4.3
Direct Determination of Discharge
Discharge is the volume of water passing through a certain section in a unit time period. It is
commonly expressed in cubic metres per second (m3/s or cumec). The discharge at a site is a
function of the cross-section area and flow velocity. The cross-section area, in turn, depends on
river stage. At most stations, discharge is measured once a day; at important stations or during
high flows, it might be measured more frequently.
Discharge measurement techniques can be broadly classified into two categories: (i)
direct determination, and (ii) indirect determination. There are many methods under each
category. The important ones are discussed here.
In the direct determination methods either discharge itself is measured or some variable
on which discharge depends is measured. The commonly used methods are: velocity-area
methods, dilution techniques, electromagnetic method, and ultrasonic method. The first two are
described here.
4.4
Velocity-Area Methods
Discharge is the product of cross-sectional area and velocity of water. The velocity-area methods
involve measuring the flow area and velocity and these are multiplied to get discharge:
Q=v*A

(4.1)

where Q = discharge [m3/s], v = velocity [m/s], and A = cross-section of flow [m2].
Since the velocity of flow at a cross-section varies laterally and with depth, it is not
enough to measure the velocity at a single point. Depending on the accuracy required, the width
of the stream is divided into a number of vertical portions (Fig. 4.7). In each of these portions,
the velocity is measured at one or more points along the depth to get a representative velocity in
that portion. The area of the individual portion can be easily calculated if the bed profile and
stage are known. The velocity may be measured by a conventional method (for example, float or
current meter) or by an advanced procedure, for example, the moving boat technique.
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Figure 4..8 Typical veelocity profile (top) and velocity disttribution (isoovels) in a cchannel (botttom).
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velocity of water when they cross the upstream cross-section. Floats may be tossed from a bridge
or cableway; if there is no such facility than they can be thrown in the water from the river bank.
When the float crosses the upstream cross-section, the upstream observer gives a signal to the
downstream observer who notes the time taken by the float to cover the distance.
The velocity of the float is equal to the distance between the two cross-sections divided
by the time taken by the float to cover this distance. The mean velocity in the vertical is
determined as the float velocity multiplied by a coefficient which varies between 0.80 and 0.85.
This coefficient depends on the shape of the velocity profile of the river and the depth of
immersion of the float. Discharge for the segment is calculated as the segment area multiplied by
the segment velocity. Total discharge is obtained as the sum of segment discharges and mean
velocity of flow is computed as the total discharge divided by total area.
Floats can rarely be positioned at the desired location in the cross section. If these are
thrown manually, it is difficult to throw them very far and hence only the velocity of water near
the banks can be measured. Float measurements are not very reliable and this method is normally
restricted to an emergency or to measure high discharges when current meter is not available or
can’t be used. Hence, floats should be used only when it is not possible to use any other better
method.
4.4.2 Measurement of Flow Velocity by Current Meters
Current meter is the most commonly used instrument to measure the velocity of flowing water.
Accurate measurements of the velocity profile of the stream cross section are made by current
meters. A current meter consists of rotating element (rotor) whose movement is due to the
reaction of the stream current. The angular velocity acquired by the rotor is proportional to the
velocity of water. By placing a current meter at a point in a stream and counting the number of
revolutions of the rotor during a time interval, the velocity of water at that point is determined.
Current meters are of two types: those having a propeller rotating around a horizontal axis and
those having a series of conical cups mounted around a vertical axis. The normal range of
velocity which can be measured varies from 0.15 to 4.0 m/s.
Horizontal-axis meters consist of a propeller mounted at the end of a horizontal shaft
(Fig. 4.9). These are available in a range of propeller diameters. Propellers made up of plastic
have been introduced recently. These are cheaper and respond more quickly to changes in
velocity. Some current meters come with propellers of different pitch and diameter to suit
various flow conditions. The horizontal axis rotor with valves cause less disturbance to flow than
vertical axis rotors. Furthermore, due to axial symmetry with the flow direction, the rotor is less
likely to be entangled by debris than vertical axis rotors and the bearing friction is less compared
to the vertical axis rotors. The vertical axis rotor with cups or valves can operate in lower
velocities than the horizontal axis meters, the bearings are well protected from silty water, and a
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(4.2)
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should be recalibraated periodiccally.

nt meter
Figure 4..9: Propellerr-type curren
The
T velocity measuremen
nts made by
y using curreent meters arre usually cllassified in tterms
of the meeans used to
o cross the stream
s
durin
ng measurem
ments, such aas wading, ccableway, brridge,
or boat. Wading
W
is possible
p
in sm
mall streamss of shallow
w depth onlyy; the currentt meter is heeld at
the requiisite depth below
b
the su
urface by an
n observer w
who stands inn the water.. In narrow welldefined channels,
c
a cableway is stretched from bank to bank weell above thhe flood levvel. A
carriage moving
m
overr the cablew
way serves ass the observaation platforrm. Bridges are advantaggeous
from the viewpoint of
o accessibillity and tran
nsportation, aalthough theese are not tthe best locaations
draulic pointt of view. Th
he velocity measuremen
m
nt is perform
med on the doownstream oof the
from hyd
bridge to
o minimize th
he instrumen
nt damage due
d to drift aand knock aggainst bridgee piers. Boatts are
most satiisfactory for measuremen
nts in wide rivers.
r

The
T section liine at the gaauging site iss marked by permanent survey markkings. The ccrosssection along
a
this seection line is
i determineed by surveyying with thhe help of ssounding rods or
sounding
g weights. When
W
the dep
pth of water is
i more or iff quick and aaccurate deppth measurem
ments
are needeed, an echo sounder
s
is ussed.
A discharge measuremen
m
nt requires determination
d
n of sufficieent point vellocities in a river
cross secction to perm
mit computattion of an average veloccity in the sttream. The sstream is divvided
into a nu
umber of verrtical section
ns. The sum of cross-secctional area oof each sectiion multiplieed by
the averaage velocity of each sectiion gives thee total dischaarge:
n

m

i 1

i 1



Q total   Q i  (A i  v i )

(4.3)

mean
where Qtotal
= total discharge,
d
m = number of sections, Ai = cross area of secttion I, vi = m
t
velocity of
o section i, Qi = discharrge in sectio
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Usually there are national guidelines detailing how the vertical sections should be chosen
and in which depth the velocity measurements should be made to determine the mean velocity in
the vertical profile. These guidelines aim to ensure homogenous data sets. Two methods that are
frequently used to determine the mean velocity over the vertical profile are:
Two point measurement: The variation for most channels is such that the average of the
velocities at 0.2d and 0.8d below the surface equals the mean velocity in the vertical.
One point measurement: The velocity at 0.6d depth below the surface closely approximates the
mean in the vertical. The adequacy of these assumptions for a particular stream can be tested
by making a detailed vertical velocity measurement.
4.4.3 Stage-Discharge Gauging Stations in Natural Channels
When records of water level are to be used as a basis for computation of discharge, the relation
between water level and flow must be determined. In a stable channel with an appropriate control
feature which is stable and sensitive, a single relation may exist between water level and
discharge. In this case, the relation can be determined by taking discharge measurements
throughout the range of levels and flows required to be measured. Several techniques are
available for this purpose including, current meter gauging and float gauging, dilution gauging
transit time acoustic methods, the use of Doppler velocity meters (fixed hydro-acoustic
installations) or the Acoustic Doppler Current Meters. The frequency of any maintenance or
operational performance shall be such that the accuracy and timeliness of data provision meets
the users’ requirements.
4.4.4 Discharge Measurements
Discharge measurements using the above techniques shall be related to a stage reading taken at
the beginning and end of the discharge measurement and during the measurement if the stage is
changing rapidly or inconsistently. When sufficient numbers of discharge measurements have
been taken, a stage discharge relationship can be computed. Subsequent to the formulation of this
stage-discharge relationship, only occasional discharge measurements need be taken at flows in
the normal range to confirm the robustness of the relationship unless the site is subject to shifting
control conditions.
Opportunities should be taken to carry out discharge measurements in extreme events in
order to extend the stage discharge relationship. Discharge measurements made using the
velocity-area methods can be performed using rotating-element current meters, acoustic Doppler
velocimeters, or acoustic Doppler current profilers. These can be made by wading the stream or
small river with the meter mounted to a wading rod or by suspending the meter and a sounding
weight from a bridge, cableway or static boat. Velocity-area methods using floats is another
option when the presence of floating debris or very turbulent conditions precludes the use of
meters.

Acoustic Doppler current profilers deployed from powerboats, remote-control boats, or
tethered rafts also can be used. Tethered rafts typically are deployed from bridges or cableways.
Another variation of velocity area methods is the slope-area method, which is typically used to
compute flood discharge indirectly by surveying the cross-sectional properties and water-surface
profile after the flood. Where a pre-surveyed cross-section is used for the purpose of discharge
measurement, then the section shall be checked following any major events e.g. over and above a
bank full flow.

