheenvi-
ronment,andmaynotbesubjecttofurtherenvironmentalassessment.
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4.3 Surveyandassessmentofenvironmentalstatusquo

4.3.1 Thesurveyandassessmentofenvironmentalstatusquoshallincludethesurveyandassess-
mentofregionalenvironmentalstatusquo,environmentalqualityandregionalpollutionsource.

4.3.2 Thesurveyandassessmentofregionalenvironmentalstatusquoshallincludethefollowing
content:

a) Topographicaland geological survey,including topographicalcharacteristics and types,

geologicalstructure,formationlithologyandcollapse,landslide,debrisflowandotherunfavor-
ablegeologicalphenomena.

b) Meteorologicalsurvey,includingannualprecipitationanditsannualdistribution,annualevapora-
tion,windintensity,predominantwinddirection,extremetemperatures,rainstormandother
disastrousweather.

c) Hydrographicandsedimentsurvey,includingrunoffanditscomposition,monthlyaverageflow
rate,monthlyaveragesedimentcontent,sedimentgrainsgradation,lowflowandfloodcharac-
teristics.

d) Riversystemsurvey,includingsurfacewaterhydrologicalcharacteristics,divisionofwater
systems,waterenvironmentfunctionzoning,waterqualityandwaterresourcesutilization,as
wellastherelationshipbetweenthemainworksoftheprojectandthewatersysteminthecon-
structionarea.A mapofthesurfacewatersystemshallbeattached.Iftherearedehydration
sectionsup-anddown-streamoftheproject,thelength,scope,causes,andrestorationofsuch
sectionsshallalsobesurveyed.

e) Soilsurvey,includingsoiltype,physicochemicalproperty,andfertility.

f) Terrestrialorganismsurvey,includingthetypes,distribution,coverage,anddominantspecies
ofvegetationandthedistributionandphysiologicalandecologicalhabitsofrareandendangered
animals/plants;aquaticorganismsurvey,includingthecompositionanddominantspeciesof
fish,livinghabitsofmigratoryfish,distributionofspawninggrounds,types,quantity,habits,

habitatdistributionandprotectionlevelsofrareaquaticorganismsinthewatersaffectedbythe
construction.

g) Environmentalsensitiveareasurvey,includingtypes,grade,geographicposition,scope,func-
tionzoning,protectionobjects,protectionrequirements,andspatialrelationshipwiththemain
works.

h) Waterandsoillosssurvey,includingtypes,causes,soilerosionmodulusandtreatment.

4.3.3 Thesurveyandassessmentofenvironmentalqualitystatusquoshallincludefollowingcon-
5
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tent:

a) Thebackgroundqualityofsurfacewaterenvironment,groundwaterenvironment,ecologicalen-
vironment,acousticenvironmentandairqualityenvironmentshallbeinvestigated.Theregional
environmentqualityshallbeassessedonthebasisofthesurveyofenvironmentqualitystatus
quo,andthechangetrendofenvironmentalqualityshallbeexplained.

b) Theenvironmentalqualitystatusquoshallbeassessedbymeansofenvironmentalqualitystatus
quomonitoringorrecentroutineenvironmentalmonitoringdata.Theenvironmentalqualitysta-
tusquomonitoringshallcomplywiththerelevantenvironmentalqualitymonitoringstandards,

environmentalprotectionstandardsandtechnicalguidelinesofsocialandenvironmentalimpact
assessment.

c) Majorregionalenvironmentalproblemsshallbesurveyed,andthesurveyshallincludewaterand
soilloss,treatment ofriverdehydration sections caused by hydropowerdevelopment,

dischargemanagementofpollutionsourcesandwaterqualitycompliance,riverecologicalpro-
tectionandecologicalflowassurance,etc.Thecausesofmajorregionalenvironmentalproblems
andenvironmentalconstraintsshallbeanalysed.

4.3.4 Thesurveyandassessmentofregionalpollutionsourcesshallinclude:

a) Themainpollutionfactorsandthecharacteristicpollutionfactorsofwaterenvironmentalquality
inthesurveyedregionshallbeselectedasthemainsurveyobjects.

b) Thepollutionsourcesurveyshallincludewastewaterandsewagedischargingoutlet,agricultural
non-point(diffused)sourcepollution,pesticideandfertilizeruse,aswellasthemainsources
ofnoiseandairpollution.

4.4 Predictionandassessment

4.4.1 Basicrequirementsforenvironmentalimpactpredictionandassessmentshallinclude:

a) Environmentalimpactpredictionandassessmentscopeshallbedeterminedonthebasisofthe
projectcharacteristicsandenvironmentalcharacteristics,aswellaslocalenvironmentalprotec-
tionrequirements.

b) Environmentalimpact prediction and assessmentshouldinclude construction period and
operationperiod. 

c) Assessmentshallbeconductedonthebasisoftherelevantenvironmentalstandardsandenvi-
ronmentalfunctionalrequirements.Theenvironmentalelementsandfactorsthatarenotcovered
inanyenvironmentalstandardsshouldbeassessedbyenvironmentalbackgroundvalueand
thresholds.
6
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d) Thepredictionandassessmentshallmainlyfocusontheimpactofhydrologicalregime,water
temperatureandwaterquality,riverandlakeecosystem,andproposedischargeprocessofeco-
logicalflow.

e) Environmentalimpactpredictionmaybeconductedbymeansofmathematicalmodel,physical
model,analogyinvestigation,landscapeecology,graphicoverlayandprofessionaljudgement.

4.4.2 Thepredictionandassessmentshallcomplywiththefollowingrequirements:

a) Iftheprojectoperationislikelytochangethedownstreamhydrologicalregime,theimpactof
theconstructiononthewaterconsumptionofthedownstreamlife,productionandecological
environmentshallbepredicted.ForthediversionpowergenerationprojectorSHPstationwitha
regulatingreservoir,thesatisfactionofdownstreamecologicalflowshallbeanalysed.Thecom-
positionanddeterminationmethodofecologicalflowaredescribedinAppendixA.

b) Theinfluenceofwatertemperaturestratifiedreservoirconstructiononwatertemperatureshall
bepredicted,andtheinfluenceoflow-temperaturewaterdischargeondownstreamecologyand
agricultureshallbeanalysed.

c) ForanSHPprojectthatisratedas“sensitiveto”thegroundwaterenvironment,thegroundwa-
terenvironmentalimpactassessmentshallbecarriedout.

d) Theimpactofreservoirinundationandprojectlandoccupationonlandresources,culturalrelics
andhistoricsites,folkcultureandlandscaperesourcesshallbepredicted.

e) Whenresettlementisinvolved,theimpactofsuchresettlementonthequalityoflife,employ-
ment,healthcare,education,infrastructure,religiousandethnichabits,communityrecon-
struction,resettlementenvironmentquality,andwaterandsoillossshallbeassessed.

f) Theimpactofinundation,landoccupation,resettlement,andconstructionactivitiesonthehab-
itatsofwildplants,rarewildanimalsandendangeredwildanimalsshallbepredicted.

g) Whentherearerarefish,endangeredfish,uniquefishandmigratoryfishintheriverwherethe
projectislocated,theimpactofprojectconstructiononsuchfishspeciesshallbeanalysed.

h) Whentheprojectinvolvesnaturalreservesandotherenvironmentallysensitiveareas,the
impactontheprotectedobjects,scopeofprotectionandthestructureandfunctionoftheenvi-
ronmentallysensitiveareasandtheimpactontheriverecologicalsystemshallbepredicted.

i) Whenitispreliminarilydeterminedthattheprojectmayhaveanimpactonenvironmentalgeolo-
gythroughgeologicalsurvey,theimpactoftheprojectonlandslides,bankcollapseandother
environmentalgeologicalconditionsshallbepredicted.

7
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j) Theimpactofwastewaterandsoilerosionduringconstruction,aswellastheimpactofcon-
structionontheambientair,acousticenvironment,solidwasteandhumanhealthshallalsobe
predicted.

k) Analysetheimpactoftheprojectonlocalemployment,economicdevelopment,resourceutili-
zationandpeople’slivingconditions.

l) Fortheprojectwithenvironmentalrisks,thesourceitemsofenvironmentalrisksshallbeana-
lysed,theconsequenceofenvironmentalrisksshallbecalculated,andtheenvironmentalriskas-
sessmentshallbecarriedout.

4.5 Protectionmeasures

4.5.1 Protectionmeasuresshallbetechnicallyfeasible,economicallyreasonable,operationallyrelia-
bleandassessiblefortheenvironmentalprotectionobjectives.

4.5.2 Protectionmeasuresshallmeetthefollowingrequirements:

a) Iftheprojectoperationaffectsdownstreamwaterconsumption,measuresforimprovementand
compensationshallbeproposedandtheecologicaldischargefacilitiesshallbesetup.

b) Ifthewatertemperaturelayeringaffectsthedownstreamagriculturalirrigationoraquaticecolo-
gy,thestratifiedintakefacilitiesorotherwatertemperaturerestoration measuresshallbe
setup.

c) Iftheprojectaffectsagroundwatersensitivearea,protectionmeasuresforgroundwaterenvi-
ronmentshallbeproposed.

d) Iftheprojectconstructionaffectsrarewildanimals/plants,transplantationandanimalhabitat,

protectionmeasuresorrehabilitationshallbetaken.

e) Iftheprojectconstructionaffectssensitiveareassuchasnaturereserves,protectionoravoid-
ancemeasuresshallbetaken.

f) Theimpactonmigratorypassagesoffishshallbeaddressedbybuildingfishpassagesorbyarti-
ficialpropagationandreleasing.

g) Sewagetreatmentmeasuresshallbeproposedduringconstructionperiod.

h) Dustfallandnoisereductionmeasuresshallbetakenduringconstructionperiod.

i) Healthprotectionmeasuresforworkersshallbetakenduringconstructionperiod.
8
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j) Riskpreventionmeasuresshallbeproposedfortheprojectswhichinvolveenvironmentalrisks.

k) Protectiveorcompensationmeasuresshallbeproposedtoprotectlocalculture,culturalrelics
andhistoricsites,andlandscape.

4.6 Managementandmonitoring

4.6.1 Environmentalmanagementandmonitoringshallbecarriedoutaccordingtotheconstruction
andoperationperiods.Environmentalmanagementmeasures,monitoringplansandenvironmental
protectionacceptanceobjectivesshallbeproposed.

4.6.2 Inlightoftheimpactcharacteristicsoftheconstructionproject,correspondingmonitoring
plansforenvironmentalquality,pollutionsources,ecologicalandsocialenvironmentalimpactsshall
beformulated.

4.6.3 Forabnormaldischargingandaccidentaldischarging,especiallyenvironmentalrisksthatmay
arisefromaccidentaldischarging,preventionandemergencyresponseplansshallbeproposed;for
constructionprojectswithlongconstructionperiodsandwideimpactscopes,specificrequirements
forenvironmentalsupervisionduringtheconstructionperiodshallalsobeproposed.

4.7 Investmentandanalysisofeconomicgains/losses

4.7.1 Thesocialandenvironmentalprotectioninvestmentestimationshalldefineaclearbasis,ex-
pensesandstandard.Totalinvestmentandannualinvestmentarrangementsshallbecalculatedonthe
basisofproposedprotectionmeasuresquantitiesandexpensestandards.

4.7.2 Theeconomicvalueofthesocialandenvironmentalimpactgeneratedfromtheconstruction
projectshallbeestimatedfrombothpositiveandnegativeenvironmentalimpactsoftheprojectina
qualitativeandquantitativeway,andthisvalueshallbeincludedinthecost-benefitanalysisofthe
projectasoneofthebasisforjudgingthefeasibilityoftheconstructionproject.

4.7.3 Thepredictedimpactaftertheimplementationoftheconstructionprojectshallbecompared
withthesocialandenvironmentalstatusquo.Thesocialandenvironmentalimpactfactorsthatare
required,orpossiblyrequired,ineconomicassessmentshallbeselectedfromenvironmentalele-
ments,resourcetypesandsocialculture.Thequantifiedsocialandenvironmentalimpactshallbe
monetized,andtheresultsshallbeincludedintheeconomicanalysisoftheconstructionproject.

5 Landacquisitionandresettlement

5.1 Physicalsurveyoflandacquisitionforconstruction

5.1.1 Thescopeoflandacquisitionforconstructionincludestheprojectconstructionareaandres-
9
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ervoirsubmergedarea.

a) Theprojectconstructionareaincludesthepermanentstructuressuchasthedamandpowersta-
tion,thelandforexternaltraffic,themanagementareaandthescopeofpermanentlandacqui-
sition,aswellasthelandforthematerialyard,wasteyard,operationarea,temporaryroads,

constructioncamp,materialtransportationandtransferstation,landforothertemporaryfacili-
tiesandtheareaaffectedbyconstructionblasting.

b) Thesubmergedareaaffectedbythereservoirincludesthereservoirsubmergedareaandtheres-
ervoirimpoundmentaffectedarea.

1) Thereservoirsubmergedareaincludestheregularsubmergedareabelowthenormalstorage
levelofthereservoir,andthetemporarysubmergedareaabovethenormalstoragelevelof
thereservoircausedbythefloodbackwater,windandwaves,boatwave,icejam,etc.

2) Thereservoirimpoundmentaffectedareaincludesthegeologicaldisasterareasuchasim-
mersion,bank collapse,landslide, water logging,reservoir leakage caused by
impoundmentand otherareasaffected byreservoirimpoundment,such asisolated
islands,etc.

5.1.2 Thedesignedfloodstandardforreservoirsubmergedobjectsisexpressedwitharecurrence
period(year)andcanbedeterminedinaccordancewithTable1.

Table1 Designedfloodstandardsfordifferentsubmergedobjects

Submergedobject
Recurrenceperiod

(year)

Cultivatedland,gardenland 2~5

Woodland,grassland,unusedland Normalwaterlevel

Ruralresidentialareasandtowns,generaltownsandgeneralindustrialandmin-
ingareas

10~20

Mediumcity,mediumindustrialandminingarea 20~50

5.1.3 Thephysicalobjectsoflandacquisitionandmigrationrefertothepopulation,land,buildings
(structures),mineralresources,culturalrelicsandhistoricalsites,municipalengineering,publicfa-
cilitiesandinfrastructurewithinthescopeoflandacquisition.

5.2 Resettlementplanning

5.2.1 Resettlementplanningincludesresettlementtasksandmethods,selectionanddesignofthe
resettlementsites,infrastructureandsupportingfacilitiesofmunicipalpublicutilitiesandprotection
ofthereservoirarea.
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5.2.2 Inaccordancewiththeregulations,anapproachsuitableforlocalnaturalconditions,social
andeconomicconditionsandthewillingnessofmigrantsshallbeselectedtodeterminetheresettle-
mentobjectives.

5.2.3 Migrantresettlementtasksshallbedeterminedbythepopulationtoberesettled,including
productionresettlementpopulationandrelocationresettlementpopulation,andmeetthefollowing
requirements:

a) Theproductionresettlementpopulationshallrefertothepopulationwhoneedtorearrangepro-
ductionmodesduetothelossoflandandothermeansofproductioncausedbytheprojectcon-
struction.

b) Therelocationresettlementpopulationshallrefertothepopulationmustmoveoutandberelo-
catedduetotheprojectconstruction.

c) Theresettlementpopulationinthebase-yearshallbedeterminedbyon-siteinvestigationscom-
binedwithrelevantlocalregulations.

5.2.4 Thenaturalgrowthrateofthepopulationfromthesurveybase-yeartothedesignlevelyear
shallbeconsideredintheresettlementofmigrants,whichmaybedeterminedaccordingtotheFor-
mula(1).

B=B0(1+R)(n1-n2) …………………………(1)

where

B isthepopulationatthedesignlevelyear,inperson;

B0 isthepopulationatsurveybase-year,inperson;

n1 isthedesignlevelyear,inyear;

n2 isthesurveybase-year,inyear.

5.2.5 Theresettlementtargetreferstotheoveralllevelthatmaybeachievedinthedesignlevel
yearafterresettlement,includingeconomicdevelopmentgoalsandsocialdevelopmentgoals.The
resettlementtargetshallbedeterminedinlinewiththeprinciplethattheproductionandlivingstand-
ardsafterresettlementhavereachedorexceededtheoriginallevelbeforetherelocation,andthe
specificcontentshallinclude:

a) Economicdevelopmentgoalsincludepercapitanetincome,percapitafoodavailability,etc.
11
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e) Riparian vegetation shall be restored in all areas wherever feasible.

storedtovegetationororiginalland-usefunctions.
d) Afterconstruction,exceptforpermanentstructuresandwatersurface,otherlandsshallbere-

c) Theabandonedslagshallbestoredintheslagyardandprotectivemeasuresshallbetaken.

b) Soilerosioncausedbyprojectconstructionshallbeeffectivelycontrolled.

a) Artificialdisturbancetotheoriginallandformshallbeminimized.

6.1.2 Objectivesofsoilerosioncontrolinclude:

temporarylandacquisitionandotherlandmanagedandused.
6.1.1 Thescopeofdisturbedlandcausedbytheprojectconstructionshallincludepermanentand 

6.1 Objectivesandrequirementsofsoilerosioncontrol

6 Soiland waterconservation

servicefees,technicaltrainingfees,taxes,etc.
5.3.4 Otherexpensesincludepre-workfees,comprehensivesurveyanddesignfees,consulting 

jects,protectionprojectsandreservoirbottomcleaningintheresettlementarea.
5.3.3 Theprojectconstructionfeeincludescostsofinfrastructureprojectsandprofessionalpro- 

housingsubsidies,cultureandeducationandhealthsubsidies,andrelocationtransitionalallowance.
pensation fees,industrial enterprise compensation fees,relocation allowances,poor-migrant 
housedecoration,plantcompensation,forestcompensation,agriculturalandsidelinefacilitiescom- 
acquisitionlandcompensationfees,housingandancillarybuildingcompensation,compensationfor 
5.3.2 Compensationsubsidiesmainlyincludelandcompensationandresettlementfees,temporary 

constructionfeesandotherexpenses.
resettlement planning for construction, mainly including compensation subsidies, project 
tionsofthenationalandlocalgovernment,andtheresultsofphysicalsurveysoflandacquisitionand 
5.3.1 Thecalculationofcompensationinvestmentshallbebasedontherelevantlawsandregula- 

5.3 Compensationinvestment

resettlementareas.
b) Socialdevelopmentgoalsincludedevelopmentgoalsforsocialutilitiesandinfrastructureinthe
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6.2 Measuressystemforsoilerosioncontrol

Thepreventionandcontrolmeasuresforsoilerosionmainlyincludeslagretainingprojects,slope
protectionprojects,landimprovementprojects,floodcontrolanddrainageprojects,precipitation
andseepagestorageprojects,windpreventionandsandcontrolprojects,vegetationrestorationand
constructionprojectsandtemporaryprojects.Correspondingpreventionandcontrolmeasuresshall
betakenaccordingtotheactualsituationoftheproject.

6.3 Investmentinsoilandwaterconservation

Thecostsinsoilandwaterconservationincludeengineeringmeasuresfee,plantmeasuresfee,tem-
porarymeasuresfee,miscellaneousfeeandotherexpensesstipulatedbythestate.

7 Socialimpactassessment

7.1 Socialimpactassessmentshallbeconductedthroughpublicparticipation.Objectivesofpublic
participationshallincludeaffectedresidentsandgroups(stakeholders),competentauthorities,ex-
pertsandsocialorganizations,andshallmeetthefollowingrequirements:

a) Methodsandproceduresforhearingtheircommentsshallbedetermined.

b) Publicparticipationcommentsshallbeanalyzed,mainconclusionsshallbedrawn,andmakeit
clearwhethertheopinionsareadoptedornot,andthereasonsshallbeclarified.

7.2 Theinvestigationofsocialenvironmentalstatusquoshallincludethepopulation,land,employ-
ment,income,publicfacilities,publichealthamenities,religionandnationality,communitystruc-
ture,culturalrelicsandhistoricsites,andlandscaperesourcesintheaffectedarea.

7.3 Onthebasisoftheinvestigationofsocialenvironmentalstatusquo,theobjectivesofsocial
environmentalprotectionshallbeproposedaccordingtolocallivingstandards,religiousandethnic
customs,andtheprotectionoftherightsofresidentsaffectedbytheproposedproject.

8 Conclusionofassessmentandadvice

Conclusionofassessmentandadviceshallmeetthefollowingrequirements:

a) Summarizealltheassessmentwork.

b) Therelationshipbetweenproductionandlivingactivitiesinthisconstructionprojectandlocal
communityandenvironmentduringdifferentimplementationphasesshallbesummarizedcon-
cisely,accuratelyandobjectively.
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c) Thesocialandenvironmentalimpactoftheconstructionprojectundernormalandspecificcir-
cumstancesshallbeclarified,andprotectionmeasuresshallbeproposed.

d) Conclusionsfrompublicparticipationshallbeconsidered.

e) Conclusionastowhethertheconstructionprojectisfeasiblefromtheperspectiveofsocialand
environmentalprotectionshallbearrivedat.
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AppendixA
(Normative)

CalculationmethodofecologicalflowofSHPstation

A.1 Waterdemandnecessaryformaintainingstabilityoftheaquaticecosystem

Thewaterdemandnecessaryformaintainingthestabilityofanaquaticecosystemmaybecalculated
bythehydrologicalmethod,thehydraulicsmethod,thecombinationmethod,thecomprehensive
methodandtheecologicalhydraulicmethod.

A.1.1 Hydrologicalmethod

Thehydrologicalmethodisbasedonthehistoricalflowanddeterminestheecologicalwaterdemand
oftheriverbasedonsimplehydrographicindicators.Themostcommonlyusedrepresentativemeth-
odsincludetheTennantmethodandtheminimummonthlyaveragerun-offmethod.

A.1.1.1 Tennantmethod

a) Calculationmethod:onthebasisofthehydrologicaldata,theconditionsofflowinariverisex-
pressedbytheannualaveragerun-offpercentage.

b) Protectionobjectives:fish,aquaticbirds,mammals,reptiles,amphibians,molluscs,aquatic
invertebratesandallrelevantlifeformswhichcompeteforwaterwithhumanbeings.

c) Calculationstandard:

TableA.1 Flowratesofriverswithprotectedfish,wildanimals,recreationalpurposesand
environmentalresources

Descriptionofflowconditions
Recommendedbaseflow
(lowflowperiod)

(%averageflowrate)

Recommendedbaseflow
(highflowperiod)
(%averageflowrate)

Inundationormaximum

Bestscope 60~100 60~100

Verygood 40 60

Good 30 50

Moderate 20 40

Generalorpoor 10 30

Badorminimum 10 10

Extremelybad 0~10 0~10
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d) Basicrequirements:

1) Accordingtodifferentareas,differentwaterdemandanddifferentprotectionobjects,a
seriesofhydrologicaldatashallbecarefullyanalysed;dataonrelevantriversectionsshall
beanalysed;andflowratestandardsshallbeadjustedmaketheadjustedflowconformto
thelocalriversituation.

2) Aquaticorganismshavedifferentflowraterequirementsindifferentseasons.Thedischar-
gingflowdurationcurvewithintheyearshallbepreparedonthebasisofdifferentflow
raterequirementsindifferentmonthsanddifferentseasonsintheecologicalsystem,and
thecurveshallmeetthehabitatrequirementsoftherelevantaquaticorganisms.

e) Scopeofapplication:thehydrologicalmethodmaybeusedfortheinitialobjectivemanagement
andstrategicmanagementoftheriver.

A.1.1.2 Minimummonthlyaveragerun-offmethod

a) Calculationmethod:themulti-yearaveragevalueoftheminimum monthlyaveragemeasured
run-offistakenasthebasicecologicalenvironmentalwaterdemandofariver:

Wb=
T
n∑

n

i=1
min(Qij)×10-8 ………………………… (A.1)

where

Wb isthebasicecologicalenvironmentwaterdemandofriver,in108 m3;

Qij isthemonthlyaverageflowrateofMonthjinYeari,inm3/s;

n isthestatisticalyears;

T istheconversioncoefficient,forwhichthevalueis31.536×106s.

b) Assumedconditions:Underthisflowrate,thedownstream waterdemandmaybesatisfied,

andtheflowoftherivermaynotgetinterrupted.

c) Scopeofapplication:itisapplicabletoaridandsemi-aridareasandriverswithcomplexecolog-
icalenvironmentalobjectives.Thecalculationresultmayberelativelylargeforaregionwitha
relativelysingleecologicalenvironmentobjective.

A.1.2 Hydraulicsmethod

Thehydraulicsmethodisamodeldesignedbythestandardofhabitatprotectiontype,mainlyinclu-
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dingthewettedperimetermethodandtheR2-CROSSmethodbasedonhydraulicparameters.

A.1.2.1 Wettedperimetermethod

a) Calculationmethod:thewettedperimeter(SeeFigureA.1)isadoptedasaqualityindicatorof
habitat,andisusedtodrawawettedperimeter-flowratecurveforthecriticalhabitatarea
(usuallyshoal);itdeterminestherecommendedflowrateoftheriverattheturningpointofthe
curve(SeeFigureA.2).

FigureA.1—DefinitionoftheWettedPerimeter

NOTE
lft3(cubicfeet)=0.0283168m3

FigureA.2—WettedPerimeter-FlowRateRelationship

b) Constraints:Thewettedperimetermethodisgreatlyinfluencedbytheshapeoftheriver.For
example,thecurveofatriangularriverdoesnotshowsignificantgrowthchanges;whereasriv-
erswheretheriverbedshapevariesoverbothdistanceandtimecannotberepresentedinasta-
blewettedperimeter-flowratecurveandhencethefixedrelationshipmaynotbeestablished.

c) Scopeofapplication:itisapplicabletowide-shallowrectangularandparabolicriverswithstable
riverbedshape.
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A.1.2.2 R2-crossmethod

a) Calculationmethod:theriverwidth,averagewaterdepth,averageflowrateandwettedperim-
eterrateareusedtoevaluatetheprotectionleveloftheriverhabitatandthusdeterminethe
rivertargetflow.Inthismethod,thewettedperimeterrateisthepercentageofawettedper-
imeterofacrosssectionataflowratetothefullwettedperimeteratthemulti-yearaverage
flowrate.

b) Calculationstandard

TableA.2 StandardfordeterminingminimumflowratewiththeR2-crossmethod

Rivertopwidth(m)
Averagewaterdepth

(m)
Wettedperimeter

rate/%
Meanvelocity(m/s)

0.3~6.3 0.06 50 0.3

6.3~12.3 0.06~0.12 50 0.3

12.3~18.3 0.12~0.18 50~60 0.3

18.3~30.5 0.18~0.3 ≥70 0.3

c) Constraints

1) Theflowofaseasonalrivercannotbeascertained.

2) Lowerprecision:onthebasisofthemeasureddataofarivercrosssection,therelevant
parametersaredeterminedtorepresentthewholeriver,whichispronetoerrors,andthe
calculationresultsaregreatlyaffectedbytheselectedcrosssection.

3) Singlestandard:thehydraulicparametersofbothtriangularriversandwide-shallowrivers
arebasedonthesamestandard.

4) Smallstandardscope:thestandardscopeisfor18mto30minriverwidth.

d) Scopeofapplication:itisapplicabletosmallperennialrivers.Italsoprovidesthehydraulicbasis
forothermethods.

A.1.3 Combinationmethod(hydrological-biologicalanalysismethod)

a) Calculationmethod:themulti-variateregressionstatisticalmethodshallbeusedtoestablisha
relationshipbetweentheinitialbiometricdata(speciesbiomassordiversity)andenvironmental
conditions(flow,flowvelocity,waterdepth,chemicalcontents,andtemperature)tojudge
theorganisms’demandfortheriverflowandtheimpactofflowchangesonthebioticpopula-
tion.
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b) Objectsofstudy:fish,invertebrates(insects,crustaceans,andmolluscs)andlargeplants(ad-
vancedplants).

c) Scopeofapplicable:itisapplicabletotheriverswhicharelessaffectedbyhumanbeings.

A.1.4 Ecologicalhydraulicsmethod

A.1.4.1 Calculationmethod:

a) Thisisahabitatsimulationmethodthatdeterminestheappropriateflowrateinahydraulichabi-
tatadaptedbyaquaticorganisms.Itisassumedthatwaterdepth,flowvelocity,wettedperim-
eter,watersurfacewidth,cross-sectionalarea,watersurfaceareaandwatertemperatureare
themainhydraulichabitatparametersthatimpactthequantityanddistributionofspeciesby
flowratechange,andthetorrents,slowflows,shoalsanddeeppoolsarethemainhydraulic

parametersforsuchimpact.

b) Themodelisdividedintothreeparts(seeFigureA.3).Thefirstpartisadescriptionoftheriver
aquatichabitat.Thismoduleanalysesthemostbasicsurvivalrequirementsofaquaticorganisms
ontheparametersofwaterdepth,velocityandotherhydraulichabitats;theimpactofwater
temperaturechangeonaquaticorganisms;andthebasicsurvivalrequirementsofaquaticorgan-
ismsontorrentandotherhydraulicforms.Thesecondpartisariverhydraulicsimulation.This
uses1D,2Dor3Dhydraulicmodelstosimulatethehydraulicsofthestudiedriversectionand
calculateschangesinthehydraulichabitatparametersofthesectionunderdifferentflowrates.
Thefirstandsecondmodulesarethenanalysedtodevelopahydraulichabitatindicatorsystem.
Thethirdmoduleismakingdecisionsontheriveraquaticecologicalflowrate.Professionalsen-

gagedinhydrographicresources,hydraulics,environmentalassessmentandaquaticecologyde-
terminetheriver’secologicalflowonthebasisofthehydraulichabitatindicatorsystem,com-
binedwiththeprocessofcomingwater,localsocioeconomicdevelopmentstatusandpolicies.

FigureA.3—Schematicdiagramfortheecologicalhydraulicmethod
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A.1.4.2 Indicatorsystemforlowflowperiod:

a) Full-stream hydraulichabitatparameters:Calculatethehydraulicparametersfordifferent
sectionsoftheriverwithvaryinglengthsanddeterminethepercentageofeachriversection
lengthwithrespecttothelengthofthewholeriversection.Thiseliminateserroneousjudge-
mentsbasedsolelyontheparametersofasmallsectionofriverthatformsaverysmallper-
centageofthewholeriverlength.

b) Watersurfacearea:Calculatethewatersurfaceareaunderdifferentflowratesandtheper-
centageofsurfaceareaundermulti-yearaverageflowrateinthelowflowperiod.

c) Hydraulicform:Calculatethenumberofsectionswithslowflow,torrentialflow,relatively
torrentialflow,andrelativelyslowflow,underdifferentflowrates,anddeterminetheirtotal
lengthandrespectivepercentageofthetotalsectionlength.Calculatethenumberofshoalsand
deeppoolsunderdifferentflowrates.

d) Watertemperature:Establishamonthlyfullstream watertemperaturechangecurve;list
monthlywatertemperaturesunderdifferentflowratesatthecrosssectionswhereextreme
watertemperaturesoccur.

e) Annualchangesofhydraulichabitatparameterssuchasthewaterdepthintypicalsection:

Comparetheannualvariationsofhydraulichabitatparametersatthecrosssectionswherelarge
tributariesjointhemainstream.

A.1.4.3 Standardsforindicators:

TableA.3 Standardsfordeterminingthehydraulichabitatparametersoflargerivers
underminimumflowratewiththeecologicalhydraulicsmethod

Habitatparameterindicator Minimumstandard
Percentageofaccumulated

riversectionlength,percent

Maximumwaterdepth 2-3timesbodylengthoffish 95

Averagewaterdepth ≥0.3m 95

Averagespeed ≥0.3m/s 95

Watersurfacewidth ≥30m 95

Wettedperimeterrate ≥50% 95

Flowcrosssectionarea ≥30m2 95

Watersurfacearea ≥70%

Watertemperature
Suitableforsurvivalandreproduction

offish

Habitatformindicator Conceptdefinition
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TableA.3(continued)

Habitatparameterindicator Minimumstandard
Percentageofaccumulated

riversectionlength,percent

Torrentialflow Averageflowrate≥1m/s

Relativelytorrentialflow Averageflowrate0.5m/s~1m/s

Relativelyslowflow Averageflowrate0.3m/s~0.5m/s

Slowflow Averageflowrate≤0.3m/s

Nobigchangeinsectionnumber,

thelengthofaccumulatedriver
lengthwithtorrentialflowand
relativelytorrentialflowis

reduced<20

Deeppool Maximumwaterdepth≥10m

Shoal
Riverbankslope≤10°,waterdepth

within5mscope≤0.5m

Nobigchangesinnumber

A.1.4.4 Scopeofapplication:itisapplicableforcalculationofecologicalflowratesoflargeand
mediumrivers.Formediumrivers,theabove-mentionedstandardmaybeadjusteddownwardsap-
propriately.

A.2 Minimumdilutedandpurifiedwatervolumeneededtomaintainriverwater
environmentquality 

A.2.1 7Q10method

Theaveragewatervolumethathasa90percentchanceoflowestflowforsevenconsecutivedays
isusedastheminimumdesignriverflowrate.

A.2.2 Stablewaterqualitymodel

Takingeachsewageoutletoftheriverastheboundaryline,theriverisdividedintoseveral
sections.Forgeneralinlandriversections,theformulaofallowablepollutantdischargingquantityis:

Wi=Cs(Q0+qi)-C0Q0exp-
Kxi

u
æ

è
ç

ö

ø
÷ ……………………(A.2)

Fortidalriversectionsandnetworkedsections,theformulaofallowablepollutantdischargingquan-
tityis:

Wi=Cs(Q0+qi)-C0Q0 exp-
u

2Ex
1- 1+4KExlu2( )xi

æ

è
ç

ö

ø
÷

é

ë
êê

ù

û
úú …………(A.3)

Asforthewholeriversection,thetotalallowablequantityofpollutants,W,isthesumoftheal-
lowablequantityofpollutantsforeachriversection,Wi.
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Where

Wi istheallowabledischargingquantityofpollutantsforariversectioni,ing/s;

CS isthewaterenvironmentqualitystandardforconcentrationofpollutantsfromacrosssection,

inmg/L;

Q0 istheupstreamincomingflowrate,inm3/s;

qi isthesewageflowrateofriversectioni,inm3/s;

C0 istheconcentrationofpollutantsinwatercomingfromupstream,inmg/L;

K isthePollutantattenuationcoefficient,ind-1;

xi isthecombinedlengthofriversectioni,inm;

u istheaverageflowrateofwaterbody,inm/s;

Ex isthelongitudinaldispersioncoefficient,incm2/s.

A.2.3 Environmentalfunctioningmethod

Thismethodisusedtocalculatethewaterdemandtomeettheriverwaterdilution,self-purification
andotherenvironmentalfunctions,onthebasisofthewaterqualityprotectionstandardsandthe
concentrationofdischargingpollutants.

Dividetheriver(riversection)intoismallsections,andassumeeachsmallsectionasaclosed
catchmentarea.Onthebasisofthewater-volumebalancemethodandwaterqualitymodel,calculate
theriverwaterdemandofeachsection,Qvi(i=1,2,…,n,),andthenaddthesetogethertoob-
taintheenvironmentalwaterdemandforthe wholeriver (riversection).Qvi shallmeetthe
followingequations:

Qvi≥λ×Qwi

Qvi≥Qni(p)
…………………………(A.4)

where

λ   istheriver-dilutingcoefficient;

Qwi isthereasonabletotalsewagedischargingquantityofismallsections,referringtothevol-
umeofsewagethatmeetsthedischargingstandards;
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Qni(p)istheflowrateofismallsectionsunderguaranteedrates(monthlyguaranteedrate,e.g.p0

=90%,orp0=80%)designedfordifferenthydrologicalyears(suchasmulti-yearaverage,

lowflowyear,andnormalflowyear).

A.3 Sediment-transportwaterdemandfortheriver

Wi=Si/
1
n∑

n

i≠1
max(Cij) …………………………(A.5)

where

Wi isthesedimenttransportwaterdemand,inm3;

Si isthemulti-yearaveragesedimentvolume,inm3;

cij isthemonthlyaveragesedimentcontentofMonthjinYeari,inm3;

N isthestatisticalyears.

A.4 Riverevaporationwaterdemand

V=H0(A-P) …………………………(A.6)

where

V isthenetevaporationlossofwaterduringobservationperiod,inm3;

H0 istheevaporationdepthofwatersurfaceduringobservationperiod,inm;

A istheaverageimpoundmentareaofwaterduringobservationperiod,inm2;

P istheprecipitationduringobservationperiod,inm.
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