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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Sedimentation and sediment transport in streams, rivers, reservoirs and estuaries are key parameters
in many scientific, environmental, engineering, and agricultural problems. Success in managing and
solving sedimentation problems requires comprehensive knowledge of sediment movement. This
requires reliable methods of estimation of sediment load with high-quality data. The amount of sediment
transport data being collected, however, has steadily declined in recent decades largely due to difficulty
and costs associated with field methods used for data collection. High temporal resolution data of high
quality are needed to better understand and more adequately describe many sedimentation processes.
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national Standard is confined to the measurement of suspended sediment. Conventio

les of water-sediment mixture at various points in time and space using suitab
bment and deployment methods and analysing the samples inlaboratory for estimating
entration. These methods are labour intensive, expensive and can be hdzardous. M
Facy of these methods in estimating the sediment concentration of riverssand streams d

port of suspended sediment.

al|:lions such as:
in hydropower projects for the safety of the turbinesiand other machinery, reservoi
flushing;

yater-supply projects for monitoring water quality;

q

torm water run-off from urban areas;

q

ilting of wetlands; and

rng-term monitoring of sediment transport in rivers and streams, in order to obtain 1
ines that can be used for decisionrmaking.

ch situations, automatic and-cost-effective techniques are essential to collect high-quz
ended sediment concenfrations and particle sizes.

nt technological advances in the fields of optics and acoustics have provided ney
gate technologies*and methods to determine suspended sediment fluxes and cha
 of these methiods can be used to measure suspended sediment concentration at highe
greater automation and potentially lower cost than traditional methods. These met
gate technologies that derive the suspended sediment concentration from measureme
scatterilaser diffraction and acoustic backscatter.

measurement of suspended sediment concentration (SSC) in the water samples can bg
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nuous and accurate estimation of suspended sediment concentration is essential in certain
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carried out

the help of nephetfometry, transmission, taser diffraction and acoustic back scatter tect

niques. The

working principles, applications, advantages and disadvantages, limitations and usable instruments of
the above techniques are elaborated in this International Standard. The optical backscatter technique
is readily available and relatively inexpensive. Optical backscatter sensor sensitivity depends on grain
size, colour and composition. The advantages are small size and small sample volume, linear and
high frequency response, insensitive to ambient light, large measuring range and low cost. The laser
diffraction (LD) technique is also readily available and cost effective. The acoustic backscatter is another
technique for measurement of SSC in the aquatic ecosystems. Measurements are possible for a range of
sediment sizes that is dependent on the acoustic frequency. The available maximum sampling depth will
be limited at high concentrations.
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INTERNATIONAL STANDARD ISO 11657:2014(E)

Hydrometry — Suspended sediment in streams and canals
— Determination of concentration by surrogate techniques

1 Scope

This International Standard specifies methods for determination of the concentrations and particle-size
distrbutionsof SuSpended Sedinment T StrearTs and canats by Surrogate techmiques: Metigds based on
bulk{optical principle of water such as transmission and nephelometry are the most gotffmonly used
surrpgates for determining suspended sediment concentrations (SSC). Instruments)jand techniques
basefl on acoustic attenuation and/or acoustic backscatter principles are also in use fof medsurement of
suspended sediment concentration. Instrumentation based on the laser diffractidmprinciplq is also used
for the measurement of particle size distribution. This International Standard eovers brief description
of the operating principle of each method and details of some of the instruments available.

The fletailed method and principle of optical and acoustical transmission, nephelometry, and optical
back|scatter (OBS), laser diffraction technique (LD) and acoustic backscatter technique (ABS) with their
limitptions are described in Annex A, Annex B and Annex C respectively.

2 Normative references

The following documents, in whole or in part, are notmatively referenced in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced doepiment (including any amendments) applies.

ISO 172, Hydrometry — Vocabulary and symbols

ISO 4363, Measurement of liquid flow in.@pen channels — Methods for measurement of charqcteristics of
suspénded sediment

[SO 13320, Particle size analysis ==\Laser diffraction methods

3 Terms and definitions

For the purposes ofthis document, the terms and definitions given in ISO 772, ISO 4363 and ISO 13320
and the following-apply.

3.1
surrpgate téchnique
indirectmethod in which a substitute object or property is used for measurement in place of the original
obje¢t oy property

Note 1 to entry: Optical and acoustic properties of water-sediment mixture such as optical transmission, acoustic
scattering and laser diffraction are some of the surrogates for measurement of suspended sediment concentration.

3.2

nephelometry

any method for estimating the concentration of particles in suspension by measuring the intensity of
scattered light

Note 1 to entry: Light scattering depends upon number, size distribution, colour, composition (as manifested in
the complex index of refraction) and shape characteristics of the particles.

© ISO 2014 - All rights reserved 1
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4 Measuring principles

Optical and acoustical methods can be used for continuous measurement of sediment concentration.
The measuring principles for the above surrogate techniques are similar and can be classified in three
categories as described in 4.1 to 4.4 (see Figure 1).

4.1 Transmission

The source and detector are placed opposite to each other at a distance I as shown in Figure 1 A. The
source emits a collimated light beam with intensity /,. The sediment particles in the measuring volume
reduce the beam intensity by absorption and scattering resulting in a reduced detector signal. The
relationship between the detector signal (/) and the sediment concentration (c) is described by.Beer’s
Lawl43] and[is given by Formula (1):

I, =1e [ (1)

o

I is tIe transmitted light through a sample of length I in water of sediment concentration c;
I, isthe incident intensity of the emitter source;

k isalconstant depending on the sediment, water, and instrument characteristics.

4.2 Scattering

The source 4nd detector are placed at an angle ¢ relativeio each other shown in Figure 1 B. The detgctor
receives a part of the radiation scattered by the sediment particles in the measuring volume] The
relationship between detector signal (/s) and sediment concentration (c) is given by Formula (2):

I, = ksl pe K2 (2)

where
I, isthe incident intensity pfithe emitter source;
ky isalconstant depending on the sediment, water, and instrument characteristics;

k3 is alcalibration éeefficient depending on instrument geometry, particle properties (size
disfributionsshape, index of refraction or composition), optical /acoustic wave length
and traveldistance (I).

NOTE_. Often, the distance I/ cannot be defined in optical backscatter type systems.

An important limitation of the scattering method is the strong nonlinearity of the relation between the
detector signal and sediment concentration for large concentrations. Even in low concentrations where
the response is linear, the output depends strongly on grain size and colour. For instance, colour alone
may change the calibration by a factor of 10 for higher concentration[3Z] and the grain size may cause
an additional change in calibration. For example, the calibration is shown to change by a factor of 20
between a white 5 pm sediment and a grey 10 um sediment. As such, changes in sediment properties
are not uncommon in nature, which are generally not known during the course of monitoring. Spot
calibration from samples is likely to be contaminated by unknown errors when sediment properties
change in space/time. The errors can reach several hundred percent and greater. However, the use of
laser sensors is able to overcome these errors to great extent.

2 © ISO 2014 - All rights reserved
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This method is based on the combination of transmission and scattering, as shown in Figure 1 C.
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Figure 1{— Basic principles of optical and acoustic methods
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The phenomenon.of bending of light from its straight line path around the corners of an obstacle or slit is

knov
isus
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n as diffraction. Diffracted light can produce fringes of light, dark or coloured bands. This property
bd for.measuring suspended sediment concentration in laser diffraction instruments.

- diffraction measures suspended sediment concentration by measuring the angulpr variation

in in

€nsity of light scattered as a laser beam passes through a dispersed particulate sample. Large

particles scatter light at small angles relative to the laser beam and small particles scatter light at large
angles. The angular scattering intensity data are then analysed to calculate the size of the particles
responsible for creating the scattering pattern, using the Mie theory of light scattering.

5 Properties of sediment of importance for sediment surrogate techniques

5.1

General

The transport of sediment is based on hydraulic characteristics and physical properties of the sediment.
Some of these properties are of importance for evaluating the accuracy and precision with which the
sediment surrogate technologies described in this International Standard can determine SSC.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=9990cbe5635fa23f466021fbd21b8bc1

ISO 11657:2014(E)

5.2 Particle size

Suspended sedimentsize is ofimportance for bulk optical and acoustical methods as these fundamentally
respond to the surface area of the particles. If the surface area changes but the concentration remains
constant these sensors will reporta change in concentration thatis proportional to the change in surface
areal3Z]. The concentration output from LD sensors does not change with particle size.

5.3 Particle colour

The output of single-parameter bulk optical sensors depends strongly on particle colour. Sediment colour
changes alone may change the calibration by a factor of 10 for higher concentration.[37] Combined with
changes in grain size this may cause an additional change in calibration. For example, the calibration can
be shown to|change by a factor of 20 between a white 5 um sediment and black 10 pm sedimentt3Z]. The
concentrati¢n output from LD or acoustical sensors is not influenced by particle colour.

6 Methods for determination of suspended sediment concentration by surrogate
techniques
6.1 Generfal

The surrogdte methods employ in situ measurement using sensors that measure either

a) the bulk optical properties of the water-sediment mixture, including transmission, nephelometry
and optjcal backscatter (OBS) sensors, or

b) laser diffraction (LD) sensors.

The methodp also include sensors that measure the acoustical properties of the water-sediment mixture
such as acoystic backscatter (ABS).

6.2 Bulk pptics

Measurements of the bulk-optical properties of water-sediment mixture are the most common mjeans
for determining turbidity (water clarity)and estimating SSC in rivers. A number of optical instrunpents
are commerfcially available. Bulk-optic-instruments can be categorized as follows.

a) Transmjssometers, whichemploy a light source beamed directly at the sensor. The instrument
measurgs the light transmission, i.e. the part of the light not scattered by the suspended partigles.

b) Nephelgmeters, which” measure light scattered by suspended particles (rather than |light
transmission). Thelight reaching the detector is directly proportional to the amount of sediment
particles scatterinig the source beam if their size, shape, colour and composition do not change.
Nepheldmeteérs-can be divided into two general categories:

1) Turbidi : 3 g asurenments
typically are expressed in turbidity units defined by the light source, detection angle, and
whether the sensor has single or multiple detectors. The units of turbidity from a calibrated
nephelometer are called nephelometric turbidity units (NTU).

2) Optical backscatter (OBS) instruments measure backscattered infrared light, usually at 165°
from the emitter, in a small (concentration dependent) volume.

These instruments provide an estimate of the suspended sediment concentration from a single point.
Both transmission and scattering are functions of the number, size, colour, index of refraction, and
shape of suspended particles. Particles of all sizes can be measured in this way. However, the sensitivity
of these bulk optics methods depends on bulk particle area concentration, i.e. C/d, or Z; Ci/di where
C is volume concentration [when particles are smaller than the wavelength of light A, the summation
includes a weight factor corresponding to the scattering efficiency of particles, which for such small
particles is other than 2 (the value for particles > A)] and d is particle size. In other words, the method

4 © ISO 2014 - All rights reserved
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is progressively less sensitive to increasing particle size. It also follows that the maximum working
concentration depends linearly on particle size. The details of the method are given in Annex A.

These bulk-optical instruments are generally inexpensive, do not have moving parts unless a wiper for
the optical window is used, and provide rapid sampling capability. The instruments rely on empirical
calibrations to convert measurements to estimates of SSC. No generic calibration that can be used to

calib
Ther

rate the output from a transmissometer or nephelometer to SSC is possible.

e are several drawbacks associated with use of bulk-optic instruments that include:

a) lack of consistency in instrument measurement characteristics;

b) variable instrument response to grain size, composition, colour, shape, and coating;
c) Iiological fouling or damage to optical windows;

d) monlinear and censored responses of sensors at high sediment concentratiof;and
e) Yariable response with dissolved constituents causing colour.

Maximum concentration limits for these instruments depend in part ofrparticle-size distr
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al backscatter (OBS) sensor has a generally linear response at concentrations less tha
ay and silt, and 10 g/1 for sand although the exact concentrations at which the respo
near is size dependent. The upper concentration limit for€ransmissometers addition:
e optical path length [see Formula (1)].

kmissometers are more sensitive at low concentratiens but nephelometers and OBS g

hnd particle colour, nephelometers and OBS sensors are best suited for application §
jvely stable particle-size distributions and cplour.

Laser diffraction (LD)

.D principle is described briefly inthis subclause (for details see ISO 13320).

br beam is directed into the sample volume where particles in suspension scatter, absor}

Scattered laser light is received by an array of detectors that allow measurement of th
ultiple angles from the original direction of the beam. This yields a vector of ligh
sities with one numérjcal value for each detector. Using a suitable mathematical pr
al model the scattefing intensities are converted into a volumetric size distribution
classes defined by the scattering angles covered by the detectors. By summing th
ents of the particle size distribution the total volume concentration for the size rangg
nstrument {s-obtained.

hame_laser diffraction derives from the original application of this method where ligh
hitiple very small forward angles was measured. At these small forward angles (abou
ering is dominated by diffraction, rendering particle composition (i.e. refractive in

)

ibutions. An
about 2 g/I
se becomes
11ly depends

ensors have

ader operating range of concentrations. Because'of the relation between calibration to particle

It sites with

,and reflect
e scattering
t scattering
bcedure and

in discrete
e individual
covered by

It scattering
t < 10°), the
dex) of only

secondary Importance.

The LD method offers a fundamentally different basis for in situ measurement of the concentration (as
well as sizes) of suspended sediment particles at a point in the water column. Unlike bulk optical or
acoustic methods, the LD method does not suffer from a significant change in calibration with changing
sediment colour, composition or size for sediment sizes within the instrument measurement limits and
it does not require any calibration by the user. This property has led to the broad acceptance of the
method in applications ranging from measurements of biological specimens to ceramics and particles
of all types.

6.4 Acoustic back scatter (ABS)

Characterization of SSCusing backscatter and attenuation of acoustic signals in water has been described
and developed for several decades. The basic principles are that acoustic waves passing through a
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water-sediment mixture will scatter and attenuate as a function of sediment, fluid, and instrument
characteristics. The acoustic metrics of backscatter and attenuation relate functionally to sediment
characteristics (concentration, size, shape and density) within an ensonified volume after adjusting for
the influence of fluid and instrument characteristics. Specific formulae have been developed to correct
for the non-sediment (instrument and water) factors affecting acoustic metrics. A significant limitation
of single-frequency systems is that the metrics of acoustic attenuation and backscatter amplitude may
change due to changes in sediment concentration and/or sediment size. The amplitude of acoustic
backscatter from sediment may increase with increased concentration at a fixed size distribution or
with increased sediment size at a fixed concentration; and acoustic attenuation also varies with size and
particle density. Multi-frequency acoustic systems, however, have been successfully used to estimate both
sediment concentration and size characteristics. The optimal frequency(ies) for measuring sediment
characteristics will depend on the sediment sizes and the channel depth and/or width of measurernent.

Acoustics h
lengths. Thd
about 20 mj{
configuratid

7 Calibr

7.1 Fort

samples, an
for the varig
necessary in
to convert th
be applied. 1

The in situ c
and measur

ve been successfully used at concentrations up to 30 g/1, with very short acougstieal
 relation of acoustics to sediment generally performs poorly at concentrations-tess
y /1. Measurements can be made from fixed acoustic instruments in side- or’down-loq
ns; or from mobile acoustic Doppler current profilers.

ntion and validation

e bulk optical and acoustic methods, in situ calibration between SSC, obtained from v
the signal measured by the sensor is necessary. The purpaese of the calibration is to acq
bility in the constants k, kp, and k3 in Formulae (1) and (2).For LD, in situ calibration i
order to obtain the volumetric concentration of the suspended sediment. However, in
e volume concentration from a LD measurement to SSCthe bulk density of the particles
'he bulk density can be assumed, modelled, or derived from water samples.

hlibration should be done under flow conditipns that cover the entire range of velocitieg
ng positions (close to bed and water surfage). For bulk optical or acoustic methods, re

calibrations

k2, and k3 mpay change in time due to temporalvariations in grain size, shape, colour or compos

In practice,
mechanical
particles be
measureme
LD does nof
order to con
range of the
concentrati

In rivers mo
to take wate

7.2 Thea

path
than
king

vater
ount
s not
rder
must

,SSC
bular

over a range of flows and sedimentary_conditions are required because the constamts k,

the bulk optical and acoustical sampling methods can only be used in combination W
sampling method to collect water-sediment samples for calibration. LD instruments med
fween a minimum and maxifnuin size that is a function of the instrument scattering
ht. If the size of the suspended sediment is within the size range of the LD instrument,

require recalibration except for changes in particle bulk density, which is necessa
vert the volume congentration to mass concentration. If some sediment is outside of th¢
LD instrument, conisult the manufacturers’ manual for information about how the oy
n, accuracy and precision are affected.

st of the suspended sediments are transported during floods. Therefore it is recomme
r samplés for calibration especially during floods.

fcutracy and precision of data produced by a sediment surrogate technology depends o

tion.
ith a
sure
ingle
then
ry in
P Size
erall

nded

n the

quality of th

e ealibration except possibly for LD. For LD, the measurement can be directly valida

d at

any time using standards with traceability within instrument measurement limits. Validation procedures
specified in ISO 13320 and the manufacturer’s manual shall be followed. The accuracy of the SSC derived
from a LD measurement is dependent on the accuracy of the volume concentration and the estimate
of the particle density. Consult the manufacturer’s manual for accuracies of the volume concentration
measurement and propagate the errors when computing the SSC. For the bulk optics and acoustic
methods only in situ calibrations of the instruments should be applied to account for sediment properties
that cannot be mimicked in the laboratory, e.g. flocculated particle size at the time of the measurement.

NOTE Traceable standards may be available from national laboratories or institutes, such as the National
Institute of Standards and Technology (NIST).

7.2.1 The best way to calibrate an OBS or turbidity sensor for measuring SSC is to take water samples
immediately adjacent to the sensor and develop a numerical relationship between the instrument
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output and the SSC values of the samples. The SSC values should be obtained using standard methods
as appropriate. Standard turbidity data in NTU or other suitable units may then be calibrated to SSC
using SSC data determined from the filtration of water samples. Standard concentration units should be
calibrated to SSC determined from a coincident sampling programme. A typical calibration curve is shown
in Figure 2. Users of this International Standard should remain cautious at all times that calibrations can
change readily with change in grain size distribution, colour, or composition so that calibration from one
regime may not carry over to the other.

Suspended sediment concentration(pSC)

=y

calibrations
ht surrogate
ent realm, if
r suspended

0 500 1000 1500 2 OOG\\) 500 3000 3500 40¢
Z
TURBID§§& NTU)
R\

\fo

NOTH Data courtesy of Cun tan hydrometria&ta ion, Upper Yangtze River, China.
N
Figure 2 — Calibration of OBS concentration with bottle samples

7.2.1 The most meanin Egleasure of a surrogate technology’s reliability is derived from|
perfgrmed within the i ment measurement realm. Hence, criteria to evaluate sedime
techmologies should ased solely on instrument calibrations in the instrument measurem
possible. Howeve@@ ultimate measure of the efficacy of a surrogate technology to monito
sediy is its ability to quantify adequately the sedimentary characteristics of interest over

thee

hents in ri
ntire c@ction. A schematic view of sample collection for calibration is shown in Fig

s

ure 3.
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Key

1 boat 5 watersu

2 crane 6 pointi rating water sampler (P-61)

3 ADCP 7 acn@ttc data collected from bins at the same depth as the water sampler
4  beams

>
NOTE Reprpduced wit ission from Wall and others, 2006 (see Reference [18]).

Y

igure 3 — Schematic view of sample collection for calibration

S
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Annex A
(informative)

Determination of the concentration of suspended sediment by
optical techniques

A.1| Transmission

A.1.1 Principle

A light source and detector are positioned at a set distance. Light is directed inito the sanjple volume.
Sediment present in the sample volume will absorb and scatter a portion of the light. A detgctor located
oppasite the light source allows determination of the degree of attenuation of the light beam. This can
be related to turbidity.

A

A.1.2 Operational ranges

Sens bidities and

SSC

brs based on the transmission principle are more often tsed for monitoring lower tuy
loften <1 000 mg/1) than sensors based on the scattering principle.

A.2 | Scattering

A.2.1 Principle

This

thei
prop

tran;g
(OBS
atten
meas

method is based on measuring the scattered light by positioning the light detector af
cident light. Measurements close'to 90° is termed as turbidity, which reflect the colle
erties of the water-sediment mixture that cause light to be scattered or attenuated
mitted through the solution. Measurementat an angle less than 90° is termed as optical
), which is used to deterimine the turbidity of the solution. The larger the amount

uation of light, the larger.the value measured by the nephelometric turbidity meter. Ne
urements typically.are expressed in turbidity units defined by the light source, detg

an angle to
ctive optical
rather than
backscatter
f scatter or
phelometric
ction angle,

and ywhether the sensor has single or multiple detectors.

A

A.2.2 Instrumentation

emitted and
lwindow and
me distance.
converts the

An OBS sensor.is typically a cylinder utilizing an optical window from which light is both
received, A-pulse of either white or near-infrared light is transmitted through the optical
is scattéred or reflected by particles in front of the window in a 165° conical zone within so
Som ) L : . :
backscattered light to a proportional voltage output.

Output from turbidity meters is in mV and data loggers usually store this data at suitable time intervals.
Recorded data should be regularly downloaded from the data logger onto a computer or storage module.
The voltage output from the sensor is converted to standard nephelometric turbidity units (NTU). It is
recommended that calibrations are undertaken using certified polymer bead solutions. Calibration to
standard units allows sensor drift to be identified and compensated. Sensors may drift significantly due
to aging of electronic components and lens scratching. Calibrations should be undertaken on a three
monthly basis. This calibration can be performed by the manufacturer or the user. If the calibrations are
performed by the user it is important that they follow the same procedures as the manufacturer. The
standard turbidity data are then quality controlled to remove erroneous data. These data usually result
from debris trapped on the sensor head or algal growth on the sensor lens. They may be identified as
very high constant values, highly variable values, or steadily increasing values not related to changes in
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river stage. If there is evidence of linear drift in the output between cleaning intervals a linear correction
may be used.

A.2.3 Operational Ranges

This method is commonly used to accurately measure turbidities ranging from 0 NTU to 3 000 NTU.
Probes specifically designed for measuring higher turbidities (up to 30 000 NTU) are also available.

A.3 Calibration

Ilazales ADIE PEPE LY

Standard tupb

from the fil
determined
sensitive to
Furthermorj
turbidity re
may be app
sediment cd
extrapolatid
units and m
of simple lij
computeat
multiple lin
developed. |
the multiple
ultimately aj
series can §
suspended {

bidity-data-tnNTHvalaesmayfinaly-beealibratedte-SSCme g-SSC-data-deters
fration of water samples. The standard turbidity units are to be calibrated to SSCiw
from a coincident sampling programme. This is extremely important, as turbidityis
variations in the properties of suspended sediment such as the size, colour and eompos
e, as the sediment properties may change in time it may be necessary_te, calibrat
ford using sediment samples that relate to specific periods of time (e.g. a seasonal calibr
Fopriate). Many samples are needed for an accurate calibration. For a'reliable calibr
ncentration samples need to be collected over the full range of monitored turbiditie
n should be done from the calibrations. A simple linear regressionimodel between turh
easured SSC can be used for calibration. If the model standard\percentage error (M
ear regression model meets an established minimum critefion, this model can be us
me series of SSC. If the simple regression model does notineet the acceptability criter

par regression model using paired instantaneous turbidity and stream flow data are

CTSTIT

If the addition of stream flow is statistically significantand the uncertainty associated

regression model results in an improvement oveprthat for the simple linear model a

cceptable, it is used as the basis for computing atime series of SSC. The computed SSC

ined
hlues
very
tion.
b the
htion
tion,
S; NO
idity
SPE)
ed to
on, a
to be
with
ind is
time

ubsequently be used with its paired stream-flow time series to compute a time series of

ediment load (SSL) by standard techniques:
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11
4 10
X)"
® rd Al
7 8
2
1
Key
1 lpser diode 7 © near detector (ND)
2 lens 8  far detector (FD)
3 focusing tube 9  Wratten filters (2)
4  dapphire windows (3) 10 Wratten window
5  gcceptance cones 57° 11 epoxy window
6 INIR beam
NOTE Reproduced with permission from Campbell Scientific (see Reference [30]).
Figure-A<1 — Schematic of the optical backscatter (OBS) technique
A.4 | Limitations
The limitations of optical techniques can be described as follows:
a) O tl Ullsl)’ dCl)ClldCllt UlIl lJGl tiblc DiLC Cllld ocd;ulcut LU}UUI I CS ul(ll Lal;bl atiuu I C\.iblil Cd

b) strongly dependent on water colour from dissolved constituents;
c) can be affected by biological fouling and ambient light;

d) performs well for measuring concentrations where particle size is constant or remains in 0,2 mm
to 0,4 mm range; and

e) highly susceptible for air bubbles.
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Determination of the concentration of suspended sediment by
laser diffraction technique

B.1 Pringiple

Laser diffragtion is a technique based on the principle of small-angle laser light scattering (Mi€ theory).
At small forjward-scattering angles, laser diffraction by spherical particles is essentially identiqal to
diffraction by an aperture of equal size. A simplified conceptual explanation is showinin Figure B1. A
particle blogks light waves. Some are transmitted through the particle; others are_diffracted arnound
the particle] The diffracted rays appear in the small-angle region. The rays that enter the particle are
scattered oyer the full T angle range, so that their contribution to the smalllangle region is minjimal.
As a result, fiffraction dominates the small-angle forward scattering. Parti¢le composition and c¢lour,
which are rgpresented by the refractive index as a function of light wavelength, became irrelevant. From
the diffraction signature, which has a characteristic shape termed thé Airy function, particle siz¢ and
concentratiln can be determined by inversion of the small-angle light scattering data. In other wprds,
if the smalljangle scattering signature is observed, it leads via inversion to the size-distribution| The
size-distribution is summed, to get the total concentration. By measuring the scattering signature|over
awide dyna‘tnic range of angles, the concentration of particle§'within a size range covered by this gngle
range can b¢ obtained.

\

Figure B.1 — Sketch showing a parallel beam of light striking a spherical particle

B.2 Instquments

Various laser diffraction instruments are commercially available to measure the volume concentration
of suspended sediments. These instruments determine the concentration of suspended sediment
particles from the measurement of the laser beam scattered at different angles.
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/3\ ¢

g

2 4 5 7
Key
1 lpser diode source 5 receiving lens
2 dompanion focusing optic 6  connecting phetographer rings
3  pressure window 7  transmission‘detector
4  dampler volume
Figure B.2 — Schematic of the laser-diffraction technique
B.3 | Limitations
The limitations of the method can be described as follows.
a) The method is limited in the rangeof concentrations that can be measured. Multiple scattering

b)

d)

effects (re-scattering of scattered-ight) begin to appear when the optical transmission]
30 %. The lower the transmission, the stronger the effects of multiple scattering will b

the range of 40 % - 60 % is generally recommended to avoid issues with low sensit
optical transmissions (low concentrations). Upper concentration limit can be extended
the optical path length; however, a very short path length may produce a relatively|
yithin the measuting volume disrupting the in situ size distribution.

The instruments are highly susceptible to biological fouling.
NOTE Use of anti fouling devices may be considered to overcome this limitation.

.

[lie.instruments measure a limited range of scattering angles, and thus a limited range

is less than
p. Maximum

¢oncentration sediments depend on the path length of the instrument. An optical trajpsmission in

vity at high
by reducing
large shear

of sediment

ave little to

H Cads P | £l £l H rs AN AN 3 H u
SIZLZTS. JUTUILIITIILS 1TSS UlIdIl UIIT IITIIIITIITUILL, diru 51 Cdlll Ullall LT ITIdATIITuIIn SI14T 1a115c I

no affect on the measured value. Thus, the method would require calibration for the unmeasured

sediment; and recalibration for changes in the unmeasured fraction changesl8l.

The technique is highly susceptible for air bubbles.
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Annex C
(informative)

Determination of the concentration of suspended sediment by

acoustic back scatter

C.1 Pringiple

Characterizftion of suspended sediment using backscatter and attenuation of acoustic sigials’in yj
has been dgscribed and developed for several decades[42][16][38][23][34], The basic principles arg
acoustic waves passing through a water-sediment mixture will scatter and attenuate’as a fun
of sediment,
The acoustic metrics of backscatter and attenuation relate functionally to sediment character

(concentrat
and instrun
a separate
transceiver
and then, af]
particles su
velocity met
velocity of t
The backsc3

Methods to

environmenits[38]; and fluvial environments[34]. “Fhie methods are approximately equivalent.

Internationa

An expressi
The sonar e

RL =SL +

where
2TL=2
In this met

is equal to 1
from an ens

fluid, and instrument characteristics, including frequency and transducer dian

on, size, and shape) within an ensonified volume after adjusting for the influence of
ent characteristics. Early investigations of acoustic surrogates-relied on instruments
ound source and receiver, rather than a combined source/and receiver such as mg

(referred to here and typically as transducers). The transducer emits an acoustic }
Ler an interval just long enough to stop ‘ringing’, it receives the echoes backscattered
spended in the acoustic path, as illustrated in the simplified Figure C.1. Acoustic Do

he particles scattering the signal (the assumed:water velocity) relative to the transd
ttered signal amplitude and attenuation provide measures of SSC.

bstimate SSC from acoustic metrics have been developed by researchers working in m

1l Standard describes methodsl42], developed primarily for simplicity.

juation is written in logarithmic units of decibels in Formula (C.1) as:

2TL+TS

D log10(Wr) +2 ¥ as + ay)

vater
that
ction
leter.
stics
fluid
with
dern
bulse
from
bpler

ers measure the Doppler shift in the frequency of the backscattered signal to determine the

ucer.

hrine
This

pn relating acoustic surrogates to’ sediment concentration begins with sonar equatiojn[42].

d RL is-the reverberation level (measured backscatter intensity) of the received signa

signal (genera

bible of measurements for a spec1f1c ensonlfled volume, SL is the source level of the e

of the spherical spreadmg and attenuation, and TS is the 1nten51ty of the 51gna1 echoed by the particles
in the ensonified volume, equal to 10 log1o(SSC). In Formula (C.2), as is the coefficient of attenuation of
acoustic energy by sediment, a,, is the coefficient of attenuation of acoustic energy by water, r is the
range from the transducer to the ensonified volume, and ¥ accounts for non-uniform energy spreading

14
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in the transducer near field, r,, which is also known as the Rayleigh distance. formulae to estimate ¥ are
presented[341[38] as:

1
(1,35r /) + (25 /1) >

Water absorption a,, is a function of water temperature, salinity, and pressure and can be obtained by
Formula (C.4)[Z][15]:

Y(r)=1+

(C.3)

2 2
_APAST PSS

2
f2 , g2 £2 , f2 +Ashsf (C4)
J1 J JZ J

(04

w

where ay, is the coefficient of absorption in sea water.

The first term in Formula (C.4) represents the sound absorption due to the boric acid” The second term
giveq the sound absorption due to magnesium sulfate. The third term indicates’the absorption due to
pure|water. The contribution of sound absorption due to other chemical ingredients has|been found
to be negligible. The third term provides sound absorption because of pure water. Constants P4, Py
and P3 indicate effect of pressure. Frequency dependence is shown by frequencies f1 and fp. These are
relaqation frequencies of boric acid and magnesium sulfate; f'is the freqtiency of sound. Values of A1, A3
and 43 depend on water properties such as temperature, salinity andpH.

For most freshwater fluvial environments (at depths less than 200/m), only temperature will significantly
affedt ay. Some use Formula (C.2) and assume a; to be negligible; others use Formula (C]5)[341(38] to
estimate as:

g =55C, | k(y=1)" | ——— +1(k4a§) 434 (C.5)
sP+(r+7)7) ©
where
§5Cy is the dimensionless volumetric sediment concentration (SSC divided by sediment den-
sity);
k is the wave number;21/A, A being the wavelength in cm;
) is the specificgravity of the sediment;
ds is the mean sediment radius in cm;
3 is equal to [9/(4Bas)][1+1/(Bas)];
1 is’equal to [0,5+9/(4Bas)], in which B is equal to [w/2v]05 and w is 27f;
Ji is frequency in hertz (Hz);
v is the kinematic viscosity of the water, in stokes;
4,34 is the conversion from nepers to decibels for the attenuation.

The first term of the sum within the brackets is the acoustic attenuation due to viscous losses and the
second is the acoustic attenuation due to scattering losses.

An important improvement to estimating as can be obtained from profiling using acoustic velocity
meters[39].
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backscatter (RB) is computed as follows:

+2TL

(C.6)

which is equivalent to the total scattering by suspended particles. Then, log19(SSC) is a function of RB

and

S5C=10

(A+BxRB)

€.7)

The coefficientsAand Bare evaluated usingregression for paired physical SSCand acousticmeasurements.

C.2 Instrjuments

Acoustic Do
to measure
transducers
vector. Atra
pulse, and v

The return ¥
profile can
amplitude 3
backscatter
not intersec
and instrun
multiple fre

C.3 Limi

The limitati

ppler velocity meters and current profilers are commercially available and broadly
velocity profiles in laboratory and environmental applications. A fixed array of mu
measures axial velocities that are used to obtain a 2- or 3-dimensional current ve

t

ce versa.

roltage signals are digitized and sliced by time interval into ranges or bins so that a vel
be computed. As a velocity measuring instrument, the~ADCP records the backsc
s a data-quality indicator. Velocity measurement requirés the magnitude of the meas
to be greater than that of ambient acoustic noise. The mtaximum range of an ADCP, if it
L a boundary, is dependent on the signal attenuation,“which is a function of water, sedi
jent characteristics. Acoustic meters specificallybuilt for sediment characterization
uencies may be used.

o

fations

bns of the methods can be described as follows.

C metrics are affected by changesin particle size distribution.

5 are more complex and l€ss generalized than for bulk optics or LD at this time.

y is limited for low concentrations, less than about 10 mg/1.

ing on method uSe;'signal attenuation due to sediment may be difficult to determine.

nique is highly susceptible for air bubbles.

a) Acousti
b) Method
c) Accurad
d) Depend
e) The tec}
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