1SO 4363-1977 (E)

INTERNATIONAL STANDARD

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION -MEXOYHAPOIHAS OPFAHHM3ALIUA IO CTAHZAPTU3ALIMH -ORGANISATION INTERNATIONALE DE NORMALISATION

Liquid flow measurement in open channels — Methads for
measurement of suspended sediment

Mesure de débit des liquides dans les canaux découverts — Médthodes de mesurage des sédiments
en sugZension

Firstledition — 1977-12-15

UDC 532.582.7 : 5632.543 : 627.8.034.7 Ref. No. 1SO 4363-1977 (E)

Descriptors : flow measurement, liquid flow, open channel flow, tests, quantitative analysis, measurement, sediments, suspended matter.

Price based on 6 pages


https://standardsiso.com/api/?name=e7d952e540484c9abb10e852af373d41

FOREWOR

_ISO (the Intgrnational Organization for Standardization) is a worldwide federation
of national ptandards institutes (ISO member bodies). The work of deveioping
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Sub-clayse 5.1.2. Replace equation (2} by the following :
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INTERNATIONAL STANDARD

1SO 4363-1977 (E)

Liguid flow measurement in open channels — Methods for

measurement of suspended sediment

0 |NTRODUCTION

Sediment has been defined generally as solid particleswhich
are |[moved or might have been moved by flow inachannel.
it greates numerous problems for the engineer/ the agricul-
turist and the forester all along the channelJlt raises the
strdam bed which increases the flood heightsiand inundation;
it plites up in large quantities behind dams, thereby reducing
thefr capacities and hindering th@ir\ functions; it causes
rivdrs 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
lesd efficient. The forester is confronted with the soil
erobion and has to devise measures for effective soil conser-
vat{on. .

Erdsion is caused by water, wind, ice and human activities
such as cultivation, etc. Clods and aggregates of soil in the
catChmerityarea are broken down into small particles which
are| thrown into suspension and carried away as sediment.
Not_all the eroded materials get into the stream channel.

variable with stage and is also highly variable at the same
stage in different floods, and because| the bulk of sediment
is carried in floods, accurate computaLion of total sediment
flow in a period entails routine sampling at normal flows
combined with frequent routine sampling on rise, fall and
peak in floods.

Details regarding the instruments used in the determination
of suspended sediment load are covered in 1SO 3716.

2 REFERENCES

ISO 748, Liguid flow measurement|in open channels —
Velocity-area methods.

1SO 772, Liguid flow messurement| in open channels —
Vocabulary and symbols.

I1SO 3716, Liquid flow measurement in open channels —
Functional requirements and characteristics of suspended

The total amount of eroded material which travels from
source to a downstream measuring point is termed the
sediment transport.

Therefore, for a thorough understanding of the individual
problems, a comprehensive knowledge of sediment move-
ment and the methods of determination of sediment load
is absolutety essential.

1 SCOPE AND FIELD OF APPLICATION

This International Standard gives methods for detailed
measurement of sediment concentration and also methods
for routine sampling. Because sediment foad is highly

,
Sediment foad sampiers:

3 TERMINOLOGY

3.1 For a proper comprehension of sediment movement
and related terms, the flow of water over an artificially
fiattened bed of sediment may be considered. From no
movement of bed material at very low velocities, some
particles begin to move with the increase of velocity by
sliding, rolling or hopping along the bed (“bed load”); at
still higher vefocities particles of bed are thrown into sus-
pension by turbulence {'‘suspended load”). The suspended
load also includes finer particles in near permanent sus-
pension brought in from the catchment {'‘wash load").
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“Bed load” and ‘“suspended load’” may occur simulta-
neously, but the borderline between them is not well
defined. From the point of transport of sediment the
“total load’’ comprises bed load and suspended load, the
latter including ““wash load’’. From the point of origin of
the sediment, the “total load’’ comprise the “bed material
load” (including the suspended portion) and the ’‘wash
loads"’.

3.2 For the purpose of this International Standard, the
following definitions shall apply, in addition to those given
in 1SQ 772.

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

3.26 bed load: The sediment in almost continuous
contact with the bed, carried forward by rolling, stiding or

hopping.

weash—loat——Thatpart-of-the-suspendedjioad which is

29 7

3.2.1 sediment transport : The movement of solids trans-
ported in apy way by a flowing liquid. From the point of
transport, the sum of the suspended load transported and
bed load trdnsported. From the point of origin the sum of
the bed matprial load and the wash load.

3.2.2 totallload : From the point of transport of sediment,
the “total fload” comprises "bed load” and “suspended
load”, the latter including “wash load’’. From the point of
origin of the sediment, the ‘total load’’ comprises the “bed
material load” (including the suspended portion) and the

composed of particle sizes smaller than”thpse found in
appreciable quantities in the bed material. |It is in near
permanent suspension and, therefore,,is\transported through

the stream without deposition. The dischargs
load through a reach depends only“on the ra
these particles become available in the catch
on the transport capacity. of flow. [t is genera
in mass or volume per ugit.of time.

3.2.8 sediment concentration : The ratio of]

of the wash

ent and not
Hy expressed

the mass or

volume of the dry ‘sediment in a water-sedimept mixture to

the total massr volume of the suspension.

with which

“‘wash load’

(see figure 1).

3.2.3 bed material : The material, the particle sizes of
which are fpund in appreciable quantities in that part of
the bed affe¢ted by transport.

324 bed

/

aterial load : The part of the total sediment

transport which consists of the bed material and whosé

of the channjel.

4 UNITS OF MEASUREMENT

The units of measurement used in this Interrational Stan-
dard are metres, kilograms and seconds. The goncentration
of suspended sediment is preferably expressed in parts per

rate of movgment is governed by the transporting capacity million (by mass or volume). For convenienc, it is some-
times expressed in grams or milligrams per litre
e e [ L R 0 o] Ru—— - 7Y, [ P, V.Y, J—
s B0 MAtErial 080 mwm—————
Total load
(transport) .

Total load ‘
{origin) . ..

L—- iN SUSPENSION ey

———-——__. Wash load in FIVET o1 L1 1o o PPn——

fmmeme SUSPENAE 1080 wemressmamed

FIGURE 1 — Definition sketch
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5 MEASUREMENT OF SUSPENDED SEDIMENT LOAD

5.1 Principles of measurement
There are two methods, hamely :

a) INDIRECT METHOD, in which the time-averaged
concentration of the sediment and the time-averaged
current velocity at a point are measured practically
simultaneously with ‘the aid of separate devices and
multiplied to obtain the sediment foad.

b) DIRECT METHOD, in which with the aid of one

ISO 4363-1977 (E)

the suspended load transport through the sampling area (A)
can be determined by using the formula :

m
:ZasiAa’. ... (3}
) .

NOTE - Since a suspended sediment sampler cannot take samples
near the bed of the channel where concentration is quite high,
the suspended sediment load is determined for, and applicable only

to, the sampied zone of the channel.

5.2 Selection of site

device the time-averaged suspended sediment load at a
point is measured directly.

5.1.1 Indirect method of measurement

(c}) and the time-averaged current velocity {v;) are measured
priactically simultaneously at a large number of points (m)
in[ the sampling area of a cross-section. Each concentration
and velocity is representative over a small area (A a;) of a
sampling cross-section. The sum of all the areas (A a;) is the
sampling area (A).

Tie time-averaged concentration of suspended sediment

The suspended sediment load (Q,} is determined by using
the formula

3

m
ZEV )
0

Tll\e right-hand side of the above equation shouldsbe multi-
ed by C when Q, is expressed as mass per unit of time,
where C is a coefficient having the dimension of mass of
sefiment per unit volume of flow.

NQTE —~ As a suspended sediment sampler cannot take samples
ndar the bed of the channel where the concentration is quite high,
thp suspended sediment load is~determined for, and applicable
orly to, the '‘sampled zone” of the.channel.

1.2 Direct method of measurement

e water-sedimefit mixture flows through a sampler in
h a way that the mixture enters the nozzle of the
pler with~almost the same velocity as the undisturbed

sediment load per unit area Gy
from the relationship :

- 1,¢ ‘
quz?jqusidt ... (2)

where

v is a dimensionless coéfﬁcient,
with grain size, current velocity and the type of nozzie —
see note under 5.5.3.1;

¢ is the measuring time.

The value (q;) is representative of an area (A a;). Therefore,

which' may vary:

Since the requirements for the selection of site for measure-

ment of suspended load are usually

similar to the ones for

measurement of discharges, \the site should normally be

selected in accordance with)ISO 748

5.3 Requirements for measurement of concentration  of

suspended sediment

The concentration of suspended sed

ment not only changes

from point-to point in a cross-secjion but also fluctuates

from, moment to moment at a fi
samipler and the technique of sam
on_a large number of factors. The

ment concentration at a vertical in
determined either by averaging over,

number of points in the vertical, or
depth sampler which automatically

the concentration of suspended- s{

ed point. The kind of
bling used will depend
bverage suspended sedi-
a cross-section can. be
the depth, at each of a
by using an integrating
takes a sample in which
diment is the average

congentration in the vertical (see 5.4.3).

The suspended sediment concent;
particle size of sediment, in a flg
increases from top to bottom an
versely across the section. The varis

size and shape of the cross-section
other channel characteristics. Henc
gation must be made to select th
vertical and also the number and-iq

ration, as well as the
wing stream generally
d it also varies. trans-
tion depends upon the
the stage of flow and
e, a preliminary investi-
b sampling points on a
pcation of the sampling

verticals, taking into consideratiop the accuracy desired

and the resources available.

A comparative summary of the sam
reliability is given in the table and th
in 5.4.3.

For the determination of both {
{ocation of the point of mean con

pling methods and their
b methods are described

he magnitude and- the
centration of sediment,

points in a vertical.’

determined at several

5.4 Procedure for computation of sediment load from
measurements obtained by the indirect method

5.4.1 Genera/

The procedure for obtaining the mean sedlment discharge

per unit width is as follows :

5.4.1.1 Draw the velocity distr

concentration curves as in figures 2

ibution and sediment
a) and 2 b). The curves

shall be drawn up to the sampled zone.
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5.4.1.2 Determine the product of concentration (Ei) and
velocity. at corresponding points (v;) and plot the rate of
sediment discharge curve as in figure 2 ¢).

5.4.1.3 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¢) by
measuring the area under the curve with a planimeter.

NOTES

1 Since both_concentration_and velocn fluctuate w:th respect to
time in turbulent flow, from ; = c; + c andv; =v; + v it follows
that (V); = (F7); + (cv) The mdlrect method therefore assumes
lmphcltly th the trme-averaged sediment transport, {cv);, is equal

hydrographs. Therefore, the observational period must 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 ohservational period.

-5.4.3 Methods of routine sampling

5.4.3.1 SELECTED POINTS METHOD

In thlS method the sampler shall be |mmersed at selected
o the mean
sediment concentration in the vertical as’\determined by
the preliminary experiments in 5.4.1.

to () i

2 The proceflure outlined in 5.4.1.1, 5.4.1.2 and 5.4.1.3 is more
laborious in many cases than would be justified for routine sediment

load measun
suspended lo

ent. Therefore, it is sometimes assumed that the
transport through a vertical is equal to the product

of the time-ajeraged mean flow velocity (V) and the mean concen-
tration (Z,,) |in the vertical. The fine sedlment {betow 0,075 mm
sieve dlameter) is generally found to be sufficiently uniformiy
distributed throughout the vertical so that a single sample at any

depth is likel

to be sufficient for determining the mean concen-

¥ E, I/', are the time-averaged sedimént concd
velocity at the sampling point, ¢ is” the ratig
g, is the time-averaged suspended sediment
the vertical, and n is the number of sampling
vertical, then

ntration and
of ¢; v;/qq,
oad through
points in the

- (4)

tration.

5.4.2 Selection of verticals

For the detérmination of the suspended sediment transport
in a stream/ the section should be divided into as large a
number of equally spaced segments as it is practicable to
complete in pne observational period.

During a flopd, when the stage and sediment transport/are
changing ragidly, the observational period is goverrned by
the shapes off the discharge and the sediment concentration

The preliminary measurements carried out dyiring various
stages will-determine the value of n, the number of the
sampling points and a;. Information about various selected-
point. methods in use, together with their limitations, is
given in the table (page 6).

54.3.2 DEPTH INTEGRATION METHOD

This method of sampling is based on the prerise that the
sampler designed specifically for the purpose fills at a rate
proportional to the velocity of the approaching flow. By

Vi G (ev);
— —_— e
———
Lower limit of sampled zone
2a) Velocity distribution 2b) Sediment concentration : 2 c) Sediment discharge

distribution

distribution

FIGURE 2 — Sediment discharge computation curves
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