
Principles of Principles of HydrometryHydrometry
MUKESH  ARORAMUKESH  ARORA

Scientist Scientist –– C, CWPRS, PuneC, CWPRS, Pune
canalcontrol.cwprs@gmail.comcanalcontrol.cwprs@gmail.com



��FloodFlood ForecastingForecasting –– hydrologicalhydrological datadata

��WRWR planningplanning –– basicbasic datadata forfor reliablereliable designsdesigns

��HydrologicHydrologic ResearchResearch –– calibratingcalibrating flowflow datadata

Stream Flow MeasurementStream Flow Measurement

��HydrologicHydrologic ResearchResearch –– calibratingcalibrating flowflow datadata

��OperationOperation ofof WRWR projectsprojects–– flowflow variabilityvariability inin timetime && spacespace

��IrrigationIrrigation ManagementManagement –– availabilityavailability

��RiverRiver EngineeringEngineering –– basisbasis forfor designdesign ofof bridges,bridges, culverts,culverts,
damsdams andand floodflood controlcontrol reservoirs,reservoirs, forfor floodflood plainplain
delineationdelineation andand floodflood warningwarning systemssystems



River FloodplainRiver Floodplain



Velocity distribution Velocity distribution 
IsovelsIsovels in various channel sectionsin various channel sections

Velocity of stream is controlled by surrounding channel conditionsVelocity of stream is controlled by surrounding channel conditions



Stream GaugingStream Gauging



VelocityVelocity--Area station Method Area station Method 

Q      = Q      = VVavav * A* A

Discharge  MeasurementsDischarge  Measurements
Average velocityAverage velocity

VVavav =  V=  V00..66 for shallow stream  ; depth < for shallow stream  ; depth < 3 3 mm

VVavav =  (V=  (V00..88 +V+V00..22)/)/2  2  for moderate streamfor moderate stream

VVavav = C V= C V00..5 5 for  deep stream for  deep stream ––flood flowflood flow



Rating Curve Rating Curve -- ChannelChannel



Rating curve Rating curve -- River FloodplainRiver Floodplain



Gauging Site SelectionGauging Site Selection

��Ideal site characteristics:Ideal site characteristics:

••Straight channelStraight channel
••Channel constriction (not expansion)Channel constriction (not expansion)
••Stable bed and banksStable bed and banks
••Little or no overbank flowLittle or no overbank flow••Little or no overbank flowLittle or no overbank flow
••Single channelSingle channel
••No backwater influenceNo backwater influence
••Little flow turbulenceLittle flow turbulence

��Ideal site for operating a gauging station is weir (but costly)Ideal site for operating a gauging station is weir (but costly)

��Look for Natural Weirs !Look for Natural Weirs !



Sharp Crested Flow Measurement DevicesSharp Crested Flow Measurement Devices

FourFour commoncommon shapesshapes forfor sharpsharp crestedcrested weirsweirs forfor whichwhich
dischargedischarge equationsequations havehave beenbeen developeddeveloped

Q = f (dimensions of the weir, H) Q = f (dimensions of the weir, H) 



Sharp Crested Weir Sharp Crested Weir 



Broad crested weir Broad crested weir 



INDIRECT DETERMINATION OF INDIRECT DETERMINATION OF 
PEAK RIVER DISCHARGEPEAK RIVER DISCHARGE



UNIFORM FLOW UNIFORM FLOW 

�� Uniform flow formula    Uniform flow formula    v v = C R= C Rxx SSyy

�� THE CHEZY FORMULA THE CHEZY FORMULA 

�� THE MANNING FORMULATHE MANNING FORMULA



�� FrequencyFrequency ofof soundsound isis changedchanged byby motionmotion ofof soundsound--
sourcesource relativerelative toto listenerlistener..

��ExampleExample --
••CarCar movingmoving towardstowards youyou,, youyou hearhear hornhorn ofof higherhigher

Doppler’s EffectDoppler’s Effect

••CarCar movingmoving towardstowards youyou,, youyou hearhear hornhorn ofof higherhigher
frequencyfrequency
••CarCar movingmoving awayaway fromfrom youyou,, youyou hearhear hornhorn ofof lowerlower
frequencyfrequency
••ThoughThough carcar transmittedtransmitted samesame frequency,frequency, butbut youyou hearhear
higher/lowerhigher/lower frequencyfrequency becausebecause ofof movementmovement ofof carcar
ww..rr..tt.. youyou..



�� DischargeDischarge measurementmeasurement byby AcousticAcoustic DopplerDoppler CurrentCurrent
ProfilerProfiler (ADCP)(ADCP) isis aa modernmodern methodmethod ofof dischargedischarge
measurementmeasurement.. DopplerDoppler ultrasonicsultrasonics technologytechnology isis usedused toto
measuremeasure flowflow velocityvelocity..

Acoustic Doppler Current Profiler Acoustic Doppler Current Profiler 
(ADCP)  (ADCP)  

��DischargeDischarge calculationcalculation involveinvolve measuringmeasuring flowflow areaarea ofof
streamstream atat aa certaincertain pointpoint multipliedmultiplied byby averageaverage flowflow velocityvelocity
inin thethe crosscross--sectionsection..

��Typically,Typically, flowflow areaarea isis determineddetermined byby measuringmeasuring WLsWLs
throughthrough pressurepressure transducerstransducers andand calculatingcalculating areaarea basedbased
onon thethe sizesize andand shapeshape ofof channelchannel..



�� ADCPADCP measurementsmeasurements derivederive flowflow velocityvelocity fromfrom thethe
DopplerDoppler shiftshift ofof thethe measuredmeasured returnreturn ofof anan emittedemitted
acousticacoustic signalsignal thatthat isis reflectedreflected offoff suspendedsuspended
mattermatter inin thethe waterwater columncolumn..

ACOUSTIC FLOW MEASUREMENTS ACOUSTIC FLOW MEASUREMENTS 

�� TheThe informationinformation fromfrom aa combinationcombination ofof severalseveral
(usually(usually 33 oror 44)) acousticacoustic beamsbeams isis usedused toto calculatecalculate
thethe meanmean velocityvelocity andand flowflow direction,direction, basedbased onon thethe
assumptionassumption thatthat thethe acousticacoustic scatterersscatterers movemove atat thethe
samesame speedspeed asas thethe waterwater andand thatthat flowflow isis
homogeneoushomogeneous overover thethe areaarea coveredcovered byby thethe beamsbeams.



��RapidlyRapidly replacingreplacing conventionalconventional flowflow measurementmeasurement
techniquestechniques..
��SimpleSimple maintenance,maintenance, nono movingmoving partsparts
��EaseEase andand economyeconomy withwith improvedimproved performance,performance,
relativelyrelatively highhigh spatialspatial andand temporaltemporal samplingsampling resolutionresolution
andand requirerequire fewerfewer calibrationscalibrations..

Advantages of ADCP Advantages of ADCP 

andand requirerequire fewerfewer calibrationscalibrations..
�� OtherOther applicationsapplications -- SurrogateSurrogate forfor suspendedsuspended sedimentsediment
concentrationconcentration..
��StableStable instrumentinstrument calibrationcalibration providedprovided componentscomponents areare
notnot damageddamaged
��VelocityVelocity accuraciesaccuracies uptoupto 00..33 mm/smm/s ((00..0101 ft/s)ft/s) attainableattainable



..

Velocity measurements: instrument deploymentVelocity measurements: instrument deployment

ADCP Moving boats



..

ADCPs measurements for hydrometry:
instantaneous discharge measurements



SideSide--Looking Doppler ProfilerLooking Doppler Profiler



22--d Flow profile d Flow profile 



HydroHydro--acoustic Technologyacoustic Technology

�� SoundSound fromfrom thethe outgoingoutgoing pulsepulse isis reflected/scatteredreflected/scattered inin
allall directionsdirections byby particulateparticulate mattermatter oror ““backscatterersbackscatterers”” inin thethe
waterwater..

��SomeSome portionportion ofof thisthis scatteredscattered energyenergy travelstravels backback alongalong
thethe acousticacoustic beambeam axisaxis toto thethe transducertransducer.. ThisThis returnreturn signalsignal
hashas aa frequencyfrequency shiftshift proportionalproportional toto thethe velocityvelocity ofof thethe
scatteringscattering materialmaterial..



Depth Cell

ADCP Conventional 

current meter



ADCP Discharge MeasurementADCP Discharge Measurement

TRANSECT PATH
ACROSS STREAM

QN

VW

VB



Measured and Measured and 
Unmeasured AreasUnmeasured Areas

Top estimate

Shore estimate

Shore estimate

Bottom estimate

Measured



ADCP Discharge MeasurementADCP Discharge Measurement

TRANSECT PATH
ACROSS STREAM

QN

VW

VB



Distance = 9m

Depth

Discharge MeasurementDischarge Measurement
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Distance = 57m

Discharge MeasurementDischarge Measurement
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Acoustic Doppler Current Profiler Acoustic Doppler Current Profiler 
(ADCP)  (ADCP)  

��ADCPADCP instrumentinstrument transmitstransmits soundsound pulsespulses atat aa fixedfixed
frequencyfrequency inin thethe columncolumn ofof waterwater andand receivesreceives returningreturning
echoesechoes toto produceproduce successivesuccessive segments,segments, calledcalled depthdepth cellcell..

��VelocitiesVelocities thatthat areare measuredmeasured byby thethe ADCPADCP areare assignedassigned
toto individualindividual depthdepth cellscells constituteconstitute thethe centercenter weightedweighted
meanmean ofof velocitiesvelocities measuredmeasured throughoutthroughout thethe samplesample
windowwindow..



Extrapolated
bathymetry

ADCP ADCP –– velocity profilevelocity profile

ADCPADCP resultresult containscontains informationinformation aboutabout thethe bathymetrybathymetry andand
spatiallyspatially averagedaveraged streamstream--wisewise velocityvelocity profilesprofiles.. ThisThis provideprovide aa
generalgeneral ideaidea ofof thethe velocityvelocity distributiondistribution inin thethe crosscross sectionsection..
ExtrapolatedExtrapolated edgeedge bathymetrybathymetry (blue(blue lines)lines) basedbased onon thethe depthsdepths
nearnear thethe riverriver bankbank..

bathymetry

Measured
bathymetry

Spatially averaged 
streamwise velocity



RDI Rio 
Grande 
ADCP

RDI 
StreamPro

Some Commonly Used ADCP’sSome Commonly Used ADCP’s

ADCP

SonTek  
ADP

SonTek  
Mini-
ADP

StreamPro



Transit Time Flow meterTransit Time Flow meter
�� TTTT methodmethod ofof dischargedischarge measurementmeasurement entailsentails thatthat thethe

propagationpropagation velocityvelocity ofof anan acousticacoustic wavewave andand thethe flowflow
velocityvelocity areare summedsummed vectoriallyvectorially..
AcousticAcoustic pulsepulse inin u/su/s directiondirection isis slowerslower thanthan inin d/sd/s.. TheThe
differencedifference inin transittransit timetime inin bothboth directiondirection isis determineddetermined..

�� AllAll piezopiezo--ceramicsceramics havehave atat leastleast oneone seriesseries resonantresonant
frequencyfrequency atat whichwhich theythey vibratevibrate mostmost easilyeasily.. ThisThis isis
dependentdependent onon thethe ceramicceramic material,material, shapeshape andand dimensionsdimensions..

�� AttenuationAttenuation ofof soundsound inin waterwater increasesincreases withwith
frequencyfrequency.. BecauseBecause therethere isis lessless attenuationattenuation ofof lowerlower
frequencyfrequency signals,signals, lowerlower frequenciesfrequencies areare usedused toto achieveachieve
longerlonger pathpath lengthslengths..



Ultrasonic Transit TimeUltrasonic Transit Time



Ultrasonic Transit TimeUltrasonic Transit Time



Ultrasonic Transit TimeUltrasonic Transit Time

Test of equipmentTest of equipment



3D point cloud containing surface points, flow velocity and3D point cloud containing surface points, flow velocity and

direction points in the water column and river bed elevation pointsdirection points in the water column and river bed elevation points

Diagram of the flow measurement set-up and concept. (A) The new spatial
modeling of flow vectors as a 3D point cloud containing surface points, flow velocity 
and
direction points in the water column and river bed elevation points; (B) This subfigure
contrasts the more traditional method of representing flow as a series of transects.



Most updated and well documented resource: 
http://hydroacoustics.usgs.gov



Thank you for your attentionThank you for your attention

MukeshMukesh AroraArora
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