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Introduction

Sediment has been defined generally as solid particles which are moved,
or might be moved, by flow in a channel. It creates numerous problems
for the engineer, the agriculturist and the forester along the length of the
channel. It raises the stream bed, which increases the highwater level and
the risk of flood; it piles up in large quantities behind dams, thereby re-
ducing their capacities and hindering their functions; it causes rivers to
meander and often to leave their original courses and flow along a new
course, devastating vast areas of land; it silts up irrigation and navigation
channels, making them less efficient. The forester is confronted with soil
erosion and has to devise measures for effective soil conservation.

Erosion is caused by water, wind, ice and human activities such as culti-
vationpete)Clods and aggregates ofisailiin the catchment area are broken
down-into "small ‘particles which are thrown into suspension and carried
away as-sediment. Not, all the: eroded material enters the stream channel.
The total amount “of eroded material which travels from a source to a
downstream measuring point is termed the sediment transport.

Therefore,. for. thorough,-understanding of ;@ particular problem, compre-
hensive knowledge, of, sediment movement and the methods of determi-
nation of sediment load is absolutely essential.

iii
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Measurement of liquid flow in open channels —
Methods for measurement of suspended sediment

1 Scope

This International Standard specifies methods for de-
tailed measurement of sediment concentration and
also methods for routine sampling. Because sediment
load is highly variable with stage and is also highly
variable at the same stage in different floods, and
because the bulk of sediment is carried in flood peri-
ods, accurate computation of, total sediment,flow in
a period entails routine sampling at normal flows
combined with frequent routine sampling on,rise,
peak and fall in floods.

Details regarding the instruments used in the deter-
mination of suspended sediment load are.covered in
ISO 3716.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 748:—", Measurement of liquid flow in open
channels — Velocity-area methods.

ISO 772:1988, Liquid flow measurement in open
channels — Vocabulary and symbols.

ISO 3716:1977, Liquid flow measurement in open

channels — Functional requirements and character-
istics of suspended sediment load samplers.

1) To be published. (Revision of ISO 748:1979)

3 Definitions

For the purposes of this International Standard, the
definitions given in ISO 772 and the following defi-
nitions apply.

3.1 sediment transport: Movement of solids trans-
ported in any way by a flowing liquid. From the aspect
of transport, the sum of the suspended load trans-
ported.and ‘bed load/transported. From the aspect of
origin, the . sum of the bed material load and the wash
load.

3.2 total load: From the aspect of transport of
sediment, the total load comprises bed load and sus-
pended load, the latter including wash load. From the
aspect of origin of the sediment, the total load com-
prises the bed material load (including the suspended
portion) and the wash load (see figure 1).

3.3 bed material: Material, the particles of which
are found in appreciable quantities in that part of the
bed affected by transport.

3.4 bed material load: Part of the total sediment
transport which consists of the bed material and
whose rate of movement is governed by the trans-
porting capacity of the channel.

3.5 suspended load: That part of the total sediment
transported which is maintained in suspension by
turbulence in the flowing water for considerable peri-
ods of time without contact with the stream bed. It
moves with practically the same velocity as that of the
flowing water. It is generally expressed in mass or
volume per unit of time.

3.6 bed load: Sediment in almost continuous con-
tact with the bed, carried forward by rolling, sliding
or hopping.

3.7 wash load: That part of the suspended load
which is composed of particle sizes smaller than
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those found in appreciable quantities in the bed ma-
terial.

It is in near permanent suspension and, therefore, is
transported through the stream without deposition.
The discharge of the wash load through a reach de-
pends only on the rate with which these particles be-
come available in the catchment and not on the
transport capacity of flow. It is generally expressed in
mass or volume per unit of time.

3.8 sediment concentration: Ratio of the mass or
volume of dry sediment in a water—sediment mixture
to the total mass or volume of the suspension.

4 Units of measurement

The units of measurement used in this International
Standard are Sl units. The concentration of suspended
sediment is preferably expressed in parts per million
(by mass or volume). For convenience, it is some-
times expressed in grams or milligrams per litre.

5 General

To help understand sediment transport @nd-related
terms, the flow of water over an‘artificially flattened
bed of sediment may be considered. No movement
of bed material is observed at very low velocities; with
increasing velocity some particles begin to move by
sliding, rolling or hopping along the bed (bed load); at
still higher velocities particles;of the, bed are.thrown
into suspension by turbulence (suspended load), The
suspended load also includes finer particles in near

Wash Lload in suspension

Total load __}
(origin)

Bed material (00 Q sm———

— |N suspension

b——— Along the bed

permanent suspension brought in from the catchment
(wash load).

Bed load and suspended load may occur simul-
taneously, but the borderline between them is not
well defined. From the aspect of sediment transport,
the total load comprises bed load and suspended load,
the latter including wash load. From the aspect of
sediment origin, the total load comprises the bed
material load (including the suspended portion) and
the wash load.

6 Measurement of suspended sediment
load

6.1 Principles of measurement

There are two methods of measuring suspended
sediment load, namely:

a) the indirect method, in which the time-averaged
concentration of the sediment and the time-
averaged current velocity at a point are measured
almost simultaneously, with the aid of separate
devices, and multiplied to obtain the sediment
load;) on in-which-the: discharge-weighted average
concentration of the sediment in the cross-section
of the stream, collected by depth integration, is
multiplied by the discharge of the stream to obtain
the sediment discharge;

b) . the.direct, method, inswhich, with the aid of a sin-
gle,  device, the time-averaged suspended
sediment load at a point is measured directly.

Suspended load

Total load
(transport)

Bed load

Figure 1 — Diagram of definitions



6.1.1 Indirect method of measurement

The time-averaged concentration of suspended
sediment (¢;) and the time-averaged current velocity
(7;) are measured almost simultaneously at a large
number of points (m) in the sampling area of a cross-
section. Each concentration and velocity is represen-
tative over a small area (Aq) of a sampling
cross-section. The sum of all the areas Ag; is the
sampling area (A).

The suspended sediment load (Q,) is determined us-
ing the formula

m

0, = ) & Ag, ()

i=0

The right-hand side of the above equation shall be
multiplied by C when Qq is expressed as mass per unit
of time, where C is a coefficient having the dimension
of mass of sediment per unit volume of flow.

The discharge-weighted concentration of suspended
sediment is collected with a depth-integrating sampler
at verticals in the cross-section of the stream (see
6.4.3.2). The average concentration determined from
these samples is multiplied by the stream discharge
to determine the suspended-sediment-discharge.

NOTE 1 Since a suspended-sediment sampler ‘cannot
take samples near the channel bed where concentration is
quite high, the suspended sediment load is determined.for,
and applicable only to, the “sampled zone" of the channel.

6.1.2 Direct method measurement

The water—sediment mixture flows through a sam-
pler in such a way that the mixture enters the nozzle
of the sampler with almost the same velocity as that
of the undisturbed flow. Because of the decrease in
velocity, the sediment material settles in the settling
chambers of the instrument.

At the measuring point, the time-averaged suspended
sediment load per unit area g is determined directly
from the relation:

!

Esiz—l—jvqsi dt ... (2
0
where

v is a dimensionless coefficient, which may

vary with grain size, current velocity and
the type of nozzle (see note 5 under
6.5.3.1);

t is the measuring time.
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The value (gg) is representative of an area (Aa).
Therefore, the suspended load transport through the
sampling area (A) can be determined by using the
formula:

m
0, = qu,. Aa, e
i=0
NOTE 2 Since a suspended-sediment sampler cannot

take samples near the channel bed where concentration is
quite high, the suspended sediment load is determined for,
and applicable only to, the “sampled zone” of the channel.

6.2 Site selection

Since the requirements for the selection of a site for
measurement of suspended load are usually similar
to those for discharge measurement, the site should
normally be selected in accordance with ISO 748.

6.3 Requirements for measuring
concentration of suspended sediment

The concentration of suspended sediment not only
changes,from point to point in a cross-section, but
also fldctuates from moment to moment at a fixed
point. The kind of sampler and the technique of sam-
pling used will depend on a large number of factors.
Thevaverage suspended-ssediment concentration at a
verticaliin a cross-section can be determined either
by averaging over the depth, at each of a number of
points on the vertical, or by using a depth-integrating
sampler which automatically takes a sample in which
the concentration of suspended sediment is the av-
erage concentration on the vertical (see 6.4.3).

The suspended-sediment concentration in a flowing
stream, as well as the sediment particle size, gener-
ally increases from top to bottom and also varies
across the section. The variation depends upon the
size and shape of the cross-section, the stage of flow
and other channel characteristics. Hence, a prelimi-
nary investigation shall be made to select the sam-
pling points on a vertical and also the number and
location of the sampling verticals, taking into con-
sideration the accuracy desired and the resources
available.

A comparative summary of the sampling methods and
their reliability is given in table 1, and the methods are
described in 6.4.3.

For the determination of both the magnitude and the
location of the point of mean concentration of
sediment, sediment concentration shall be deter-
mined at several points on a vertical.
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6.4 Procedure for the computation of
sediment load from measurements obtained
by the indirect method

6.4.1 General

The procedure for indirectly computing sediment dis-
charge from samples collected by depth integration is
given in 6.1.1.

The procedure for obtaining the mean sediment dis-
charge per unit width is as follows.

6.4.1.1 Draw the velocity distribution and sediment
concentration curves as in figure2a) and 2b). The
curves shall be extended to the sampled zone.

6.4.1.2 Determine the product of mean concen-
tration (¢;) and mean velocity (v;) at corresponding
points and plot the curve of the rate of sediment dis-
charge as in figure 2 c).

6.4.1.3 The suspended sediment load per unit width
can be obtained numerically by a rule such as the
trapezoidal rule, or after having drawn a curve as in
figure 2 c) by measuring the area under the curve with
a planimeter.

/
/

NOTES

3 Since both concentration and velocity fluctuate with re-
spect to time in turbulent flow, from ¢ =¢+c¢; and
v; =v;+v'; it follows that (cv); = (cv); + (¢'v');. The indirect
method, therefore, assumes implicitly that the time-
averaged sediment transport, (cv);, is equal to (cv),.

4 The procedure outlined from 6.4.1.1 to 6.4.1.3 is more
laborious in many cases than would be justified for routine
sediment load measurement. Therefore, it is sometimes
assumed that the suspended load transport through a ver-
tical is equal to the product of the time-averaged mean flow
velocity (v,,) and the mean concentration (c,,,) in the vertical.
The fine sediment (below 0,075 mm sieve diameter) is
generally found to be sufficiently uniformly distributed
throughout the vertical so that a single sample taken at any
depth is adequate for determining the mean concentration.

6.4.2 Selection of verticals

For determination of the suspended sediment trans-
port in a stream, the section should be divided into
as large a number of equally spaced segments as is
practicable to observeiin/one period.

(cv);

e S

Lower Llimit of sampled
zone

a) Velocity distribution

b} Sediment concentration

¢) Sediment discharge

distribution

distribution

Figure 2 — Sediment discharge computation curve



During a flood, when the stage and sediment trans-
port are changing rapidly, the observation period is
governed by the shapes of the discharge and the
sediment concentration hydrographs. Therefore, the
observation period shall be adjusted to define the
suspended load concentration and the discharge
hydrographs. In order to do this, it may be necessary
to reduce the number of verticals measured during
each observation period.

6.4.3 Methods of routine sampling

6.4.3.1 Selected points method

In this method, the sampler shall be immersed at
selected points which have a proportional relation to
the mean sediment concentration in the vertical as
determined by the preliminary experiments in 6.4.1.

The time-averaged suspended sediment load through
the vertical, g;, is determined from the formula:

n J—
— 1 GV
9s =5 Z o 4
i=1
where

is the time-averaged sediment concen-
tration;

Kal

is the time-averaged velocity at the sam-
pling point;

=

is the ratio ¢;v;/gs;
n is the number of sampling points on the
vertical.

The values of n and «; are determined from preliminary
measurements carried out during various stages. In-
formation about various selected point methods in
use, together with their limitations, is given in
table 1.

6.4.3.2 Depth-integration method

This method of sampling is based on the premise that
the sampler, designed specifically for the purpose, fills
at a rate proportional to the velocity of the approach-
ing flow. By traversing the depth of the stream at a
uniform speed, the sampler will receive at every point
on the vertical a sample of the water—sediment mix-
ture at a rate which will be proportional to the instan-
taneous velocity. The sampler shall be lowered to the
bottom of the stream at a uniform rate and shall be
raised again, without pausing, to the surface at a uni-
form rate, but not necessarily at the same rate. Sam-
pling may occur continuously during both periods of
transit, or the sampler may be designed to sample at
a uniform rate in one direction only.

Two different depth-integration methods are com-
monly used to obtain a mean discharge-weighted
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concentration for a cross-section. Both methods
weight the concentration with discharge laterally as
well as vertically. They are the equal-discharge in-
crement (EDI) method and the equal-width increment
(EWI) method.

6.4.3.2.1 EDI method

In the EDI method, the cross-sectional area is divided
laterally into a series of subsections, each of which
has the same water discharge. Depth integration is
then carried out on each of the verticals dividing each
subsection discharge in half. In each individual sub-
section, a vertical transit rate is used that will provide
a sample volume for the vertical that is equal to the
sample volumes for every other vertical. The pro-
cedures provide a group of subsamples that are the
same size and that represent the same proportion of
the total water discharge through the sampled zone.
Such subsamples can be combined to provide a single
composite sample. Alternatively, if subsample vol-
umes are different, the concentrations of all sub-
samples can be averaged to give the sample
concentration.  Generally, an accurate mean
discharge-weighted concentration will be obtained if
more than-five verticals (subsections) are sampled.

6.4.3.2,2) |[EWI method

In the EWI method, depth integration is carried out
on a series of verticals in the cross-section that are
equally‘spaced across ‘the transection to obtain a se-
ries of subsamples. Unlike the EDI method, the verti-
cal transit rate used at each vertical is exactly the
same as that used at every other vertical, and the
subsamples are composited even though they are of
different volumes. Because the transection sample is
a composite, subsamples from more than one vertical
can be collected in a single sample container. Gener-
ally, 10 to 20 verticals will provide an accurate mean
discharge-weighted concentration.

6.5 Procedure for the computation of
sediment load from measurements obtained
by the direct method

6.5.1 General

The procedure for obtaining the mean suspended
sediment load per unit width on a vertical is as fol-
lows.

The suspended sediment load per unit area is meas-
ured at a number of points on the vertical. The sus-
pended load transported per unit width can be
obtained numerically, by a rule such as the trapezoidal
rule, or, after having drawn a curve as in figure 2c),
by measuring the area under the curve with a
planimeter.
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