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NOTICE
This document treats topic of the measurement of the discharges of river, vast and
complex subject which it is illusory to claim to explore in an exhaustive way on some
pages. Supplemented by the notes taken during the course, measurements on the
ground and experience sharing between participants, this document should constitute
a good memorandum for the old or new hydrometrists who follow this course.
This document, whose diffusion is strictly limited, at summer prepared starting from
the books referred to from which we extracted the passages which appeared to us
most didactic, and of the professional experience of the organizer.
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1

INTRODUCTION

The measurement of the flow of the rivers firstly finds its utility in the evaluation and
the prevention of the risks related to the floods but also in the knowledge of volumes
available to supply drinking water to the populations, major use but sometimes called
into question for reasons either qualitative or quantitative. Indeed, the attraction of
the littoral in summer period involves an surge of population and thus of water
consumption at the time when feed waters, of primarily surface origin, can be the
subject of a more or less severe low water level, imposing restrictions on behalf of
the local or regional authorities.
This measurement also brings a real interest in the restoration of the quality of water
while making it possible to appreciate the pressures exerted by the activities and the
anthropic uses on the aquatic environment. Indeed, associated the concentrations in
chemicals (mgl-1) or germs (a number of bacteria/ 100 ml), the flows make it possible
to calculate polluting flows arriving at the mouth of each sub-basin (flow in m3s-1 X
numbers bacteria/m3). The knowledge and the hierarchisation of these polluting flows
aim to better determining the priority actions to engage according to the means
available for a better effectiveness.
The measurement of the discharges of river remains a difficult task still today and
that for several reasons:
− of a technical nature first of all, because if one knows immense
technological progress in many fields, it is not the same in the evolution of
the hydrometric materials, for which the fundamental principles of
measuring appreciably evolved/moved only very recently (cf. the profiler of
current with Doppler effect);
− of practical order in the orther hand with the difficulty of measurements
during flooding in particular.
The transformation of a limnimetric chronicle into chronicle of flows implies the
preliminary definition of the rating curve (also called calibration) of the station. Rating
is defined graphically from the gaugings (measurement of the liquid discharge for a
height of water given). The relation between the heights and the flows (in summary
relation HQ) is never linear and its definition supposes the existence of a sufficient
number of gaugings.
There is not universal method for measurement of the discharge of a river. The
choice of a method is conditioned by various factors. One can quote:
−
configuration of the site and conditions of flow,
−
the material of measurement and available time,
−
the number of people which can take part in measurement,
−
the precision which one wishes to obtain.
For the exact determination of a discharge under the natural conditions, the effective
realization of measurements will be always preferable compared to the application of
hydraulic formulas.
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2

DEFINITIONS

2.1

Discharge of a stream course

The liquid flow Q of a river, volume of water which runs out in one second in a cross
section, is the product:
- of the wetted cross section S, product the average depth Hm by the surface
width L;
- of the mean velocity of flow U, integral speeds of the water particles in all the
wetted cross section.
Q = L x Hm x U
The most usually units used are:
− the cubic meter per second (m3s-1) for the flow, that one expresses with
THREE significant figures since it is never measured in the natural beds
with a precision higher than 3%;
− the meter (m) for the horizontal and vertical distances, for which the hoped
maximum precision is 1%;
− the meter a second (ms-1) for the mean velocity of flow, that one will
express with 2 significant figures after the comma (precision of cm), even if
one always uses three decimal digits for specific velocities.
2.2

Discharge measurement methods

The methods of gauging of the flows of the rivers are many and varied. Classification
presented hereafter does not take account of their frequency of use. Some of them
are used very little, others are it very often. It should be known that more than 80% of
the gaugings are carried out today with a hydrometric currentmeter, distances to the
bank being measured on a cable tended of a bank to the other.
One will distinguish:
− total methods, in which Q is directly measured (volumetric method, weirs
gauges, chemical dilution, electromagnetism);
− complete methods, in which the three components Hm, L, U are measured
separately (primarily hydrometric currentmeter);
− Incomplete methods, in which the field velocity is explored in a partial way
(ultrasounds, mobile boat, floats).
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GLOBAL METHODS

3.1

Volumetric methods

The “volumetric” methods (or capacitive gauging) make it possible to determine the
flow directly as from time necessary to fill with water a container of a given capacity.
Taking into account the practical aspects inherent in the method of measurement
(size of the container used, uncertainty to the measure of time, possible specific
installation), this method is mainly used only for small discharges, few ls-1 maximum
It can apply to small flows of a few liters or tens of liters a second to some m3s-1 if
irrigation sluices of flow are used

Figure 3.1: Capacitive gauging
3.2

Weirs

The “hydraulic” methods take into account the forces which govern the flow (gravity,
inertia, viscosity…). These methods obey the laws of hydraulics.
The method consists in establishing in the flow an artificial section of control, allowing
obtaining a critical mode, thus a univocal relation between flow Q and load H (height
of water above the threshold) of the form:
Q = K C hn
where :
− K
= coefficient of discharge related to h
− C and n = parameters depending on the characteristics of the sill.
The principal sills used are the weirs in thin wall or of thick type, VENTURI channels
(side contraction and thick sill) and PARSHALL (side contraction, thick threshold and
change of slope).
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French company HYDROLOGIC (Grenoble) proposes “efflumeters” which are weirgauges, triangular channels VENTURI and triangular weirs, prefabricated out of
moulded laminated plastic; the range of the flows goes from a few liters to more than
500 ls-1 with a precision higher than 3%.
These thresholds can be installed in a permanent way (careful with the foundations!)
or temporary to make a gauging. In the first case, it is essential to control the validity
of the relation HQ theoretical (values of C and N) by gaugings with the curenmeter or
chemical dilution. In the second case, it is necessary to be very careful to install the
weir in rigorously horizontal position and to wait a sufficient time so that the mode of
flow is stabilized.
The method of the portable weir-gauges is very much used in the campaigns of low
water levels relating to flows lower than 100 ls-1 for which the other techniques of
gaugings are not easily usable.
3.2.1 Triangular thin plate weirs
In the range of the conditions for which the experimental data are available, the thin
triangular V-notch is a very precise device for measurements of flows.
It must be made of a notch out of V symmetrical, located in a thin vertical wall. The
bisectrix of the angle of the notch must be vertical and equidistant of the sides of the
approach channel. The wall of the weir must be smooth and plane, especially on the
upstream face and it must be perpendicular to the walls and the bottom of the
channel.

Figure 3.2: Triangular thin plate V-notch
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3.2.1.1

Fundamental formula of the discharge

The general formula of discharge for a triangular thin V-notch is:

Q=

c

e

α
8
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h
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e

Where:
−
−
−
−
−

Q
is the discharge (m3s-1)
Ce
coefficient of dischareg f (α, h/p, p/B)
g
the acceleration of gravity (m2s-1)
α
the angle formed by the faces of the notch
he
the fictitious piezometric load or height of upstream liquid surface
compared to the lower point of the notch (m)

Three dimensions of triangular V-notch are recommended by the International
Standardization Organization
- The standard notch 90° where the spacing of the tops of the notch is equal to
twice the corresponding vertical height (tg α/2 = 1);
- The standard notch 1/2 (α = 53°8') where the spacing of the tops of the notch
is equal to the corresponding vertical height (tg α/2 = 0.5);
- The standard notch 1/4 (α = 28°4’) where the spacing of the tops of the notch
is equal to half the corresponding vertical height (tg α/2 = 0.25).
If the bed and the faces of the channel of approach are far away from the notch one
can be useful itself of the following formulas:
− - standard notch 90°

Q=
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0.58 < Ce< 0.61
Remark
In addition to the general conditions of installation, the following restrictions of a
practical nature must be respected:
0.05 m < h< 0.40 m
p > 0.45 m
B > 1.2 m
h / B < 0.20

h: load
p: upstream length
B: width of the channel

Niger – HYCOS and Volta – HYCOS Projects
Measurement and calculation of discharges
Gauging with ADCP

Page - 6 -

Unité Observatoire Hydrologiques et Ingénierie (OBHI) IRD - Montpellier
3.2.1.2 Another formula for triangular weir
This formula, more recent, applicable to triangular V-notch of angle α = 90° takes
account of the Vo2 / 2g term upstream and perhaps used for low values of upstream
length:

8
Q = 0.602
15

2g

h

5
e

2

4
⎡
h
⎢1 + 0.2577
2
⎢
B 2 ( h + p)
⎣

⎤
⎥
⎥
⎦

The conditions of experimentation were:
0.05 m < h< 0.15 m
p < 0.40 m
B = 0.30 m
3.2.2 Rectangular thin plate weirs
Figures 3.3 and 3.4 below give the diagrams of a rectangular thin plate weir.

Figure 3.3: Rectangular thin plate weir fully contracted
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Figure 3.4: Rectangular thin plate weir partially contracted
The standardized weir is composed of a rectangular notch, symmetrical in a thin
vertical wall.
The upstream face of the weir plates and bulkhead should be plumb, smooth, and
normal to the axis and the bottom of the channel.
The entire crest should be level for rectangular and trapezoidal shapes, and the
bisector of V-notch angles should be plumb. The edges of the weir opening should be
located in one plane, and the corners should have proper specified angles.
The top thickness of the crest and side plates should be between 2 and 3 mm.
The weir is known as with side contraction when a notch is practised in the thin plate;
the weir is known as without side contraction when the length of the nappe is equal to
the width of the channel.
Fundamental formula of the flow:
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The most general formula of the discharge recommended by the International
Standardization Organization for a rectangular thin plate weir is the Kindsvater-Carter
formula:
3
2
Q = ce
2 g be he 2
3
Where :
− Q est le débit (m3s-1)
− Ce le coefficient de débit
− g l’accélération de la pesanteur (ms-2)
− be la largeur fictive de l’échancrure (m)
− he la charge piézométrique fictive ou hauteur de la surface liquide en
amont par rapport au niveau de la crête (m)
with :
− be = b + kb
− he = h + kh

si b est la largeur du déversoir
si h est la charge mesurée

Practically he = h + 0.001 m.
In the case of the rectangular thin plate weir without side contraction:
Ce = 0.602 + 0.075 h / p
Where p is the height of the crest of the weir measured starting from the bottom of
the channel.
In the case of the rectangular thin plate weir with side contraction:
Ce = a + a’ h / p
The values of Ce and kb are given on figures 3.5.a. and 3.5.b. according to the ratio b/
B of contraction between the width b of the notch and the width B of the upstream
channel.

Figure 3.5: Rectangular thin plate weir.
a) Effective coefficient of discharge, Ce; b) Value of width-adjustment factor
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Other formulas are possible for the rectangular thin plate weirs without side
contraction: the formula of REHBOCK; formula SIA (Swiss Company of the
Engineers and Architects); the formula of CASTEX NOUGARO (Institute of
Mechanics of the Fluids of Toulouse). One will refer with interest to the work of Mr.
AUDINET: « Hydrométrie appliquée aux cours d’eau » for the conditions of use of
these formulas.
3.2.3 Choice of the type of thin plate weir
The triangular weirs are used preferably with the rectangular weirs for the
measurement of the low flows, because it is disadvised using rectangular weirs of
less than 30 cm of width.
For the rectangular weirs, the choice of the width and the head is a function of the
range of the flows to be measured, available height and desired precision. It should
not be forgotten that the measured water level must be with most equal to the height
of the head. The table below gives some reasonable limits of use of the various
weirs.
Range of flows to Type of weir to be
be measured
used
Mini
Maxi
-1
0.2 ls
35 ls-1
triangular type ¼
tg α/2 = 1/4
-1
-1
0.4 ls
70 ls
triangular type 1/2
tg α/2 = 1/2
1 - 20 ls-1 70
>Q triangular type 90°
<140 ls-1 tg α/2 = 1
-1
Rectangular
> 20 ls-1 200 ls
0.30 m width
50 ls-1
500 ls-1
Rectangular
1 m width
-1
-1
100 ls
1000 ls
Rectangular
1 to 2 m width

500 ls-1

5 000 ls-1 Rectangular
5 to 10 m width

Corresponding
water depth
Mini
Maxi
5 cm
40 cm
5 cm
5 cm for
1 ls-1
10 cm

Remarks

Head should be if
possible more
40 cm
than 0.45 m,
so channel must be
40 cm for more than 0.85 m
140 ls-1
height
40 cm
head > 40 cm

channel height > 80
cm
15 to 10 65 to 45 channel height >
cm
cm
1.30 m
channel height > 90
cm
15 to 10 65 to 40 channel height >
cm
cm
1.30 m
channel height > 90
cm
10 cm

40 cm

I
n practice the use of the thin plate weirs for the permanent control of the flows is
delicate: the rating curve Q (H) is indeed influenced in an appreciable way by the
variations of the head, and it is difficult, because of the siltation, to maintain constant
the height of head.
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3.2.4 Broad crested weirs
The rating curves of the stations with broad crested weirs are generally less sensitive
to the silting and the upstream conditions that those of thin plate weirs.

Figure 3.6: Rectangular broad crested weir
(critical load is approximately 2he or 3he upstream of the crest)

Figure 3.7: Rectangular broad crested weir, arête amont arrondie

Figure 3.8 : Schéma du seuil à bec de 22° NEYRTEC
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Figure 3.9: trapezoidal broad crested weir

Figure 3.10: triangular broad crested weir
The fundamental formula to calculate the flows of the broad crested weir is:

Q = ml

2g

H

3/ 2

where:
− m is a coefficient which varies according to the characteristics of the weir.
The table below gives some approximate values of this coefficient.
− l is the width of the weir
− H= h + Vo2 /2g represent the load, often regarded in practice as the height
of water H upstream of the crest compared to the weir, when the approach
velocity V0 is negligible.
−
Values of coefficient m
H
S
meter
0.10 m
0.50 m
1m
1.50 m
3m
5m
0.10
0.38
0.35
0.33
0.33
0.34
0.35
0.50
0.45
0.40
0.35
0.35
0.35
0.35
1.00
0.45
0.45
0.40
0.36
0.35
0.35
1.50
0.45
0.45
0.43
0.39
0.36
0.35
When the edge upstream round or is not chamfered but rectangular, the values of m
must be undervalued of almost 10%.
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One distinguishes several types of crested weir, and in particular:
− the normal weir or creager, with the facing of which do not occur nor
overpressure, nor depression, for a given load which was used for
calculation of its form. The coefficient of discharge is a function of the slope
of the face upstream and the report/ratio of the load to the height da the
shovel (average coefficient: 0.47 to 0.49).
− the thick weir with triangular profile Crump, weir with vertical contraction
which has the following advantages:
 its construction in a rectangular channel is relatively easy,
 it offers an easy passage to the floating bodies,
 it is solid and not very liable to deterioration.
For all these types of weirs, one will refer with interest to the work of Mr. AUDINET
(Op. cit.) for formula and the conditions of use of computation of the flows.
3.2.5 Other devices
We will name:
− The weir gauges with projection of the type Neyrpic (Hydrologic),
functioning in a range of flows going from 0.8 ls-1 to 152 ls-1 ,
− Metal weirs, they settle in channels in masonry, of rectangular section and
weak slope. Flow expressed in ls-1 and per meter of width varies from 7 ls-1
for a width of 0.70 m and a head of 0.12 m to 1378 ls-1 for a width of 1.45
m and a head of 0.48 m.
− Venturi channels – Parshall flume. This type of equipment will be preferred
with the weirs for the stations with strong haulage, the latter always
presenting considerable disadvantages relating to underminings
downstream, the stranding upstream, the heightening of the water level
upstream, etc.
The general formula of a gauge clear weir is :
Q = kc

l

2

2g

h

3

2

where:
−
−
−
−
−
−
−

Q is the discharge
k a coefficient ranging from 0.95 to 1.00 according the devices
c a coefficient function of the widths l1 and l2
l2 width of the narrowed part
l1 width of the broad part upstream
g acceleration of gravity
h water level to the top of the foundation rafts upstream in the part of
width l1.
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Figure 1.10.: Jaugeur à ressaut : schéma de principe

Gauged channels type H or H. Flume. The device is composed of a rectangular
channel of section ending in a throttling whose side walls are vertical. The bottom of
the channel finishes in isosceles trapezoid whose small base is turned towards the
downstream, and the side walls have the shape of a right-angled trapezoid; the
shape of the notch is a tilted isosceles trapezoid compared to the horizontal one.
This type of channels gauges, while being less fragile than the triangular outfalls, is
adapted better to measurements out of mud-laden waters, because less prone to
engravement.
3.3

Chemical dilution

The “physicochemical” methods take into account the variations, during the flow,
certain physical properties of the liquid (concentration in certain dissolved elements).
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These methods generally consist in injecting into the river a body in solution, and to
follow the evolution of its concentration in the course of time. They are the methods
called “by dilution” or “chemical”.
The principle general consists in injecting into the river a concentrated solution of a
tracer (salt, dye,…) and to seek in which proportion this solution was diluted by the
river.
This dilution is a function of the flow, presumedly constant along the section, and
under certain conditions it is possible to obtain a linear relation between the flow Q
[ls-1 ] of the river and the C1/C2 ratio of the concentration C1 [gl-1] of yhe solution
injected with the concentration C2 [gl-1] of samples taken downstream of the point of
injection in the river:

k being a coefficient characteristic of the process and material used.
This type of gauging is to be privileged in the case of turbulent flows because the
good mixture of the tracer requires turbulence.
The following conditions are necessary so that the methods by integration or dilution
can be applied:
•

the discharge of river must remain about constant during measurement;

•

the tracer must pass in its totality by the site of sample selection;

•

where samples are taken, the mixture must be such as in each point of the
section of the river, must pass the same quantity of tracer.

One uses various mineral or organic tracers, such as fluorescein or rhodamine.
According to the flow to be evaluated, the same tracer will not be used.
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Figure 3.12: Principle of the gauging by dilution; procedure.
Two injection methods can be used:
3.3.1 Constant rate injection method:
A constant-rate-injection system is shown schematically in figure 3.13. If the tracer is
injected for a sufficiently long period, sampling of the stream at the downstream
sampling cross section will produce a concentration-time curve similar to that shown
in figure 3.14. The stream discharge is computed from the equation for the
conservation of mass, which follows:
or

Where:
•
•
•
•
•

q is the rate of flow of the injected tracer solution,
Q is the discharge of the stream,
Cb, is the background concentration of the stream,
C1, is the concentration of the tracer solution injected into the stream, and
C2, is the measured concentration of the plateau of theconcentration-time
curve

•
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Figure 3.13: Constant-rate-injection system.

Figure 3.14: Concentration-time curve at downstream sampling site for constantrate
injection.
3.3.2 Method by instantaneous injection:
This method consists in injecting in a point of the river a volume V of tracer in
concentrated solution C1.. At the end of a sufficiently long course so that the mixture
with the water of the river is good, samples are taken, and that for all the length of
time T of passage of the cloud of tracer. The samples are carried out in several
points of the section of sampling in order to provide an average value of the C2
concentration which evolves according to the time and of the intake point.
Integration during time of the various values of concentration C2 (t) gives an average
value
On the assumption of the conservation of the mass of the tracer, one can express the
flow as follows:

With:
Q:
M:
V:

discharge of river (ls-1 or m3s-1);
mass of tracer injected (g); M = V . C1 ;
volume of the solution released in the river (l ou m3) ;
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C:

concentration of the solution released in the river (gl-1) ;

: Average concentration of the tracer in the samples, obtained by
integration (gl-1);
C2(t): concentration of the sample taken at timet (gl-1) ;
T:
duration of sampling (s).
These methods are usable in the rivers where a fast and homogeneous mixture could
be obtained (concept of distance from “good mixture”, turbulent flow) and where
there is neither arrived nor loss of tracer or water between the points of injection and
sampling.
Method very much used in France in the mountain areas for the weak ones and
average dischqrges.
3.4

Electromagnetic method

This method is based on the principle of FARADAY on electromagnetic induction:
any conductor moving in a magnetic field is crossed by an electrical current. The
direction of the induced current depends on the direction of displacement of the
conductor and its intensity is proportional to the rate of moving and the intensity of
the magnetic flux.
By applying this principle to a hydrometric reach, the Faraday's law is written:
U = E / HI

Where:
−
−
−
−

U = mean velocity of flow in the section (in ms-1)
E = induced energy induite (in volts)
H = intensity of the magnetic field (in Teslas)
I = width or electrode spacing (in m).

They are the English hydrologists Mr.J GREEN and R.W. HERSHY which in 1974
had the idea to apply the principle of FARADAY to the very slow flows and with the
reachs invaded by the vegetation in which the traditional methods are unusable.
Ten stations are equipped today in the United Kingdom. Figure 3.15 show the device:
an induction coil is placed under the flow to reinforce the magnetic field and two
electrodes, one on each bank, measure the potential difference. This system allows a
follow-up uninterrupted of the velocity of flow.
This method is used little primarily because of work which it implies and of the
relatively poor precision (10%). Its greater interest is to have lead the appearance on
the market of electromagnetic currentmeter, precis, sensitive, robust and indicators of
the direction of the flow (model SENSA manufactured by English firm AQUA DATED
SYSTEM, cost of about 5.000 Euros).
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Figure 3.15: Equipment of a reach for gaugiong by electromagnetic method
Légende :

1. induction coil(solenoïd)
2. voltmeters (measure induced current)
3. probes for the measurement of the resistivity of the ground
4. conductivimeter (resistivity of water)
5. electric probes « soundproof »
6. principal cable towards the recorders
(source: HYDROMETRY par Hersby)
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4

INCOMPLETE METHODS

4.1

Ultrasound

4.1.1 Measurement theory
The principle of the ultrasonic method is to measure the velocity of flow at a certain
depth by simultaneously transmitting sound pulses through the water from
transducers located on either side of the river. The transducers, which are designed
both to transmit and receive sound pulses, are located on opposite banks, so that the
angle between the pulse path and the direction of flow is between 30° and 60° (figure
3.1). The difference between the time of travel of the pulses crossing the river in an
upstream direction and those travelling downstream is directly related to the average
velocity of the water at the depth of the transducers.
VL = f(L cosoα Δt)
This velocity can be related to the average velocity of flow of the whole cross-section.
The incorporation of an area computation into the electronic processor allows the
system to output discharge.
Ideally, the transducers are set at a depth such that they measure the average
velocity of flow. In practice, they are ultimately fixed in position so that for any change
in stage, they probably will not be at the point of average velocity, and a coefficient is
necessary to adjust the measured velocity.
There are two types of ultrasonic systems commonly in operation, the first where the
transducers are fixed in position and the station is calibrated by current meter, and
the second where the transducers are designed to slide on either a vertical or
inclined assembly. In the latter method, the system is self-calibrating and no currentmeter measurements are therefore necessary. By moving the transducers through a
number of paths in the vertical (generally 7 to 10), velocity readings are obtained
along these paths. From each set of the readings, vertical velocity curves are
established over as large a range in stage as possible. It is then possible first, to
estimate a suitable position for the fixing of the transducers in the vertical and,
second, to establish a curve of stage against the coefficient of discharge as in the
first method.
In rivers with small range in stage, a single path transducer system may be
acceptable. For rivers with large variations in stage, a multipath system with several
pairs of transducers may be necessary.
The accuracy of the ultrasonic method depends on the precision with which the travel
times can be measured. The several techniques available at the present time are
capable of measuring time to very high accuracy
This result is independent of the velocity of sound in water, thus of the temperature of
water. There is a relation binding the mean velocity in the plan of the acoustic course
(VL) and the mean velocity of the flow in section (VM) depend on the characteristics
of the channel and height of water.
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Figure 4.1: Ultrasonic hydrometric station. General diagram
The discharge of the flow is obtained by making the product of this mean velocity by
the surface of the wetted cross section deduced from the height of water.
Q = k(h) VL S(h)
This process does not free from a measuring height of water, always necessary for
calculations of the wetted cross section and the coefficient of transposition of the
mean velocity measured in the plan of the acoustic course (VL) and the mean
velocity of the flow in section (VM). In the case of frequent and important variations of
the level, several acoustic trajectories located at different levels are necessary to
translate the relation K(n). They are brought into service and are introduced
successively into the calculation of the discharge progressively with their immersion.
4.1.2 Criteria of the site selection
In addition to the exposed general recommendations for the hydrometric stations;
capacity to measure all the range of the flows, accessibility by all times and safety for
the personnel, the specific criteria to measuring by ultrasounds are as follows:
− The reach of measuring must be rectilinear, uniform and not to present
bends or irregularities sufficiently far upstream so that the distribution of
velocities is constant in the reach of measurement ranging between the two
transducers.
− All causes of attenuation of the acoustic signal by absorption, reflexion or
dispersion of the sound wave must be avoided. The principal ones are the
aquatic vegetation, suspended matter and bubbles of air pulled by water, in
particular in the wake of the boats or barges.
− In addition, it is necessary that the depth of water is sufficient so that there
is not reflexion or acoustic refraction on surface or the bottom. This minimal
depth is determined by the length of the acoustic way the frequency and
the opening of the ultrasonic signal. This phenomenon can also be caused
by the presence of heat gradients or density.
− The materials proposed are not all autonomous in energy; the possibility of
a power supply by the network will have to be studied.
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− The stability of the bed is a general criterion of choice, but in this case, one
must transversely pay a detailed attention to the conservation of the cross
profile, because the wetted cross section is a term of the calculation of the
discharge.
The choice of the site must be accompanied by a feasibility study consisting of a
series of gaugings by the method of exploration of the velocity field for a wide range
of the discharges with an aim of seeking the existence of the relation between the
mean velocity on horizontal and the mean velocity of the flow in the section. These
statements of the velocities field will make it possible to define the number of plans of
measuring the velocity and the adjustment of the transducers
4.1.3 Equipment - Material
An ultrasonic hydrometric station is made up:
− of one or more pairs of transducers installed on both sides of the flow and
set up in a permanent way for the determination of velocity;
− of a water level sensor and a limnimetric staff of reference for the
determination of the wetted cross section;
− of an electronic set with microprocessor for the management of the
transducers, the velocity and discharge.
The support of the transducers must firmly be anchored in the bank. It can be a
vertical pile or a concrete stud. The assembly of the transducer must be rigid, but to
allow an omnidirectional adjustment to carry out their alignment. The transducer itself
must be protected from the floating bodies, but not to present too many reliefs likely
to hang remains which could disturb measurements.

Figure 4.3: Diagram of ultrasonic method
When the transducers are in place, it will be necessary to take the reading of the
acoustic trajectory (distance between two sensors) and the angle of this trajectory
with the direction of the flow. A maximum length of 400 meters for the ultrasonic
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trajectory is allowed by the current material with an acoustic pulse frequency of
200 Khz.
This assembly with single direction requires a connection by cable crossing the flow
for the energy supply and the transport of the signal. A footbridge or a bridge in the
vicinity will support the passage into air; if not installing the cable on the bottom of
bed is possible by taking the precautions of use so that it is not pulled by the current.
This provision is to be excluded for a periodically dredged navigable channel. Some
manufacturers propose a radio connection which increases, admittedly, the cost of
the material and its maintenance, but can however be competitive compared to the
concern caused by the immersion of a cable and the cost of this one which must be
armoured, to have a good mechanical resistance and to be protected tale
aggressions due to its immersion.
Another configuration of assembly with two acoustic courses laid out in cross, thus
with two couples of transducers, allows to free itself from this connection. It has
moreover the advantage of carrying out an autocorrection of angle when the direction
of the flow evolves/moves with the flow.
The configuration of assembly with the two transducers on same bank and reflectors
on opposite bank simplifies the problems of connecting cable and double the acoustic
distance, what is of an interest for the rivers of low width.
If one does not wish to retain the sensor of level suggested by the manufacturer of
the ultrasonic material, because one wishes a homogeneity of the park of sensors of
level or to already re-use an apparatus in place, one will take guard well so that the
output signal of the sensor of level is compatible with the electronic set of the velocity
measurement. It is sometimes more “economic” to choose a complete unit, if not the
faulty operation of equipment will be always charged to “your level sensor”.
The associated electronic unit will cumulate a certain number of functions according
to the complexity of equipment:
− It will ensure the management of the transducers to determine round trip
times of the sound wave. The introduction in the form of parameter length
and acoustic scattering angle allows the calculation rate of the flow in the
horizontal plane of measuring. In general, the velocity measurement is
deduced from a series of measuring from time of course with automatic
elimination from the aberrant values.
− It will allow the introduction and memorizing of the law giving the wetted
cross section according to the height [S (h)] as well as the relation of
transposition the velocity measured in a mean velocity in the section [k (A)].
− It will include the software allowing the calculation of the discharge to a
predetermined time step as well as the storage of the measured values, in
general levels, velocities and discharges, on an electronic memory with the
possibility of remote acquisition.

4.1.4 Operation
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4.1.4.1 Rating
The couple of fixed transducers make it possible to determine the mean velocity of
the flow in the horizontal plane of the acoustic trajectory. The calculation of mean
velocity in the section requires the knowledge of a coefficient of transposition,
function of water level, which must be determined by an independent method of
gauging. The method of exploration of the velocity field gives at the same time the
wetted cross section and has also the advantage of allowing the direct control
velocity in the horizontal plane of the acoustic trajectory; whereas method of dilution,
if its implementation is possible, give the aggregate discharge and requires the
measuring of the wetted cross section by another means.
This calibration must be carried out for all the range of the flows because the
coefficient of transposition varies with the height of water. For the low flows, vvelocity
is sometimes too slow to be correctly measured by a velocimeter, then one carries
out an extrapolation of the law k(h).
One must carry out periodically the control of this calibration as well as variation of
the wetted cross section according to the height of water, and more frequently if one
suspects instability of the bed of the river. While making mobile the couple of
transducers, a self-calibration of the system is possible. This device is more tempting
than easy to realize. It will be however required when the calibration by an
independent method is not possible because of slow speeds, though with the
electromagnetic velocimeters the minimal threshold of measuring speeds is very low.
The principle consists in moving the two transducers simultaneously in order to
prospect all the wetted cross section. That requires on each bank a vertical or tilted
slide on which the transducer is moved. Conservation in condition, of the mechanism
(remains or silts), horizontality of the trajectory, the orientation of the transducers and
their return in position fixes “station” are problems which are not always simple to
solve.
Certain manufacturers (Hydrologic, Stork) propose a calibration according to the
geometrical characteristics, nature of the banks and bottom of the level of measuring.
These hydraulic calculations using of the coefficients of friction give a good approach
of the relation k(h), but a control by an independent method cannot harm the quality
of the result.
4.1.4.2 Running, maintenance
As for a hydrometric station with relation height-discharge, to obtain a satisfactory
and reliable result, it is necessary that the ultrasonic station remains in a good
operating condition; this implies a monitoring and a constant maintenance of the level
of measuring and equipment as well as a periodic control of the calibration.
4.1.5 Data collection
The support and the form of the recording will have to be integrated into the system
general of processing data of the Service with however a characteristic because the
recording includes two chronicles of data: the level of water (H) and velocity in the
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horizontal plane of the acoustic trajectory (V). After validation of these data, it can
appear simpler to file the calculated flow as it is made for a flow machines.
4.1.6 Uncertainty
It will be given according to the characteristics of the site: stability of the cross
section, establishment of the material: outdistance between the probes and the angle
of orientation, precision of equipment: measure time of course. The manufacturers
announce an uncertainty of about 1% on the average velocity measurement of the
flow in the plan of measurement.
Uncertainty on the flow will depend much on the transposition of the velocity
measured at the mean velocity in the section. According to the amplitude of variation
of the level and flow, uncertainty on the calculation mean velocity in the section
decreases when the number of trajectories of measurement in service increases
4.2

Moving boat

4.2.1 Principe
On large streams and estuaries the conventional methods of measuring discharge by
current meter are frequently impractical and involve costly and tedious procedures.
There may be no suitable facilities at remote sites. Where suitable facilities do exist,
they may be inundated or inaccessible during floods. At some sites, unsteady flow
conditions require that measurements be made as rapidly as possible.
Measurements on tide-affected rivers must not only be made rapidly, but often
continually, throughout a tidal cycle. The moving boat technique is a method of
rapidly measuring the discharge of large streams. It requires no fixed facilities, and it
lends itself to the use of alternate sites if conditions make this desirable.
The moving-boat technique is similar to the conventional current-meter measurement
in that both use the velocity-area approach in determining discharge. In each
method, a measurement is the summation of the products of the subsections of the
stream cross section and their respective average velocities. Both techniques require
that the following information be obtained:
− Location of sampling verticals 1, 2, 3…n across the stream in reference to
the distance from an initial point.
− Stream depth, d, at each observation vertical.
− Stream velocity, V, perpendicular to the cross section at each observation
vertical.
During a traverse of the boat across the stream, a sonic sounder records the profile
of the cross section, and a continuously operating current meter senses the
combined stream and boat velocities. A vertical vane aligns itself in a direction
parallel to the movement of water past it, and an angle indicator attached to the vane
assembly indicates the angle between the direction of the vane and the true course
of the boat. The data from these instruments provide the information necessary for
computing the discharge for the cross section. Normally, data are collected at 30 to
40 observation points in the cross section for each run. Experience has shown that
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discharges determined by the moving-boat technique match, within 5 percent,
discharges determined by conventional means.
The principal difference between the conventional measurement and the moving-boat
measurement lies in the method of data collection. The standard current-meter
method of measurement uses what might be called a static approach in its manner of
sampling; that is, the data are collected at each observation point in the cross section
while the observer is in a stationary position. This is in contrast to the dynamic
approach to data collection utilized in the moving-boat method. Here, data are
collected at each observation point while the observer is aboard a boat that is rapidly
traversing the cross section.
The moving-boat measurement is made by traversing the stream along a preselected
path that is normal to the stream flow. The traverse is made without stopping, and
data are collected at intervals along the path. During a traverse of the cross section,
the boat operator maintains course by “crabbing” into the direction of the flow
sufficiently to remain on line (fig. 9.4). The velocity, Vb, of the boat with respect to the
stream-bed along the selected cross-section path is the velocity at which the current
meter is being pushed through the water by the boat. The force exerted on the
current meter, then, is a combination of two forces acting simultaneously: one force
resulting from the movement of the boat through the water along the cross-section
path and the other a consequence of the natural stream flow normal to that path.
The velocity measurement taken at each of the sampling points in the cross section
is a vector quantity that represents the relative velocity of water past the vane and
meter. This velocity, Vv, is the vector sum of V, the component of stream velocity
normal to the cross section at the sampling point, and Vb, the velocity of the boat with
respect to the streambed along the selected path. The vector diagram in figure 104
depicts this relation.
The sampling data recorded at each observation point provide the necessary
information to define Vv. The pulses-per-second reading from the rate-indicator unit is
used in conjunction with a rating table to obtain the vector magnitude, Vv, while the
angle reading, α, representing the angle the vane makes with the cross-section path,
defines the direction of the vector.
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Figure 4.4: Sketch of stream with markers.
Much of the accuracy of a moving-boat discharge measurement depends upon the
skill of the boat operator in maintaining a true course. Although even the most
experienced pilot cannot be expected to keep the boat absolutely on course for an
entire run, it is still extremely important that the measurement begin and end on line
and that any deviations from the true course be kept as few in number and as small
in magnitude as possible.
If velocity readings are taken while the boat is moving off course in an upstream
direction, those readings will be greater than the true velocities; if the readings
happen to be taken when the movement is toward the downstream direction, then the
sampled velocity readings will be less than the true velocities. Thus, if one assumes
the equal likelihood of over registering or under registering the stream velocities
because of deviations from the true course, the errors can be considered
compensating in nature. However, to further insure the reliability of the measurement,
it is recommended that the results of at least six individual runs, each with from 30 to
40 observation points, be averaged to obtain the discharge when steady-flow
conditions exist, This is practicable because of the ease and speed with which the
extra runs can be made.

Figure 4.5: Diagram of velocity vectors.
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For unsteady-flow conditions on tidal streams, it will usually be desirable not to
average the results from a series of runs but rather to keep them separate so as to
better define the discharge cycle.
Stream velocity, V, perpendicular to the boat path (true course) at each sampling
point, 2, 3, 4…(n - l), can be determined from the relation
V = Vv sin
(17)
The solution of the above equation yields an answer which represents that
component of the stream velocity that is perpendicular to the true course even
though the direction of flow may not be perpendicular. This is the desired component.
From the same vector diagram, it can be seen that
(18)
Where Lb is the distance that the boat has travelled along the true course between
two consecutive observation points, provided the stream velocity is perpendicular to
the path. Where the velocity is not perpendicular, an adjustment is required. If one
assumes that
is approximately uniform over the relatively short distance that
makes up any one increment, then
may be treated as a constant. Therefore,
equation 18 becomes
(19, 20)
However,
Where Lv is the relative distance through the water between two consecutive
observation points as represented by the output from the rate indicator and counter.
Therefore,
Finally, d, stream depth at each observation point, is obtained by adding the
transducer depth to the depth obtained from the sonic sounder chart. Upon
determining V, Lb, and d for each vertical, the midsection method of computing a
discharge measurement is used.
4.2.2 Equipment
A vane with an indicating mechanism is mounted on the bow of the boat, with the
vane centred approximately 3 to 4 ft (0.9 to 1.2 m) below the water surface (fig. 4.6).
This assembly consists of a vertical, stainless-steel shaft with a pointer connected to
its upper end and a thin vertical-aluminium fin, 1-ft (0.3 m) high and 1½ ft (0.46m)
long, attached to its lower end. The shaft is housed in an aluminium bearing tube and
is mounted with ball bearings at the upper end and a Teflon bearing (no lubrication
needed) in the lower end of the tube so that the assembly (vane, shaft, pointer) is
free to rotate as a unit. The vertical vane aligns itself in a direction parallel to the
movement of the water past it. The pointer is attached to the shaft so that it will be in
line with the vane, pointing directly into the flow past the vane.
The angle between the direction of the vane and the true course of the boat (the line
of the cross section) is indicated on a dial by the pointer. The circular dial, calibrated
in degrees on either side of an index point, swivel freely about the upper end of the
vertical shaft, just below the pointer. A sighting device attached to the dial provides a
means of aligning the index point on the dial with the true course. In positive
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(downstream) stream flow the pointer above the dial will always point to the upstream
side of the true course. Because the upstream side may be to the left or right side,
depending on the direction in which the boat is travelling, and also because of
possible negative velocities, the dial is calibrated in degrees (from 0 to 90) on both
sides of its index point.

Figure 4.6: Sketch of- boat showing equipment.
4.2.3 Validity of the method
During a moving-boat discharge measurement, the current meter is set at a
predetermined fixed depth of from 3 to 4 ft (0.9 to 1.2 m) below the water surface. In
other words, this technique uses the subsurface method of measuring velocity. The
measurement is computed by using constant-depth subsurface velocity observations
without adjustment coefficients, as though each observed velocity were a mean in
the vertical. In adjusting the computed discharge, each measured velocity should
ideally be multiplied by a coefficient to adjust it to the mean velocity in its vertical.
However, it is assumed that in the larger streams where the moving-boat technique
would be applicable, these coefficients would be fairly uniform across a section, thus
permitting the application of an average velocity coefficient to the total discharge.
Information obtained from several vertical-velocity curves, well distributed across the
measurement section, would be needed to determine a representative velocity
coefficient for the total cross section.
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5

COMPLETE METHODS

5.1

Hydrometric current meter

Each component of the flow is measured in an independent way during the same
operation on the river (Figure 5.1):
− the mean velocity U is calculated starting from the specific velocities
measured with sensors, who are generally hydrometric currentmeters or
rod floats (Figure 5.2);
− the width and horizontal distances measured on a transversely tended
cable or by topographic methods;
− depths measured with graduated rods, sounding weights or with sonic
depth-sounder with ultrasounds.

Figure 5.1: representation of the flow of a river

Figure 5.2: Different types of current meters
5.2

Current profiler

The current current A.D.C.P. (Accoustic Doppler Current Profiler), with broad
frequency band, emits ultrasounds in water. The particles transported by the current
reflect the ultrasounds towards the profilor who collect and record this echo, and
associates various depths to the various parts of the recording. This makes it
possible the device to create vertical profiles.
The relative displacement of the particles in water, compared to the ADCP, involve
variations of frequency of the echo. The ADCP analyzes these variations (Doppler
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effect) according to the depth to obtain the flow velocity in 128 positions along the
vertical profile (Figure 5.3).
This is equivalent assembling a chain of 128 conventional hydrometric currentmeters
to obtain the flow velocity along the vertical profile.
The device also measures its velocity of moving compared to the bottom, depths,
and can also establish a profile of concentrations of the suspended matters.

Figure 5.3: ADCP princip

Figure 5.4: ADCP sensor
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6
THEORETICAL ASPECTS OF DISCHARGE MEASUREMENTS
FROM THE VELOCITY MEASUREMENT
6.1

Theory of measurement

We gave in introduction of this course the definition and the formulation of the flow:
Q (m3s-1) = L (m) x Hm (m) xU (ms-1)
That one can also write:

Q (m3s-1) = S (m2) x U (ms-1)

(1)

This formula implies that velocity U is constant in any point of the section. However,
this condition is never satisfied in fluvial flow. Velocities varies from a point to another
due to the form of the bed, upstream and downstream of the section of measuring,
the roughness of the banks, vegetation, irregularities of bottom etc, and in the same
point, it fluctuates in size and direction in time.
A representation of the discharge is given figure 6.1 below.

Figure 6.1: Representation of the flow
The flow is equal to the volume of water contained in the curvilinear trihedron limited
by line AB and curves AMB (envelope of the velocity vectors of the fluid particles on
the surface) and ANB (section of the bed of the river in the vertical plane passing by
line AB). The left surface limited by curves AMB and ANB is the locus at the moment
to + 1 second of the water particles having left vertical plane ANB at the moment to; it
is thus, ultimately, the envelope of the velocity vectors of all the liquid particles of the
cross section.
If S is the surface of the section of measurement and U presumedly constant velocity
through a small element: dS = dp x dl (with dp element depth and dl element of the
width), the flow dQ crossing this element of section will be given by:
dQ = U dS

(1)

and the total flow will be expressed:
Q = ∫∫ U . dS = ∫∫ U . dp. dl
(2)
S

S

who can be also written:
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Q = ∫ U . dp ∫ dl = ∫ U . dl ∫ dp
P

L

l

(3)

P

P and L being respectively depth and width of the section through which the flow Q
runs out.
The first formulation of (3) indicates that it is necessary to define a mean velocity on
the whole depth and to thus obtain an elementary flow also called unit flow or unit
product (often indicated by the symbol PU), according to a vertical which will be
summoned then over the whole width. The second formula of (3) shows that the
mean velocity can be defined according to horizontal over the whole width, then the
elementary flow thus calculated will be summoned on the whole depth of the section.
One sees as well as the knowledge of the flow is obtained only by the measurement
of the velocity in several points within the flow in order to define a mean velocity. It is
what one usually calls: discharge measurement by velocity area method.
6.2

Different methods of measurement

6.2.1 Complete measurements
6.2.1.1 Point to point method
The first step in making a conventional current-meter measurement of discharge is to
select a measurement cross section of desirable qualities. If the stream cannot be
waded, and high-water measurements are made from a bridge or cableway, the
hydrographer has no choice with regard to selection of a measurement cross section.
If the stream can be waded, the hydrographer looks for a cross section of channel
with the following qualities:
− Cross section lies within a straight reach, and streamlines are parallel to
each other.
− Velocities are greater than 0.15 ms-1 and depths are greater than 0.15 m.
− Streambed is relatively uniform and free of numerous bouldersand heavy
aquatic growth.
− Flow is relatively uniform and free of eddies, slack water, and excessive
turbulence.
− Measurement section is relatively close to the gaging-station control to
avoid the effect of tributary inflow between the measurement section and
control and to avoid the effect of storage between the measurement
section and control during periods of rapidly changing stage.
It will often be impossible to meet all of the above criteria, and when that is the case,
the hydrographer must exercise judgment in selecting the best of the sites available
for making the discharge measurement.
Specific velocities V are measured in various points of the cross section, in general
on verticals chosen in advance and fixed depths. There are very many “schools” and
rules for the choice of the verticals and the points of measurement (a number and
distribution).
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Figure 6.2: Diagram of examination of a gauging point by point
1) Méthode des isotaches 2) Méthode des paraboles
Calculation mean velocity:

U=

1
V . dS
S ∫∫

This double integration is made in two steps:
− either while starting with the verticals to calculate the mean velocities by
verticals Vj (with Pj: total depth of the vertical) which one then integrates
over all the width L of the section; it is the method known as of the “velocity
parabolas” which is written:
Pj
L
1
1
V =
V . dP
and
U = ∫ Vj .dL
Pj ∫0
L0
− or while starting with the calculation of the areas of wetted cross section If
running out at a higher velocity or equal with a given value then by
integrating these surfaces according to the vector maximum velocity; it is
the method known as of the “isotaches” which is written:
L

Si =

∫

p. dL

and

0

U = 1
S

V max

∫ S .dv
i

0

In practice, integration is graphically made (figure 6.2) or arithmetically (for the
method of the parabolas only).
6.2.1.2 Integration method
In the integration method the meter is lowered in the vertical to the bed of the stream
and then raised to the surface at a uniform rate (1/100 of the runoff velocity).
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During this passage of the meter the total number of revolutions and the total elapsed
time are used with the current-meter rating table to obtain the mean velocity in the
vertical.
The integration method cannot be used with a vertical-axis current meter because the
vertical movement of the meter affects the motion of the rotor; consequently, the
method is not used in the U.S.A., where the Price meter is the standard current
meter. However, the integration method is used to a degree in European countries
where horizontal-axis meters are the standard current meters.
The accuracy of the measurement is dependent on the skill of the hydrographer in
maintaining a uniform rate of movement of the meter. A disadvantage of the method
is the inability of the meter to measure streambed velocities because the meter
cannot be placed that low. Coefficients smaller than unity are therefore required to
correct the observed integrated velocity.
n
Considering a currentmeter whose rating formula is: u = a + b
(1)
t
In which u is the current velocity and n the number of revolutions of propeller
recorded during time t.
P is the total depth and v the rate of shifting of the currentmeter, presumedly
constant. On an element dp the depth P, one has a current velocity U which can be
dp
considered constant.The currentmeter will spend a time dt =
to traverse the
v
element dp (v is, in general, sufficient small compared to u so that its influence on u
is negligible).
During displacement along the element dp, one will count a number of revolutions of
propeller dn which will answer the relation:

u=a

dn
vdn
+b⇔u= a
+b
dt
dp

(because: dt =

dp
)
v

u− b
dp
va
If N is the total number of rotations recorded on the depth P, in a time T = P/V, one
hve:
P
u−b
N =∫
dp
va
0
Corresponding velocity U, calculated by the formula (1) will be:
dn =

From where:

P

P

N
au
ba
U = a +b = ∫
dp −
dp + b
T
vaT
vaT ∫0
0
P

now: vT = P et :

∫ dp = P
0
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1
P udp
P ∫0
What is the expression mean velocity along the vertical.
U =

from where:

The gauging by integration, thus giving directly the mean velocity on the vertical,
allows the realization of faster and more complete measurements.
6.2.1.3 Methods of immersed floats
We will quote this method for memory because it is used rather little. Its application
can be made only in sections perfectly gauged in-depth over a certain length. It gives
good results in the case of very low speeds where the use of currentmeters is not
possible any more.
Principle
The mean velocity of water is obtained by timing the time put by a ballasted float,
immersed on a depth equal to approximately the 4/5 with the draught, to traverse a
distance of which the length depends on the current velocity.
For a correct measurement, it is necessary that the draught is constant over the
entire length of the displacement of the float so that it does not have there, in
particular, risk of friction on the bottom.
To have the mean velocity with a suitable precision, it is necessary to be sure that
the float covers at least the 3/4 the depth. It is necessary also that the float is
immersed vertically, air part being the most reduced possible.
The total flow is obtained starting from the unit flow on each vertical calculated by
making the product the speed measured by a fictitious depth “p” equal to the
arithmetic mean real depth and immersed length of the float.
This empirical rule is used to take into account the fact that measured velocity is
slightly higher than the true speed, the float exploring only the higher section of the
flow.
6.2.2 Incomplete measures
6.2.2.1 Incomplete exploration of depth
This way of working can be systematic, it is the case of the American methods with
measurement in one or two points predefined on each vertical, or occasional during
exceptional floods with important transport of floating bodies.
Velocity is observed at two points at 0.2 and 0.8 of the depth from the surface and
the average of the two readings is taken as the mean for the vertical. Generally the
minimum depth of flow should be about 0.75m when the 0.2 and 0.8 depth method is
used.
The reduce points methods are mainly accurate when the geometry of the bed is
regular, the velocity distribution homogeneous and in the condition of steady regime
flow.
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The value of these methods is the ease and speed of setting the meter at a single or
double points, and so the reduced time necessary for completion of a gauging.
The choice of these points of measurement was made after examination of very
many gaugings on the rivers of America, who showed that speeds with these depths
are close to the mean velocity.
Occasional incomplete measurements:
This can occur during a complete gauging at the time of great floods. On some
verticals, located in the zone of maximum flow, which is moreover that where
haulages on the surface are most important, it can happen that it is not possible to
explore all the depth because of the risks of deterioration or loss of material. In this
case, will be realized, by taking all the wanted precautions, only some measurements
near the surface, or even, generally only one measurement on the surface.
The estimate mean velocity will be made by comparison with the complete
measurements already carried out on these verticals and the partial measurements
obtained at the time of/or of the exceptional risings.
Superficial measurements:
During very strong rising, the velocities of flow reach values such (4 to 5 ms-1, even
more), it becomes impossible to make with a hydrometric currentmeter a complete
gauging by exploration of the field velocity.
In these extreme cases, the estimate of the flow is still possible starting from surface
measurements:
- neither with a currentmeter, if its immersion does not present too many risks,
- nor using natural floats (floating bodies, trees…), or artificial (ballasted
bottles…).
One thus obtains a certain number of points of measurements, distributed on all (or
part of) the width of the section, with the help of which it is possible to define the
mean velocity of surface: Vms. The section of measurement being known starting
from complete gaugings carried out with lower dimensions or the profile transversely,
the flow is obtained directly:
Q(m3s-1) = K .Vms(ms-1) S(m2)
K being the coefficient of correction to be applied to Vms to have the mean velocity in
all the section: K = U/ Vms. This coefficient results from the complete gaugings for
which U (mean velocity = Q/ S) and Vms are known.
If there no were gaugings at the station nor no indication on the variation of K in the
section which one studies, one will be able to take the following values:
− Strong velocity, depth higher than 4 m
1,00
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−
−
−
−
−

Mean velocities in mountaneous riversf
Large rivers
Average slopes, average rivers
Weak slopes, average rivers
0,85
Very low velocities

1,05
0,95
0,90 à 0,95
0,80

Realized under good conditions, the gaugings with the floats give good results and
they must be used each time the traditional methods cannot be implemented.
6.3

Various procedures

It is possible to classify the methods of measurement according to the procedure
adopted for the realization of the gaugings. This procedure depends on the
characteristics of the river, equipment of the hydrometric station and material one
has.
We present hereafter the principal modes of measuring, with their limits of use:
6.3.1 Measurement by wading
It is the method simplest to implement. The operator moves along the section of
gauging and holds directly with the hand the material: generally currentmeter
assembled on pole. The position of the points of measurement is located in ordinate
(depth) using the graduations related to the pole and in X-coordinates (distances to
the bank) on a double decametre, a graduated cable tended across the section, etc.
The position of the operator must be such as the disturbance brought to the flow is
weakest possible: measuring apparatus held vis-a-vis the current further possible
upstream, isolated legs.
This method called in Anglo-Saxon countries “wading method” is usable only in not
very major sections (<1,00 m) and with low rates of flow (1,00 m).

Figure 6.3: Wading rod gauging
6.3.2 Measurements from a bridge or footbridge
Niger – HYCOS and Volta – HYCOS Projects
Measurement and calculation of discharges
Gauging with ADCP

Page - 38 -

Unité Observatoire Hydrologiques et Ingénierie (OBHI) IRD - Montpellier
If the section of gauging is located close to a bridge or a footbridge, the device of
measurement will be moved starting from these works with suitable material: pole
suspended with a support (foot of pole for example), sounding weight assembled on
simple overhang, overhang assembled on vehicle, manual or moorised crane.

Figure 6.4: Gauging with a crane
The position of the points of measurement is given in ordinate by the graduations on
the pole or a meter of depth; in X-coordinates by reading on one decametre or
graduations painted on the parapet of the bridge in a final way.
With a pole assembled on foot support one can measure with depths <1 m and
velocity <1 ms-1. These limits are increased a little with a pole operated by a carriage
- winch: P <2 m and V < approximately 2 ms-1. With a crane, the depths can reach 10
m and velocity 3 ms-1.
6.3.3 Measurement with a boat
6.3.3.1 Boat and cable
For depths > 1 m, flow velocity < 3 ms-1 and a width of the river < 300 m, the boat is
moved along a tended cable transversely materializing the section of measurement,
and used to locate the X-coordinates (graduations or meter). The depths are
measured with the meter of the winch.
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Figure 6.5: Discharge measurement with cable
6.3.3.2 Boat and hydrological sextant
If the section of measurement is >300 m, it is very difficult and sometimes dangerous
to tighten a cable transversely.
In this situation, the position of the verticals is located compared to beacons installed
on the banks and ranges on a level obtained by topographical survey: beacons of
alignment materializing the section and beacons of angles to define the positions of
the verticals. One uses for this operation a hydrographic sextant, apparatus derived
from the sextant allowing to measure angles in a horizontal plane. The boat is
maintained in position in the section using a chain and of an anchor.
The operations of location of the verticals are simplified if one has a rangefinder of
precision. One can also use a theodolite installed on a bank to raise the various
positions of the boat in the section.

Figure 6.6: Discharge measurement. Location with sextant
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Figure 6.7: Discharge measurement. Repérage sur les rives
6.3.3.3 Boat and current profiler
The use of the current profiler: ADCP (Accoustic Doppler Current Profilers) does not
require any beaconing on the banks. Data processing associated with the apparatus
allowing this one to locate itself in azimuth, the advance followed by the boat (one
can for example slalomer around the piles of a bridge) does not influence the final
result. The device of measurement (not very cumbersome), is fixed on an overhang
in front of the boat, so as to be immersed of at least 20 cm during all the time of
measurement, and with a maximum tilt angle of 20° compared to the vertical. The
rate of moving of the boat does not have theoretically an influence on the quality of
measurements, according to the tests which we carried out; it seems preferable to
move at moderate speed.
6.3.3.4 Measurements with cableways
When velocities become important (>3 m3s-1) the measurement of the discharges is
done starting from cableways, also called cable cars stations.
They comprise a whole of cables and winches allowing the displacement of heavy
material of measurement on the section of measurement. The operations are carried
out from the bank; the winches are equipped with meters of distance and depth
making it possible to position the device of measurement with precision.
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Figure 6.8: Gauging with cableways
6.3.4 Specific case
In the particular case of the gaugings in rising, with very fast variations of the water
level (several tens of centimetres per hour), one is brought to use the method of the
gauging uninterrupted or by independent verticals.
The principle of this method is as follows: if it takes one hour to make a complete
gauging (10 to 12 verticals on average), it will be necessary, taking into account
displacements of the material, 4 to 5 minutes to explore a vertical. The variation of
the water level during measurement on a vertical will be very weak, about a few
centimetres maximum. By carrying out for each vertical a series of measurements
distributed on all the field of variation of the water level, it will be possible to plot a
calibration curve representing the relation between the heights and the unit flows
measured on the various verticals.
Using the calibration curves by verticals thus obtained, one can then define for each
vertical a series of unit flows corresponding to beforehand definite water levels. The
integration of these unit flows over all the width of the section will give, for the various
gage height chosen, the flows which will allow the precise layout of the rating curve of
the station.
By what precedes, we deduce the imperative rules to respect for the implementation
of this method:
- to always make measurements with the same verticals, whatever the gage
heights,
- to measure throughout all flood rising, without interruption,
- to note the hour and the water level at the beginning and the end of each
vertical.
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7

THE DEVICES USE FOR VELOCITY MEASUREMENT

We will treat here only devices of direct measurement speed (floats, currentmeters)
the indirect measuring apparatus: tube of Pitot, probes with hot wire, hydraulic
clock,… are neuther obsolete, nor reserved for measurements in laboratory and thus
leave the framework of this training.
7.1

Detection of the velocity

7.1.1 The floats
In this method we measured only the surface velocities or more exactly the velocities
in the upper slice of the flow (the upper 20 cm).
The use of natural floats: trees, big branches, or any floating pieces, heavy enough to
be representatives of the flow velocity is the easier way. The problem in this case
could be the identification of the float for a given measurement among the different
floating pieces.

Figure 7.1: Different types of floats
7.1.2 The current meter
A current meter is an instrument used to measure the velocity of flowing water. The
principle of operation is based on the proportionality between the velocity of the water
and the resulting angular velocity of the meter rotor. By placing a current meter at a
point in a stream and counting the number of revolutions of the rotor during a
measured interval of time, the velocity of water at that point is determined.
There are two types of currentmeter: with cup or vertical axis and propeller or
horizontal axis. We will speak only about the second type which is, currently, the
apparatus more used in the world. Figure 7.2 presents the diagram of operation of
the currentmeter at horizontal axis and electric indication.

7.1.3 The propellers
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The modern currentmeters with horizontal axis are all equipped with propellers with
oblique edges (whose blades on helicoid surface are established directly on the hub)
normal or self-components.
One finds machined chrome brass propellers, out of moulded alloy of aluminium and
since a few years, out of moulded plastic. The advantages had by this last material
are in particular a lower cost price, the suppression of individual rating (the
propellers are calibrated statistically by choosing some samples in a set coming from
the same mould: mean rating) the very weak inertia and finally of the absence of
permanent deformation in the event of shock.

Figure 7.2: Diagram of operation of a currentmeter with horizontal axis
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A propeller is characterized by its diameter and its pitch. The most current diameters
are 125 and 100 mm, one can go down to 30 mm for the propellers from pigmycurrentmeter. The nominal pitch is distinguished, characteristic given by the
manufacturer and the real pitch, determined by calibration after machining of the
propeller.
The usual nominal pitches are: 0,05 ; 0,10 ; 0,125 ; 0,250 ; 0,500 ; 1,00 meter.
The choice of the pitch of the propeller to carry out a measurement will be given
according to the current velocity. For a mean velocity of flow given, one will prefer a
propeller with weak pitch, who will thus have a greater sensitivity, but which will
generate a great pulse repetition frequency on the meter. This is not any more,
currently, a disadvantage with the electronic pulse counters, and the same propeller
covers a wider range velocities.
7.1.3.1 Normal propellers
These propellers correctly measure the flow velocity of the flow lines as long as their
trajectory remains parallel to the axis of the currentmeter or in an angle <5° with this
one.
7.1.3.2 Self-component propellers
In the case of oblique flows compared to the section of measurement, it is a question
of detecting not the absolute values local velocities v, but values of their components
vo in the direction perpendicular to the section (figure 7.3.).
vo = v . cos α
α being the angle which forms the velocity vector v with the perpendicular with the
section of measurement. It is the law of the cosine.

Figure 7.3: Operational limits of the various propellers, according to OTT
Company OTT was the first to develop propellers (standard A and R) whose
characteristics follow the law of the cosine within limits wider than the propellers to
oblique edges of normal construction.
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The maximum angles of incidence are of:
•
•
•

5°
15 à 25°
45°

with nomal propeller
with propeller R
with propeller A

The angle of incidence or the angle of the direction of the velocity vector with the axis
of the currentmeter must remain within certain limits which are recommended by the
manufacturer.
7.2

Currentmeter support

Current meters, timers, and a means of counting meter revolutions are needed for
the measurement of discharge, along with additional equipment that depends on the
manner in which the measurement is to be made-that is, whether by wading,
cableway, bridge, boat,
To place the currentmeter in the flow, at the wished point, one uses a support of
which the choice, among the many existing models, depends on the characteristics
on the section and flow (dimensions of the river, presence of bridge, velocity values,
and with the draught to be measured, ...).
7.2.1 Wading rod
Setup on pole, the currentmeter is operated in two manners:
- directly by the operator placed in the flow (wading measurement), the pole
resting on the bottom of the bed of the river
- from a footbridge, the pole being suspended with a support allowing vertical
displacements.
In the 1st case, the poles used generally have a diameter of 20 mm, the winch is
fixed neither directly, nor mobile thanks to a slide.

Figure 7.4: Currentmeter on a wading rod
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When the draught and speed become too important (>1 m and >1 ms-1), and if the
section is equipped with a footbridge, it is possible to mount the currentmeter on
suspended pole operated from a support called usually “foot of pole” or using a
carriage provided with a winch. In this configuration, one will use preferably an ovoid
pole more rigid than the cylindrical pole.
7.2.2 Assembly on sounding weight
The companies manufacture shaped weights of sounding weights called “salmons”
whose mass varies from 5 to 130 kg, on which the currentmeter can be assembled.
There are two principal types of sounding weights:
• with the currentmeter assembled in end, the sounding weight is equipped with
a drift which enables him to remain in the axis of the current,
• with the currentmeter fixed at the top of sounding weight, on an articulated
rod.
•
Sounding weights of both types are generally equipped with a bottom detecting
device.

Figure 7.5: Assembly on sounding weight sur saumon
According to the type of sounding equipment used, the currentmeter is placed more
or less high compared to the sole of the bottom detector. It is important to know with
precision this distance called “bottom constant”, to correct the depths consequently.
7.3

Displacements of the support of currentmeter

These displacements are done according to the vertical axis (depths) and the
horizontal axis (distances).
7.3.1 Vertical displacements
On the vertical axis, the curentmeter will be moved neither with the hand by the
operator (case of the wading measurement), nor via a winch for the gaugings with
sounding weight.
There are three categories off winches: simple, double and special. The first are used
for assembly on overhang, cyclopotence or possibly on pole; seconds only for the
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operation from the cable-car stations; special winches operating some particular
standard off cyclopotences.
The various manufacturers planned for each type of winch speed reducers of
descent which allow the execution of gaugings per integration.
The plate hereafter shows some types of winches usually used in hydrometry.
7.3.2 Horizontal displacements
Various cases should be distinguished, according to the configuration of the site of
measurement. Except the simple case of the wading rod gauging, where the operator
will move the pole with the hand along the section, locating the positions of the
verticals on one decametre tended transversely, measurements will be made either
from a bridge (if there exists and that its geometry allows measures to good
conditions), or from a boat or via a cable car or cableways.
7.3.2.1 Measurments from a bridge
When one measures from a bridge, the meter and sounding weight can be supported
by a handline, or by a sounding reel mounted on a crane, or by a bridge board.
The reading of the distances will be made on a double decametre tended on the
bridge, or on predefined positions reference mark (in particular in the case of
uninterrupted gaugings).
7.3.2.2 Measurments from a boat
If a bridge is not in the vicinity immediate of the measuring site, or that its architecture
does not allow the realization of gaugings under satisfactory conditions, one will use
a boat for measurements in flow at low to average speeds, a cableway for stronger
flows.
For the gaugings in “traditional” rivers, the ideal boat is certainly the ZODIAC Mark II
equipped with a light overhang on which the working winch of the sounding weight
(generally 25 kg) is assembled. The fixing of the boat to the cable defining the section
is carried out using a releasable carriage provided with a meter for the measurement
of the width and the location of the verticals.
Measurements of flows on the large rivers (the Amazon, Congo, Niger, ...), with
important depths and raised rates of flow, require large-sized boats. The
immobilization of the boat in the section is done by anchoring, the location of the
positions compared to the bank using a hydrographic sextant, of a rangefinder,
theodolites, ....
7.3.2.3 Measurements from cable car stations
When velocities to be measured exceed 3 ms-1, or that the section of measurement is
located upstream dangerous falls or rapids, the only material usable is the station
cable car.
The components of a station cable car are as follows:
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- a double winch,
- the bearing and traction cables,
- the electroconducring cable,
- anchorings and holders of winches and cable
- the housing.
The principle of operation of these stations is as follows: the cable carrying large
section, support the equipment of measurement via a carriage moving on the cable.
This carriage is operated from the bank by a traction cable actuated by a double
winch with which it is possible to also move sounding weight according to the
selected verticals. Meters give the X-coordinates and the ordinates of the winch. The
winches are either manual or electric.
For the large rivers, these installations will be fixed in a permanent way. Being heavy
equipment, thus expensive, the choice of the site and the installation will be made
with the greatest care. For the rivers of less importance (width (50 m), there are
currently light stations cable cars, easily transportable, who can be installed on the
site quickly. The costs will be thus largely undervalued, only one equipment which
can be used on various measuring sites
7.4

Current profiler with DOPPLER effect

Result of a decade of experiment with current profilers with Doppler effect (Acoustic
Doppler Current Profilers) RD Instruments developed a range of ADCP with broad
band frequency for measurements of flow in not very deep rivers. This apparatus
combines the high resolution necessary to measure the current velocity in river, with
the capacity to measure the depths and relative displacements of the boat compared
to the bottom. They are the parameters necessary to calculate the flow directly and
with precision. At the same time, the profiles speeds and the profile across the
section are established.
It is thus possible to make precise and repetitive measurements in the few minutes
necessary for a crossing of river in boat. Measurements of discharge with the ADCP
were tested in the rivers and large rivers around the world. These measurements in
various sites showed that the results were given with less than 2% of error.
Measurements can be made from 1 m of depth.
One can easily install a profilor on a light boat, a boat or ship, but also on a float
which will make it possible to move it from a bridge or with a cable car. The power
supply is provided by a power generating unit, external or internal batteries. The only
additional equipment needed is a laptop able to run the software for the calculation of
the flows, No instrument of navigation or echo sounder for the depths is necessary.
Profiler ADCP for measurements in river belongs to a range of profilers used in
oceanography for example. Although all these apparatuses have the same principle
basically, those conceived for measurements in rivers have particular specifications,
amongst other things for the frequency bands (75, 150, 300, 600, 1200, 2400 Khz)
corresponding to different the ranges from measurements and resolutions.
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7.4.1 Data from the profiler
The ADCP measures the current velocity, relative speed compared to the bottom,
depth and intensity of the echo. the rate of flow is measured in a series of bands of
equal depth, called “cells of depth”. A small band is not measured close to surface
(corresponding to the immersion of the apparatus), and with “blanck” due to the
transmission of the sequences of impulses. Another band is not explored close to the
bottom. The profiler also measures bottom velocity and the depth.
7.4.2 Measurement of discharge
The profilor records all the data necessary to calculation of the flow in only one
crossing of the river. These data include: depth, current velocity and the positions (Xcoordinates) compared to the bank. The system determines the positions in Xcoordinates starting from the bottom velocity measurements.
A specific characteristic of the profiler, is its capacity to measure the component rate
of flow perpendicular to the trajectory followed to cross the river. This makes possible
for the system to calculate the flow without taking account of the followed trajectory.
Tests were carried out several times by making direct crossings, zigzags, and even
loops in the middle of the river.
Measurements of flows realized on 4 rivers of the United States and of Europe
showed that the results are given with an uncertainty lower than 2%. The majority of
the noted variations came from the natural variations of the flow rather than of errors
of measurement.
7.4.3 Suspended sediments
The profiler can also make measurements of flow in the rivers with strong suspended
solid load. High concentrations can influence the basic velocity measurements, which
could be slightly over-estimated, close to velocity rates of of the bottom. This is
called: “drift of water”. 1
The profilers with broad band frequency are less sensitive to this problem than those
with narrow band because they use shorter impulses of transmission. Those reduce
the echo reflected by water (charged) compared to that of the bottom. As this type of
apparatus allows narrower cells of depth, one can use lower frequencies for
measurements in not very deep rivers.
These low frequencies also increase the force of the bottom echo compared to that
of water charged and thus minimize the “drift of water”. For example, a measurement
of flow was carried out successfully in water very charged of the Mississippi river with
a band of emission of 300 Khz.

7.4.4 Installation on a boat
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The profiler can be installed in a special well under the boat, in front or on side of the
boat. The installation at the prow require a solid fixing of the apparatus which must be
sufficiently immersed so that bubbles do not come to be formed on the lower face of
the transducer when the boat lift out of the water. The depth of immersion depends
on the rate of moving of the boat and surface of the water level, generally 0,20 to
0,50 cm are sufficient.
The compass installed in the transducer must be as distant as possible from
ferromagnetic masses, like the engine for example. The data of the compass are not
necessary for the calculation of the flows, but used to determine the direction of the
flow.

Figure 7.5: Assembly on ADCP on a boat
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8

FIELD OPERATIONS

We will say, in preamble in this paragraph, that the measurement of the flows, in
spite of its apparent simplicity, is a sometimes delicate operation which requires a
constant sense of the observation and a great preoccupation with meticulousness. In
hydrometry, the exceptional events are rare, difficult to observe and once occurred,
only the scrupulously made notes and measurements make it possible to analyze
them correctly. This corroborates what wrote.A.RODIER “measurements of flows
must be carried out intelligently because they require much more competences,
judgement and imagination that it is not thought ".
8.1

General rule

This one relates to the material as a whole and to the currentmeters in particular who
are instruments of precision. They must thus be handled carefully as well during
transport during measurements. A material in good condition is the security of correct
results, if of course measurements are taken under good conditions. This also implies
that before each round of measurements, are checked the state of the batteries of
the pulse counters, the state of the cables (electro carrier and of X-coordinates),
greasing of the winches, that the oil of the currentmeter (if it contains some) is
changed, etc
8.2

Choice of the section of measurement

It is important to recall that the finality of the operations of measurement of the
discharges (or gauging) is the knowledge of the relation water level / discharge
perpendicular to the the section with the staff gage for establishment of the rating
curve. This obviously will condition the choice of the site of measuring.
It also should be recalled that a hydrometric station generally comprises several
characteristic cross sections, different sections being very often used for measuring
water levels and flows.
The hydrometric station can thus extend on a reach (portion from river where, in
permanent regime, the flow is constant or more exactly regarded as such in any
cross section) several kilometers length. We will thus present in what follows some
selection criteria on the one hand hydrometric site of station, then sites of section (s)
of measurement.
8.2.1 Choice of the site of hydrometric station
Two types of criteria must be taken into account in this choice. The ones relate to the
mode and the facility of management of the station: accessibility, monitoring,… ; the
others relate to the natural properties of the site from the geometrical point of view
and the water resource: adaptation to hydrometric measurements, stability of the
reach and control, sensitivity.
8.2.1.1 Adaptation to measurements
The selected site must allow the observation of all the water levels and the
measuring of all the flows, whether they are very weak or very high.
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This implies that the totality of the flow passes in the section of measurement (bed
with single channel) and that equipment limnimetric can firmly be installed there. This
also supposes that measurements are conducted under good conditions: quite
readable staff without risk, free flat and stable surface whatever the flow), slow flow
for the gaugings with the currentmeter, with a strong side mixing for the techniques of
chemical dilution.
8.2.1.2 Stability
The relation water level - discharge of a hydrometric station must be as stable as
possible. It is necessary for that to choose a reach, dug in a material resisting or at
least of good cohesion and especially to seek, in a systematic way, permanent and if
possible complete hydraulic controls.
This second condition imposes the choice of a reach with fluvial regime controlled by
the downstream, as well as a localization of the sills or sections of control with
evaluation of the limits of effectiveness of each one of them.
8.2.1.3 Sensitiveness
The sensitivity of a station is of as much better than a great variation in water level
read on the staff corresponds to a weak variation of the flow crossing the section of
ΔQ
the staff gauge. It can be expressed by the ratio
or even better, since the relative
ΔH
ΔQ / Q
precision on the flow imports more than the absolute precision, by the ratio
ΔH
This ratio expressed in % per centimetre is variable according to the level, but must
remain as weak as possible.
8.2.2 Gauging sections
In permanent regime the flow is the same one in any section of the hydrometric
reach. It is thus allowed to measure it anywhere. One chooses to do it in the section
which offers best guaranteed measuring accuracy.
Regular and stable cross section, sufficient velocity of flow, parallel filaments of water
are the selection criteria of a section of gauging with a currentmeter. These
conditions are not always easy to join together near the limnimetric staff, all the more
there is often opposition between low and average or high waters.
A section of high waters is selected in a reach with weak slope to limit the violence of
the current. There will be no disadvantages so that this section is far away from the
section on the staff gauge, in condition however that the flow remains unchanged.
For low waters on the contrary, one encounter an insufficiency either depths (sills), or
velocity (dampings).
Moreover, the gaugings must be as made close as possible section of the staff
gauge because of the rapid variation of the low flows (exchanges with the ground
water, percolation).
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The use of the methods of gauging by chemical dilution does not involve the choice
of a section of gauging but on the contrary of a long reach several hectometers or
kilometers according to the flow and the mixing of water.
8.3

Choice of the procedure

This choice is according to:
- the equipment of the station,
- the width of the river,
- the velocity of the flow,
- the depth,
- in all the cases, speed of variation of the water level.
Two cases can be distinguished: river with slow variation of the water level where
one will apply the traditional method of gauging, and river with fast and strong
variations: uninterrupted gauging or method of the independent verticals, or gauging
by dilution if the flow is very turbulent and does not authorize the use of the
currentmeter.
These methods are and will remain still a long time most used in France. The very
recent appearance of materials such as Acoustic Doppler Current Profilers probably
will improve considerably the realization of measurements, in particular in rising, if
however the conditions of navigation are not too unfavourable.
8.3.1 General rules valid for all methods
Let us point out some rules which must be always present in the mind of the
hydrometrist:
− For measurements of flows in clear water with weak draughts, one will
preferably use the pigmy currentmeter assembled on pole,
− It is always preferable, when it is possible, to measure with a pole which
allows more precise locations of the positions of the currentmeter,
− it is disadvised assembling a wading rod on a boat,
− if there is not bridge, one will use until the limit of his possibilities, the
currentmeter fixed at a weight and operates from a boat. This method
makes it possible to have very weak head rooms, and also to exploit the
best existing section,
− when the boat is not usable, one will measure with the crane from a bridge
if it exists, or from a cable car station,
− in rising, on river presenting an important solid transport, it is better to lose
part of information while placing the currentmeter rather high above
sounding weight rather than to see the currentmeter deteriorated by sands
and gravels in suspension,
− finally not to forget that the quality of a gauging depends generally on the
care with which the material is maintained.
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8.3.2 Corrections on the depth
Errors to the measure depths are introduced during gaugings carried out by strong
velocities because of drift of sounding weight under the strenght of the current.
The fastest and most precise method is the correction depths read on the meter from
the topographical survey (cross profile), for the various values of the water level.
Thus one will have the wetted cross section directly if the bottom of the river bed is
stable, if it is not the case, a cross profile before and after the flood will help to
reconstitute it.
Another method usually used is the correction starting from the angle α of drift of the
cable with the vertical.
Correction: Δ p = Δa + Δd
with for the part of cable out of water
:
Δa = AE - AB = AE (1- cos α)
and for the part of cable immersed:
Δd = EF * K
K varies with α (see table)
α
in 1 - cos α
degres
4
0.0024
5
0.0038
6
0.0055
7
0.0075
8
0.0097
9
0.0123
10
0.0152
11
0.0184
12
0.0219
13
0.0256
14
0.0297
15
0.0341
16
0.0387
17
0.0437
18
0.0489
19
0.0545
20
0.0627

K
0.0006
0.0011
0.0016
0.0024
0.0032
0.0041
0.0050
0.0061
0.0072
0.0085
0.0098
0.0113
0.0128
0.0146
0.0164
0.0184
0.0204

α
in 1- cos α
degres
20
0.0627
21
0.0664
22
0.0728
23
0.0795
24
0.0865
25
0.0937
26
0.1012
27
0.1090
28
0.1171
29
0.1254
30
0.1340
31
0.1428
32
0.1520
33
0.1613
34
0.1710
35
0.1808
36
0.1910
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0.0204
0.0226
0.0248
0.0272
0.0296
0.0323
0.0350
0.0379
0.0408
0.0440
0.0472
0.0508
0.0544
0.0582
0.0620
0.0659
0.0698
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8.4

Rules related to the procedure

8.4.1 Gauging point by point
In many countries, the number of points of measurement on a vertical is evaluated
from empirical formulas which give results often very different and lead sometimes to
very long times of measurement.
We adopt in what concerns us the following rules:
- Case of the large rivers, gauging with winch suspended on sounding weight.
For depths higher than one meter, one will take five points distributed in the following
way: one on the surface to 0,10 m in lower part of the water level, one at the bottom
at the distance which the assembly of the currentmeter (bottom constant) allows, and
three points distributed in the remaining height to the 2/10, 5/10 and 8/10 this height.
Figure 8.2 below shows the distribution of the points on the vertical.
Surface du plan d'eau
1

0,10

2

0,70

3

1,60

4

2,50

5

3,10
fond = 3,25

Figure 8.2: distribution of the points on the vertical
- toyal depth: 3.25 m
- bottom constant: 0.15 m
- first point at 0.10 m from surface
- fifth point at 0.15 m from bottom or 3.10 m from surface ;
The intermediate height is equal to 3.00 M. We take:
second point 0.10 + (2/10 x 3.00) = 0.70 m⎫
⎪
third point 0.10 + (5/10 x 3.00) = 1.60 m ⎬from surface
fourth point 0.10 + (8/10 x 3.00) = 2.50m ⎪⎭
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All the gaugings will be carried out with an identical distribution of the points.
For the depths ranging between 1 m and 0.50 m: three points, one on the
surface, one at the bottom (as close as possible) and one in the medium or slightly
lower to improve the precision of the layout in automatic examination by the method
of the trapezoids.
Below 0.50 m depth, take two points: one surfaces and one close to the
bottom; with a pigmy currentmeter one can make 4 to 5 points on a 0.50 m.
Do not forget that to multiply the number of points exaggeratedly gives a very illusory
precision if, in same time, the velue of the water level varies notably.
8.4.2 Gauging by intégration
The gaugings by integration can be carried out either using an assembly on wading
rod (rod AGAR III), or using an assembly on sounding weight. In this case, the total
height of the vertical cannot be explored, the currentmeter being fixed either on the
nose, or suspended on the top of sounding weight. The unexplored part will be thus
equal to the “constant of sounding weight”.
We propose to proceed as follows for the correction: if C represents the constant,
and V speed of descent, the sounding weight would have spent a time T = C/V to
reach the bottom. It will be enough once reached the bottom, to make a
measurement during this time T, and to add the time and the number of revolutions
recorded with the values entered during the descent.
The gauging by integration can give good results only if the time of measurement is
sufficiently long: 60 to 100 seconds. This implies never use this method for depths
<0.30 m with the rod AGAR III (speed of rise = 0.5 cms-1), or <1 m with the assembly
on sounding weight (speed of descent = 1.5 to 2 cms-1).
This method could not be employed either for low rates of flow (<0.5 ms-1), speed of
descent of the currentmeter having to be definitely more reduced than the current
velocity.
8.4.3 Discharge measurement by floats
This method gives good results if the technique is correctly applied.
Ce procédé peut paraître sommaire mais il est toujours préférable d'avoir une
mesure aux flotteurs que pas de mesure du tout.
8.4.3.1 Floats measuring section
A high flood, specially a flash flood always represents a crisis event, and it will be a
good process to define and equip the section to be measured before such a period.
The length of the section must be sufficient to enable a float crossing duration of 30
to 50 seconds and sited in a straight reach of the river, far enough of particular points
such as, bridges, curves, junctions,....
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The section is defined by 4 beacons naturals (trees, building,...) or artificial (pieces of
wood or iron), two on each bank (fig. 8.3). The two cross sections AB and CD must
be parallel and perpendicular to the main flow way. After the setting up of the
beacons a levelling survey has to be done to know the values of AB, CD, as well as
the distances from the beacons to the banks and the cross section of the river bed in
the reach of the measurements.
8.4.3.2 Marking out
It includes four beacons A B C D natural or artificial, distributed two by two one each
bank and materializing two cross-sections AB and CD (cf. figure 8.3.).

Figure 8.3: Float measuring section marking out
BEACONING: INSTRUCTIONS TO BE RESPECTED IMPERATIVELY
It is necessary that:
− the cross sections AB and CD are rigorously parallel,
− that the beacons A and C (or B and D) are accessible during flooding,
whatever the level of water,
− from A and C (or B and D), one must see the other beacons perfectly.

8.4.3.3 Velocity measurement
The two chronometers method is the most convenient as it allows the knowledge of
the surface velocities and the distances of the different floats to the bank.
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This method requires two time-keepers: one upstream at the starting line and one
downstream at the finishing line to take different times :
- the floats crossing total times (measured by the two time-keepers)
- two intermediate times (one for each time-keeper) taken when the floats
cross the diagonal line between for example the upstream right bank
beacon and the downstream left bank beacon (or the other diagonal) see
figure 5.4. These partial times enable the calculation of the floats positions
to the bank.
- Carrying out of the measure (figure 8.4)
The two technicians posted in A and C will start their stop watch with the signal given
by A, when the float passes in position 2. The agent C will have one “1st signal” when
the float cuts fictitious line CB, that is to say position 3, and the “2nd signal” when the
float cuts the line CD, that is to say position 6. Agent A will have its “1st signal” when
the float cuts fictitious line AD, position 4, and the “2nd signal” with the signal given
by the agent C when the float is in position 6

Figure 8.4: Positions of operators
Measured times are related to cards held by each technician (figure 8.5); each float is
numbered, one uses a line of the table by float. If the observer placed in C cannot
locate one float it will indicate it to his/her colleague and only T0 time will be
mentioned. Each technician will mark opposite the number of the float “float lost” or
“FL” in summary.
At the end of measurement one has four times for each float:
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- ta for the course la
- tc for the course lc
-Ta and Tc for the course L.

Figure 8.5: Gauging with floats – Record sheet
It is noted immediately that Ta = Tc, with the errors of measurement near. Times ta
and tc will be used during the examination for the calculation of the distance from the
float to bank. Throughout all gauging, it is necessary to note the variations of the
water level. Limnimetric levels and cross-profiles former and posterior to the fllood,
will allow to know the law of variation in the time of the wetted cross section
- Method using only one chronometer
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Only the operator C takes measurements, A gives the moment of passage of the
floats on AB (position 2); there are time T to traverse the distance L and time tc to
traverse lc, what gives only one estimate of the distance from the float to bank.
8.4.4 Gauging by the method of the independent verticals
This method, very simple to implement, asking for only one simple spirit of rigour,
must be implemented as often as possible (not to say systematically) during
measurings of floods on the rivers with fast variations (Mediterranean standard for
example).
8.4.4.1 Procedure
-

Choice of verticals

This choice will be made a priori, before the rising, from the profile across the section
of measurement. The verticals will be located (V1, V2, .....Vn), painted on the parapet
of the bridge (if exists), or in the case of cable car station, perfectly positioned
compared to a fixed reference mark which will make it possible to put the meter of
the X-coordinates at zero the beginning of the crossing.
This reference mark could be for example the post supporting the carrying cable, but
in any case the limit of the water level on the bank, this one varying constantly with
the height.
The positions of the verticals will be clearly indicated on the cross profile of the
section, who must be imperatively showed in the cabin of the winch.
- Carrying out of the measure
The method is the same one as for a normal gauging, by taking the precaution of
systematically reading the water level on the staff gauge at the beginning and the end
of each measurement on a vertical, as well as the hour of beginning and end. One
proceeds then by successive crossings without interruption throughout all rising time.
8.4.4.2 Advantages of the method
A complete measurement by the traditional methods takes at least an hour … when
everything works well. On the rivers with fast risings, the variations of the water level
in one hour can reach several tens of cm.
While operating by independent verticals, the time of measurement on each vertical
is reduced to a few minutes, with a very weak variation of the limnimetric level. We
will see that the methods of examination used allow a very precise layout of the rating
curve.
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9

OFFICE WORKS

Currently, all the Hydrological Services are equipped with microcomputers on which
software is installed which allows in particular the automatic examination of the
gaugings points by points. These programs, moreover very simple (calculation of the
surfaces by the method of the trapezoids), are easily usable on programmable
computers.
We will thus point out simply the principle of the method of the calculation of the flow
for the gaugings point by point, then we will present more in detail the particular
cases than are the gaugings by integration, gaugings uninterrupted (vertical
independent), and gaugings with the floats.
9.1

Preparation of the gaugings sheets

On the basis of the principle which the notebook of gauging must be the strict
reflection of the measurements read on the ground, a certain number of corrections
can be necessary on the gauging sheets before launching the operation of
examination.
9.1.1 Corrections on depths
In the case of low velocity of flow, the correction will consist in adding to the depth
read on the meter of the winch the constant of sounding weight. In the case of strong
velocities of flow, one will have to correct the depths, in addition to constant, drift of
sounding weight according to the method presented at paragraph 8.3.2.
9.1.2 Correction on river width
If one carries out a gauging from a bridge nonperpendicular to the axis of the current,
or if the section defined by cable made, in spite of the precautions taken, a certain
angle with the direction of the current (case of large rivers), it is necessary to make a
correction by multiplying the width measured on the bridge or the cable by the cosine
of the angle formed by the axis of the bridge (or the cable) with the perpendicular to
the direction of the current.
This correction can intervene at the final stage of the examination. Real flow being
equal to the product of the flow obtained from the section defined on the ground by
the cosine of the angle.
9.1.3 Corrections on velocities
It can happen that on certain verticals (case of slow and diffuse flows), the direction
of the current is not perpendicular to the section. When one with the possibility of
appreciating this angle β , it is necessary to correct velocity by the cosine of this
angle.
This occurs only in the case of gaugings with the wading rod using a propeller not
self-component; in the case of gauging with sounding weight, this one placing itself
obligatorily in the axis of the flow it is not necessary to carry out this correction.
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9.2

Examination of gaugings point by point

The manual examination of the gaugings is done graphically either by the method of
the velocity parabolas (most current) or by the method of the isotaches.
The 1st method consists in making the first integration of localized velocities on the
vertical of measurement (velocity parabola), the result of this operation being
obtaining the values of the unit flows (m2s-1), then the second integration by
transfering these PU values against each position of the verticals on the cross
section.
The result obtained is the discharge run out in the section (m3s-1). For each gauging,
whether it is calculated manually or in an automatic way, one will set out to calculate
the following data:
−
−
−
−
−
−
−

Discharge
Wetted area
Wetted perimeter
Mean surface velocity
Mean velocity
Hydraulic radius
Ratio U/Vms

(Q m3s-1)
(SM m2)
(PM m2)
(Vms ms-1)
(U ms-1 = Q/SM)
(Rh m = SM/PM)

Figure 9.1 presents the diagram of graphical examination of a gauging.

Figure 9.1: Graphical examination of a gauging
One can also proceed by a method of integration arithmetic. In this case, the most
precise method is the method of the median section, in which the cross section is cut
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out in segments whose width is equal to the half-distance which separates a vertical
from its neighbors and the depth and the rate of flow are those of the vertical
considered.
This can be written:
Sj =

Dj + 1 − D j − 1
* Pj
2
qj = Sj * Vj

S = Σ Sj

Q = Σ qj

U = Q/S

With, for the vertical j: Dj = distance to bank ; Pj = depth ; Vj = mean velocity
9.3

Examination of gaugings by integration

Prepare the sheets of gauging, if necessary, as for the gauging point by point, then
proceed as follows:
− Draw the cross section on a suitable scale,
− Calculate the mean velocity on each vertical from the number of revolutions
per second and from the rating formula of the currentmeter,
− Calculate the unit flow on each vertical by multiplying the mean velocity by
the depth (possibly corrected),
− Transfer these values on a choosen scale on the graph of the cross section
and measure the area by palinimeter.
9.4

Examination of continuous gaugings or by independant verticals

Examination of a continuous gauging is at the beginning that of a gauging point by
point or by integration, according to the procedure on the field.
If one operates point by point, it can be interesting to group the parabolas of the
same vertical on a single graph with common origin to the bottom: this makes it
possible to detect the errors of measurement (velocities, depths), to follow the
deformations of the parabola, to reconstitute as well as possible by comparison,
incomplete verticals obtained during partial measurements.
The second phase of the examination consists in plotting the rating curves of each
independent vertical. One needs a sufficient number of points (5 at least), with the
weakest possible dispersion to allow a precise layout. This curve will be extrapolated
upwards and/or to the bottom only within weak limits (20 to 30% of the level
variations).
In the case of stable stations, the points must be placed correctly on the curve. If
there are points too distant, it is necessary to look for the cause of it: strong drift of
sounding weight badly corrected, currentmeter deteriorated or covered with sand (to
be frequently checked on the field)….
With the stations with moving bottom, this method should not be used, results being
far too innacurate.
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The last step is the integration of the unit flows. It is done as for a complete gauging:
− Draw on a graph, on a suitable scale, the cross section and positions of the
various verticals,
− Unit flows, for a gauge height H on a whole scale, are read on each
calibration curve of the various verticals and plotted on the graph above.
The points corresponding to the same height H are connected between
them,
− The area thus delimited represents the flow for the various heights H
chosen initially.
Figures 9.2 and 9.3 show the calibration curves obtained for certain verticals and the
reconstitution of the curves of discharge for various gauge heights.

Figure 9.2: Examples of velocity parabolas and calibration curves
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Figure 9.3: Examination of the gauging by independent verticals
Reconstitution of the dicharge curves for various gauge heights
9.5

Examination of the floats gaugings

9.5.1 Methodology
The flow Q of a river is equal to the product of the cross section (or wetted cross
section Sm) by the mean velocity of the flow in this section U:
Q m3s-1 = S m2 x U ms-1
Sm is calculated from the cross profiles carried out before and after the rising on at
least two sections, those materialized by the beacons AB and CD for example.
U is estimated from velocities of surface, using the ratio K = U/Vms calculated for the
complete gaugings which could be carried out at the station (Vms is the mean
velocity of surface). For a given station, the ratio K can evolve according to the water
level and to the flow.

9.5.2 Calculation mean surface velocity
In manual calculation one will use the method of graphic integration, as for the
gaugings point by point; previously, it is necessary to calculate for each float the
velocity and the position compared to base AB. These calculations make it possible
to plot the graph of figure 9.4 from which the mean velocity of surface will be
calculated.
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Figure 9.4: Distribution of points of measurements in the section
9.5.3 Float velocities calculation
We assumed that the lines AB and CD are perpendicular to the flow main way and
AC parallel to this main way. If it is not verify, it means that the lines AB and CD
made an angle α with the main flow way and a correction of the different float
positions by cos. α has to be done.

Figure 9.5: Calculation velocities and positions of the floats
On the figure above we have:
− AC = L covered during the times Ta and Tc measured by the observers
placed in A and C, with Ta ≅ Tc
− EF = lc corresponding to time tc
− EG = la corresponding to time ta
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− FF' = Xc (X-coordinate of the float determined using measurements of the
observer C)
− GG' = Xa (X-coordinate of the float determined using measurements of the
observer A)
If V is the presumedly constant velocity of the float between the two sections AB and
CD, we have:
Va = L / Ta

and

Vc = L / Tc

One should have, apart from measurement errors: Va = Vc
V=

Finally:

Va + Vc
2

9.5.4 Calculation of the positions of the floats
In the triangle ADC, we have:
GG' AG' la Va * ta
=
= =
DC
AC L Va * Ta
ta
GG' = Xa = * CD
Ta
In the triangle ABC, we have:
FF' F' C L − lc Vc( Tc − tc )
=
=
=
AC
L
AB
Vc * Tc
T c _ tc
FF' = Xc =
* AB
Tc
If the measures are right and the crossing of the floats parallel to the banks,
then: Xa ≅ Xc.
The distance of a float to the bank is:
Xa + Xc
2
In the case of oblique sections compared to the direction of the flow (angle α), the Xcoordinate of the floats will be multiplied by cos α .
X=

9.5.5 Discharge calculation
As the velocities and the positions of the floats are known, we can draw a graph with
the floats positions on the horizontal axis and the related velocities on the vertical
axis. This graph gives the mean surface velocity, as shown in figure 9.4.
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If we know the value of the ratio: « mean flow velocity / mean surface velocity » for
the stage at the time of measurement, the mean surface velocity calculated from the
floats can be corrected by this ratio value.
This corrected value of flow velocity has to be multiplied by the value of the wet area
at this water stage to obtain the discharge.

Figure 9.6: Variation of U/Vms ratio
Remark:
The gaugings with the floats should be made only when the use of the currentmeter
is impossible, or that the risks of damage are important.
Make carefully, these measurements allow a satisfactory estimate of the flow. They
ask for that a serious training of the teams and a good preliminary preparation of the
ground.
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CONCLUSION

We do not claim to have established a complete catalogue of the materials and
methods used in measurement of the flows. The methods which make it possible to
measure directly or indirectly part of the flow are numerous and we will not have
necessarily quoted all methods used successfully in such or such country.
We tried to make a choice in order to present the most recent materials of which the
use is likely to give the best results with a fast and easy implementation.
Being convinced that a “bad measurement is better than a good calculation” (Marcel
ROCK in HYDROLOGY of SURFACE), one never should hesitate to measure.
For the hydrometrist, in the absence of a currentmeter and of a boat, a watch is
sufficient to measure surface velocity of flow, by always abundant natural floats at the
time of the risings, and a level of topographer to take (after the rising) readings of
levels, sections and gradients. These elements are always of great importance at the
time to define the rating curves because they result from effective observations and
not from assumptions or hazardous estimates.
Lastly, to take again what professor Santon said: “More sophisticated is the
instrument and more are the causes of error than it can introduce, larger must be the
vigilance of the experimenter, acuter the critical sense with which it must detect the
failures of the apparatus…”
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