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Methods of Water-Flow Measurement Applicable'
to Simulium Control

G. HILL, D.R.T.C., A.M.I.C.E.1

For the effective control of the Simuliidae-and for a variety of other public health
activities-it is important to determine with reasonable accuracy the rate and volume of
flow of the rivers and streams which they infest. The field worker requires .for this purpose
an instrument that is at once cheap and easy to handle. The author of this paper reviews
a number of means and instruments available for water-flow measurement and devotes
special attention to the Pitot tube, which is well suited to the conditions encountered in
Simulium control schemes.

As a result of the increasing interest in Simulium
control measures, McMahon (1957) has described
methods of measuring the rate and volume of flow
in natural water-courses adopted by him in the
course of his eradication campaigns. Since those
likely to be engaged in the control of Simulium will
probably have little experience in the field of hydrau-
lics, this paper will enlarge on the methods advocated
by McMahon, and certain additional methods that
may be of interest and value will also be introduced.

Simulium vectors of onchocerciasis often breed in
rivers and streams with a shallow turbulent flow and
a steeply graded rocky bed. As these conditions
imply, observations will need to be extended to
water-courses traversing difficult mountainous ter-
rain, often deeply forested. McMahon recommends
that observations should be taken immediately
downstream of the section to be treated, minimizing
the risk of under-dosage. The use of this safety
factor, however, does not justify too approximate an
estimation of the rate of flow. What is required by
the field worker in charge is an instrument or
means that will be inexpensive and easily maintained
and transported, and will at the same time provide
an acceptable degree of accuracy.

NOTCH WEIRS

Where weir tables may be difficult to obtain the
observer may adopt a simplified formula, used in
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conjunction with a rectangular notch, to determine
the flow. This method of measuring the flow of water
is reliable but may require the construction of robust,
well-founded walls across the bed of the water-
course to be measured. Should the expense of this
construction be justified, all that is required by the
observer is a simple measurement of the head of
water above the sill level of the notch. Given
suitable stream-bed conditions, a timber barrier may
be placed across the stream, and a pre-formed or
in situ notch used to estimate the quantity of
flow.
The increasing velocity of the water as it app-

roaches the sill sets up an effect generally known
as " draw-down ". This " draw-down " head im-
mediately over the sill is not the head that is used in
the various notch formulae. Weir tables incorporate
a correction for this factor and, should these be
unobtainable, it is important not to confuse the
sill head with the head used in the simplified formula
given below. The head used in this formula must
be measured beyond the range of the " draw-down "
effect. If extreme accuracy is required, a robust
framework is necessary and an instrument known as
a hook gauge employed as a measuring device.
Otherwise, for field observation, a stout wooden post
mnay be erected in the stream a few feet upstream of
the weir, the top of the post being level with the
bottom level of the notch; the head or H value
inserted in the formulae is the height of the water
above the top of the post. A suitable formula for
this method would be the one deduced by Francis for
a rectangular notch:
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Q = 3.33 (L-O.lnH) 'I2
where Q = rate of flow in cusecs,'

L = width of the notch in feet,
H = upstream head above the crest in feet,
n = 2 for this type of weir,

thus giving a final equation of:
Q = 3.33 (L-0.2 H)3/2

CURRENT METERS

These expensive instruments in the hands of
skilled observers give an accuracy of ± 3 % in es-
timating the velocity of water (Kempe's Engineer's
Year Book for 1954). To attain this accuracy
it is necessary to calibrate the current meter
after initial assembly. If, however, the meter is
being used in the rough field conditions encount-
ered during Simulium control operations, recalibra-
tion may be necessary at frequent intervals. Calibra-
tion is best done by towing a small boat a number of
times, at varying velocities, through still water, and
obtaining the meter correction factor by comparing
its count or record with the observed velocity of the
boat. In small turbulent streams a current meter may
give rather misleading results, unless a smoothly
flowing, evenly graded section of sufficient depth is
found or established. For larger rivers, where the
flow is not too sluggish, the various types of current
meters in present use can give reliable flow estimates.

SURFACE FLOATS

The use of surface floats to measure the velocity of
swiftly flowing water is suspect, because surface
eddies influence the timed path of the float. For
larger rivers, using surface double floats, a truer
picture of the surface velocity may be obtained.
Gordon, quoted in Lea (1942), obtained accurate
results of surface velocities on the Irrawaddy. He
used a double float; the upper float being of wood
and carrying a small flag, the lower consisting of a
cylinder filled with clay and attached to the upper
float so that it hung 31/2 feet (106 cm) below the
surface. For velocities in excess of seven or eight
feet per second, errors of up to 10% may occur.

ROD FLOATS

Subject to the conditions detailed by McMahon-
namely, reasonably straight banks and a bed free

1 One cusec is one cubic foot of water passing a given
point in a second; it contains 6.2 gallons (28 litres) and
weighs 62 pounds (28 kg).

from obstructions-rod floats may be used to
obtain the mean velocity on any vertical. The rod
consists of a long, preferably cylindrical, piece of
wood with a hollow at one end to carry lead ballast.
The rod must be of such a length that, when adjusted
with ballast, the lower end is a short height above the
bed of the river and the upper end visible above the
water level. The velocity of the rod over the timed
stretch of the river is approximately the mean
velocity in the vertical plane in which it floats. The
mean velocity may be calculated from the empirical
formula devised by Lowell:

V. =v 1.012-0.116(f
H

where Vm = the mean velocity,
v = the timed velocity in feet per second,
h = the height of the foot of the rod above the

stream bed,
H = the depth of the stream in feet.

This method is also best suited to larger rivers.
With small flows the rod would tend to wander, and
the velocity along a particular vertical become
difficult to obtain. The most accurate results are
obtained when the positions of the float are checked
by theodolite.

SALT VELOCITY METHOD

This method makes use of the fact that salt in
solution increases the electrical conductivity of
water. Brine is introduced under controlled con-
ditions at a suitable point. The passage at timed
intervals of the water past one or more sets of
electrodes that record graphically the changes in the
electrical currents provides means for estimating the
flow. There is little to recommend in this method for
typical Simulium field work, the apparatus being
heavy and awkward and requiring very experienced
observers.

PERRODIL 'S HYDRADYNAMOMETER

This measuring device takes advantage of the
torsion set up in a fine wire by water current im-
pinging on a disc. The instrument is extremely
sensitive, and of considerable value when dealing
with very sluggish flows.

PITOT TUBE

This is the most suitable method for use in the
conditions met with in Simulium control schemes.
A tube bent near one end to a right-angle may be
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used to measure the velocity at a point in flowing
water. If such a tube, of any cross-section, be
partly immersed in flowing water, the immersed part
being bent into the direction of flow, the water will
rise in the portion of the tube that protrudes above
the water surface. If a measurement of the height of
the column of water is made above the surface, the
velocity of the water is easily calculated. Owing to
the fact that the energy available in flowing water
varies as the square of the velocity, this instrument
becomes increasingly reliable as the velocity be-
comes greater. The water velocity be expressed
in the following form:

H = K. V2/2g
where H = the height of the column above the water

surface in feet,
V = the velocity of the water at the immersed

opening in feet per second,
g = the acceleration due to gravity (32.2 feet

per second per second),
K = the coefficient for the apparatus.

Since the mid-nineteenth century, when a device
based on this principle was first used by Darcy as a
precision instrument, considerable use has been
made of it in experimental work, and Lewis (1958)
has mentioned its possible applicability in connexion
with Simulium control. For the simplest type of
apparatus, such as is shown in Fig. 1, the coeffi-
cientK has been found to be unity irrespective of the
shape of the immersed opening, or the material, used.
Thus there is no necessity to calibrate the tube,
provided it is constructed as in Fig. 1.
When the Pitot tube is in use, the immersed por-

tion must point directly into the current, and the
portion above the water surface must be held in the
vertical position. In practice the column of water
will fluctuate in the tube. By placing a finger so as
partially to seal the upper aperture, the fluctuation
may be damped. If the upper aperture is completely
sealed when the column is registering the mean
height, and the external water surface is marked, say
by an elastic band, the tube may be then withdrawn
from the flow, and the height of the column above the
elastic band checked against the velocity scale. The
velocity scale is shown in Fig. 2; it should be re-
produced and pasted on a suitable piece of wood, so
that it can conveniently be used for interpreting the
height of the column of water in the Pitot tube.
Example. Assume that in one case the water column

in the Pitot tube rises to a height of 4.1 inches. A
distance of 4.1 inches checked against the velocity
scale gives a velocity reading of 4.7 feet per second.

FIG. 1
PITOT TUBE
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As may be gathered from the preceding descrip-
tion, errors are very easily introduced and the mean
of several readings must be taken. By means of a
more complicated apparatus, but using the same
principles, more accurate readings may be taken;
reference to any standard book on hydraulics will
provide details of their structure.

In methods involving the selection and clearance
of a suitable stretch of water, this device may be
used to determine the average velocity across a
section, or to obtain the maximum velocity. Using
the Pitot tube it is possible to record velocities
accurately where the stream bed is clean and narrow
and, by measuring the cross-sectional area of the
stream and estimating the velocity at a suitable
spacing, to obtain a reasonably accurate estimate of
the flow. Another possible approach is to confine the
flow deliberately, by using stone and mud to seal
other paths, and to determine the mean or maximum
velocity through the selected channel.

Application trials
Using a glass tube similar to the one shown in the

sketch, the velocity of flow was measured in a metal
channel. The comparatively smooth flow and
shallow depth in the metal channel permitted the use
also of small floats in estimating the velocity of flow.
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FIG. 2
FOR USE IN CONJUNCTION WITH
PITOT TUBE
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The velocity varied from 3 to 6 feet per second (1 to 2
metres per second), and the results from both methods
of estimation agreed to within 3 %.
A field experiment was carried out to check the

use of the Pitot tube against the result obtained by
calculation of the flow over a rectangular notch
weir (Fig. 3). The Q value of the experimental weir
from the Francis formula for rectangular weirs,
where Q = 3.33 (L -0.1 n H)31/, was 2.80 cusecs.
The cross-sectional area of the flow above the

weir was divided into three parts. Three velocity
readings were taken in each part, each reading being
taken at equally divided intervals of height, and at the
centre of the respective third. The flow in each third
was calculated by multiplying the mean velocity by
the cross-sectional area. The combined flow,
calculated from the sum of each section, agreed
almost exactly with the calculated flow obtained
from the Francis formula. This finding, which is in
accordance with past experiments, indicates that a K
value of 1 in the formula will give a sufficiently
accurate velocity reading for all practical purposes.
The equipment consisted of a metre stick, a short
wooden plank, a builder's spirit level, the Pitot tube
and its velocity scale.
A final experiment was carried out on a typical

Simulium habitat, a turbulent, cascading mountain
stream. The equipment was as before. Within two
hundred yards of the rectangular notch weir des-
cribed before, the flow of the stream was confined to
a single rock cleft (Fig. 4). At a suitable point above
the cleft, the plank was solidly bedded with earth in a
level position. This plank was used as a base line
from which all measurements were taken. The
cross-section of the cleft and the depth of flow
were determined by measuring down from the plank,
using the metre stick. It was decided to observe the
velocities on three verticals, one in the centre and
two at one-third of the surface width from the centre.
These spacings were marked on the plank, and once
again distances were measured down. Three
readings were taken on each vertical, one just under
the surface, one just above the rock bed, and one
half way between.
The cross-section was plotted on graph paper, and

the area of each third section estimated by counting
the number of squares enclosed. The mean of the
velocities was calculated for each vertical, and the
rate of flow for each third section obtained by
multiplying the mean velocity by the estimated
area. The total rate of flow was found by combining
the rates of flow for each third section.

VELOCITY SCALE
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FIG. 3
RECTANGULAR NOTCH WEIR
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A t the same time as the precedingexperiment, observ-
ations were made at the upstream notch. The estim-
ated rate of flow through the rock cleft was 2.9 cusecs,
a figure which agreed to within 5% of the rate of flow
observed through the rectangular notch upstream.
As a matter of convenience, the top of the plank

may serve as a base line from which measurements
may be taken. The height of the base line above the
water surface is known; the distance from the base
line to the top of the water column in the Pitot tube
is easily measured. By subtracting the second from
the first the height of the column above the water
surface may be found.

FIG. 4
CROSS-SECTION THROUGH ROCK CLEFT
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RtSUMt

Dans la lutte contre les simulides, il est fort utile de
pouvoir evaluer avec une certaine exactitude le debit des
cours d'eau qu'ils infestent. Pour cela, il faut un dispositif
a la fois bon marche et maniable. L'auteur de cet article
decrit divers moyens d'evaluation: deversoirs, mesureurs

de courant, flotteurs, methode de la solution saline,
hydrodynamometre de Perrodil et tube de Pitot. C'est
sur cette derniere methode que l'auteur s'etend le plus
longuement car elle est, a son avis, celle qui convient le
mieux pour les programmes de lutte contre Simulium.
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