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1 SCOPE 
 

This Standard specifies conventional and simplified methods for the measurement of cross -sectional mean suspended 

sediment mass concentration and mean particle size distribution. The conventional method is used for routine 

measurements in periods of stable or slowly varied flow. The simplified method is mainly used for  sediment measurements 

for the purpose of observing the variation process of sediment transport and can be performed under difficult conditions. 

Empirical relationships are established between the cross-sectional mean suspended sediment mass concentrations and 

mean particle size distributions measured by conventional and simplified methods. 

 
The methods specified in this International Standard are applicable to suspended sediment measurements at 

hydrological stations. 

 

2 NORMATIVE REFERENCES 

 
The following standards contain provisions which through reference in this text,  constitute provisions of this standard. At the 

time of publication, the editions indicated were valid. All Standards are subject to revision, and parties to agreements based 

on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated 

below : 

 

IS No/ISO. Title 

 
 

ISO 31 (all parts), Quantities and units 

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

 
ISO 772, Hydrometric determinations — Vocabulary and symbols 

 
ISO 1000, SI units and recommendations for the use of their multiples and of certain 

other units 

 
ISO 3716, Liquid flow measurement in open channels — Functional requirements and 

characteristics of suspended sediment load samplers 

 
ISO 4365, Liquid flow in open channels — Sediment in streams and canals — 

Determination of concentration, particle size distribution and relative density 

 
3 TERMS AND DEFINITIONS 

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

 

3.1 Suspended sediment Discharge - Mass of suspended sediment passing through a specific cross-section 

of streams or canals per unit time 

 

3.2 Suspended sediment load - Total mass of suspended sediment, generally expressed in mass or 
volume of dry sediment, passing through a specific cross-section of streams or canals in a given period of 

time 

 

3.2.1 Bed load - The sediment in almost continuous contact with the bed while carried by rolling, sliding 

or hopping along the bed of the stream. Bed load is also divided into contact load and saltation load. 
 

3.2.1.1 Contact load - The sediment that is rolling or sliding along the bed of the stream in 

substantially continuous contact with the bed. 
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3.2.1.2 Saltation load - the sediment bouncing and hopping along the bed of the stream or moved 

directly or indirectly by the impact of the bouncing particles. 
 

3.2.2 Bed material load - The coarser part of the sediment load which consists of particle sizes represented in 
the bed (that is bed material) and which is limited in its rate of movement by the transporting capacity of 

the channel, is called the bed material load. 
 

3.2.3 Suspended load - That part of the sediment load of a stream which remains in suspension in the 
flowing water for considerable periods of time without contact with the stream bed, being kept up by the 

upward component of the turbulence or by colloidal suspension. 
 

3.2.4 Wash load - That part of the suspended load which is composed of particle sizes smaller than those 

found in appreciable quantities in the shifting portions of the stream bed. It is in near permanent 
suspension and is transported through a reach of stream without deposition. The discharge of the wash 

load through a reach depends only on the rate with which these particles become available in the 

catchment. 
 

3.3 Vertical average sediment mass concentration - Ratio of the suspended sediment discharge per unit 

width (qs) to the flow discharge per unit width (q)  in a vertical 
 

3.4 Cross-sectional mean sediment mass concentration - Ratio of the cross-sectional suspended sediment 

discharge (QA,s) to the cross-sectional flow discharge (QA) 

3.5 Method for combining samples collected in a cross-section - Method for measurement of cross-sectional 

mean sediment mass concentration in accordance with the segmental discharge-weighted principle 

 
NOTE: The method involves dividing a cross-section by verticals into several segments with equal water surface width, or equal flow 

area or equal discharge. Samples are taken by a specific method in each vertical passing through each segment centre. (The flow 

velocity at a sediment sampling point should be measured simultaneously with the taking of the sediment sample or as soon as 

practicable after the collection of the sediment sample. In rivers subjected to rapidly changing stage, it is strongly recommended that the 

sediment sample be taken at the same time as the measurement of flow velocity.) Then the sediment mass concentration of the 

combined samples is determined as the cross-sectional mean sediment  mass concentration. 

 

3.6 Particle size analysis - Entire technological operation for determining the ratio of sediment mass of 

each size group to the total sediment mass of a sample as specified in ISO 4365 

 

3.7 Particle size distribution - distribution in ratios of sediment mass of each size group to the total sediment 

mass of a sample 

 
NOTE: It is generally expressed in ratios of mass of sediment coarser or finer than a given diameter to the total sediment mass of the 

sample. 

 

 
3.8 - Cross-sectional mean size distribution of suspended sediment 

Conceptual characteristic value representing the ratios of sediment mass of each size group to the total suspended sediment 

mass in the cross-section 
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4 UNITS OF MEASUREMENT 
 

4.1 The International System of Units (SI Units) is used in this International Standard in accordance with ISO 31 (all parts) 

and ISO 1000. 

 
4.2 The suspended sediment concentration is expressed in one of the following three ways. 

 
a) Mass concentration of the water-sediment mixture ws, generally expressed in milligrams per litre 

(mg/l)/ppm, grams per litre (g/l) or kilograms per cubic metre (kg/m3)/ parts per million,  is  dry sediment per 
unit volume of the water- sediment mixture. This is the expression used in this International Standard. 

 

b) Volume fraction φ, expressed as a percentage (%), is the ratio of the volume of sediment to the volume of the 

water-sediment mixture and is given by Equation (1): 

 

(1) 

         where 

Vs   is the volume of sediment; 

Vws is the volume of the) 

 
(c) Mass fraction, ww, expressed as a percentage (%), is the ratio of the mass of dry sediment to the mass of 

water-sediment mixture and is given by Equation (2): 

 

 

where  ws  is  defined  in  a)  and  w  and  s   are  the  mass  concentrations  of  water  and  sediment, respectively, expressed 

in mg/l, g/l, or kg/m3. If no measured data are available, s may be adopted between 1400 kg/m3 to 2650 kg/m3 based on the 
river basin and location. 

5 SELECTION OF SITE 
 

The cross-section for measurement of suspended sediment shall preferably coincide with that for measurement  of velocity 

and shall meet the requirements specified in ISO 748. 

 

6 SELECTION OF SAMPLERS 
 

Samplers shall conform to the requirements specified in ISO 3716. 

 
In measurement of suspended sediment, a time-integration type sampler and an in-situ velocity measurement device with 

good performance shall be used to eliminate or mitigate the influence of fluctuation of sediment  concentration. 

 

7 MEASUREMENT METHODS AND FREQUENCIES 
 

7.1 Principle for measurement of cross-sectional mean sediment mass concentration 
 

As the distributions of velocity and sediment mass concentration in a cross-section of a stream vary spatially, the time-

mean velocity v and sediment mass concentration  shall be measured at a number of points in the cross- section, with each 
point representing a small area of dA = dhdb. From 
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the cross-sectional flow discharge and sediment discharge can be calculated. From the definition given in 3.4, the cross-

sectional mean sediment mass concentration  A is given by: 

 

(3) 

where 

 
db and dh are the width and depth of the small area represented by the point, respectively; 

 
B and H are the surface width and vertical depth of flow, respectively; dqA

 (= vdhdb) is the discharge passing through the small area. 

The cross-sectional mean sediment mass concentration is determined by weighting the mass concentration for the discharge 

of each section. This is the basic principle for measurement of cross-sectional mean sediment mass concentration. In 

practice, it is normally simplified into  the  sediment  discharge  method  and  the method for combining samples collected 

in a cross-section. 

 

7.2 Principle for measurement and calculation of cross-sectional mean particle size 

distribution 
 

The product of the cross-sectional mean particle size distribution and the cross-sectional sediment discharge shall be equal 

to the sum of the products of segmental particle size distribution and the corresponding sediment discharges. The cross-

sectional mean particle size distribution conforms to the principle of weighting sediment  mass concentration based on 

water discharge. The particle size distribution determined by the method for combining samples collected in a cross-section 

specified in this International Standard also conforms to the cross- sectional mean particle size distribution. 

 

The cross-sectional mean mass fraction of sediment finer than a given diameter in the total sediment mass of sample wd,A 

can be expressed by Equation (4): 

 

(4) 

Where, 

 
wdi is the average percentage of the mass of sediment finer than the given diameter in the total sediment mass of 

sample for segment i; 

 
qsi is the sediment discharge of segment i; d is 

the given diameter; 

n is the number of segments. 

 
In practice, some simplified sampling methods may be designed based on the above principle. Normally, the  same 

sampling method for both measurements of cross-sectional mean sediment mass concentration and cross- sectional particle 

size analysis may be used. 

 

7.3 CONVENTIONAL METHOD 
 

7.3.1 General - The conventional method is designed for measurement of cross-sectional mean 

sediment mass concentration in accordance with the discharge-weighted principle. In this 

International Standard, the sediment discharge method and the method for combining samples 

collected in a cross-section are specified with respect to their characteristics. 
 

7.3.2 Sediment discharge method (for measurement of sediment mass concentration) 
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7.3.2.1 Cross-sectional mean sediment mass concentration - In this method the cross-section is 

divided into several segments by verticals along the cross-section and the velocity and sediment 
mass concentration are measured by the selected point method or depth integration method in 

each vertical. The flow discharge and sediment discharge of each segment are  calculated and 

totalled respectively as the total cross-sectional flow discharge and sediment discharge. The ratio 
of the cross- sectional sediment discharge to the cross-sectional flow discharge is taken as the 

cross-sectional mean sediment mass concentration. 
 

The cross-sectional mean sediment mass concentration expressed by Equation (5). 

 

 

 A determined by the sediment discharge method can be where 

qsi and qi are the sediment discharge and flow discharge passing through segment i, respectively; 

 

 i   and v I     are the mean sediment mass concentration and mean velocity of segment i, respectively; 

 

hi   and bi are the mean flow depth and surface width of segment i; n 

 is the number of segments. 

Two methods, namely the mid-section method and mean-section method, are used to calculate the segmental 
 

 

sediment discharge and segmental flow discharge (see ISO 748). In using the mid-section method, 

 i 

 

and vi 
 

 

are 

the vertical mean 

values, hi 

is the vertical depth. In using the mean-section 

method, 

 vi , 

i 
and hi 

, 

 
 

are 

the 

average values of two neighboring verticals. 

 
7.3.2.2 Methods for selecting verticals 

 
Factors such as the shape and stability of the cross-section, characteristics of lateral distribution of sediment, sampling 

devices and methods, and requirement for accuracy shall be considered comprehensively for the  method for selecting 

verticals. The following two methods are available. 

 
a) Method for selecting verticals at turning points of sediment discharge per unit width: 

 
This method is applicable to the cross-sections with stable shape and lateral distributions of velocity and sediment, and 

clear turning points of sediment discharge per unit width. Its main advantage is that of  obtaining relatively high 

accuracy using fewer verticals. 

 
b) Method for selecting verticals at centre lines of segments with equal discharge: 

 
This method is applicable to stable cross-sections. If it meets the requirements of equal discharge increment 

(EDI) method (see 7.3.2.4), the EDI method can be used directly. 

 
         
 

7.3.2.3 Number of verticals - The number of verticals shall be determined by analysing experimental data 

so as to meet the requirements for accuracy. Generally, it shall not be less than seven verticals 
for a water surface width larger than 300 m or it shall not be less than five verticals for a water 

surface width smaller than 300 m. 
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In measuring both sediment and velocity simultaneously, the number of verticals should be determined by the 

requirements for discharge measurement, as this is generally more than is required for the measurement of  

suspended sediment load. 

 

 
Note 1 – When the investigation is not important enough to merit preliminary experiments, Table 2 may be used as a guide for locating the number 
of verticals and their approximate location across the section.  It is not always correct unless a considerable amount of preliminary work has been 
done at a given sampling cross-section which justifies it to assume a relationship between distribution of concentration in motion and velocity. 
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TABLE 1 METHOD OF SELECTING SAMPLING POINTS IN A VERTICAL 

SL 

NO 

METHOD AND DESCRIPTION DISCUSSION RELIABILITY AND ACCURACY FOR DETERMINING PRACTICAL CONSIDERATION NUMBER OF SAMPLES 

AND ANALYSIS PER 

VERTICAL 

   Concentration Only* Concentration and 

Particle Size 

  

(1) (2) (3) (4) (5) (6) (7) 

i) Single-point A single sample 

secured at the surface 

Arbitrary method unless 

coefficients have been 

determined from previous, 

more complete sampling, 

and then it is somewhat 

empirical 

Not reliable or necessarily 

accurate even when a 

coefficient has been 

determined 

Not at all reliable or 

accurate 

Simplest of all present methods, 

rapid and easy to use. Readily 

adapted for use by unskilled 

observers. 

Requires previous, more exact 

sampling for justification 

One sample and one 

laboratory analysis 

ii) Single-point 
A single sample secured at any 

point in the vertical other than 

the surface 

Arbitrary method unless 

coefficients have been 

determined from previous, 

more complete sampling, and 

then it is somewhat empirical. 

A common arbitrary point has 

been 0.6 depth 

Generally not reliable or 

accurate even when a coefficient 

has been determined, but more 

so than a single surface sample. 

Thoroughness of preliminary 

investigations will determine, 

somewhat, the reliability and 

accuracy 

Not reliable or accurate Simple, rapid, and easy to use, but 

fractional depth measurements 

make it less adaptable to use by 

unskilled observers than single 

surface method. Requires 

previous, more exact sampling for 

justification 

One sample and one 

laboratory analysis 

iii) Two-point 
Two points selected 

arbitrarily for convenience 

and adaptability to the skill 
of the Observor 

Arbitrary method with no 

rational justification 

Generally not reliable or accurate 

for all conditions of a given 

stream 

Generally not reliable or 

accurate 

Fairly simple, rapid, and easy to 

use. May be used by dependable 

observers even though 

inexperienced 

Two samples may be 

combined if of equal 

volume for a single 

analysis 

iv) Three-point 
Arbitrary selection of points at 

surface, mid depth and bottom 

with equal weights 

Points located arbitrarily Not necessarily reliable or 

accurate for all stream 

conditions 

Not necessarily reliable or 

accurate 

Sampling at surface, mid- depth, 

and bottom is the most simple and 

easiest to use of all methods 

requiring more than two samples 

may be used by dependable 

observers even 
though inexperienced 

Three samples may be 

combined if of equal 

volume for a single 

analysis 

v) Three-point 
Arbitrary selection of points at 

surface, mid-depth, and 

bottom with weights of 1, 2, 

and 1 applied, respectively 

Basis of method is the 

assumption that the averages 

of surface and mid-depth 

sample represent upper-half of 

discharge and average of mid-

depth and 
bottom represents lower-half 

Not necessarily reliable or 

accurate for all stream 

condition 

Not necessarily reliable or 

accurate, but more so 

than three points, surface 

mid-depth, and bottom 

with equal weights 

Sampling at surface, mid- depth, 

and bottom is the simplest and the 

easiest to use of all methods 

requiring more than two samples. 

May be 

used by dependable observers 

even though inexperienced 

Three samples. If of 

equal volume, surface 

and bottom samples 

may be combined for 

single analysis 

vi) Precise 
A relatively large number of 

point samples at known 

locations in each vertical, 

simultaneous with velocity 

measurements 

Rational method for use 

primarily in special 
investigations. Number of 

sampling points depends upon 

depth of stream, the velocity 

and sediment 

distribution, and the degree of 

accuracy desired. 

Reliable and accurate. Accuracy 

depends upon the curvature of 
the velocity and sediment 

distribution curves and number 

of samples. The most accurate 

method in use at present 

Reliable and accurate. 

Accuracy depends upon 
curvature of particle 

distribution. curves, and 

number of samples. The 

most 

accurate method in use at 

present 

Not adapted to routine sampling 

because of the excessive work 
required. Its use is limited to 

research or preliminary 

investigations. Laboratory work 

excessive as 

all samples must be analysed 

separately 

Minimum of four or 

five samples all to be 
analysed separately 

*For methods where coefficients are used, comments apply only to individual observations or short period investigations, as over long periods, totals may have a fair degree of accuracy. 

Contd.. 
TABLE 1 METHOD OF SELECTING SAMPLING POINTS IN A VERTICAL……contd….  

SL NO METHOD AND DESCRIPTION DISCUSSION RELIABILITY AND ACCURACY FOR PRACTICAL NUMBER OF 
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   DETERMINING CONSIDERATION SAMPLES AND 

ANALYSIS PER 
VERTICAL 

   Concentration Only* Concentration and 

Particle Size 

  

(1) (2) (3) (4) (5) (6) (7) 

vii) Straub 
Sampling at 0.2 and 0.8 depth, applying 

coefficient obtained by mathematical 

derivation for both linear and curvilinear 

sediment distribution for linear distribution 

values weighted 5/8 and 3/8 for 0.2 and 0.8 

depth, 
respectively 

Rational method, best 
adapted for use where the 

vertical sediment 

distribution curve 

approximates a straight 

line and the velocity 

distribution is fairly 
constant 

Accuracy and reliability 
depends almost entirely 

upon the agreement of the 

actual to the assumed 

sediment and velocity. In 

most cases quite reliable 

Theoretically not sound if 
sediment distribution is 

curvilinear, but, 

practically, one of the 

most reliable methods 

Field work relatively 
simple for skilled 

observer but adaptable 

also to dependable 

observers, even though 

inexperienced 

Two samples and two 

analyses 

Viii) Luby 
Sampling points selected at the middle of 

increments of depth representing equal 

portions of stream discharge 

Rational method if a 

sufficient number of 

samples are collected. The 

samples if of equal 

volume, may be combined 

and the composite is 

representative of the mean 

concentration and 

composition in the 

vertical. Number of points 

with respect to depth 

depends primarily upon 

curvature of sediment 

distribution curve; to a 
lesser extent, generally, 

upon 

curvature of vertical 

velocity curve 

Reliable and accurate if a 

sufficient number of 

samples are collected. 

One of the most reliable 

and accurate, of the 

present methods except 

the precise 

Fairly reliable and 

accurate if a sufficient 

number of samples are 

collected. One of the 

most reliable and 

accurate of the present 

methods except the 

precise. Enough samples 

should be taken so that 

one will be close to the 

stream bed 

Requires either an 

assumed velocity 

distribution or previous 

velocity measurements. 

Too complicated for use 

except by trained 

hydrographers. Because of 

sampling more points a 

better representation of the 

actual sediment 

distribution will probably 

be obtained than with the 

Straub method 

Minimum of five 

samples. May be 

combined if of equal 

volume for a single 

analysis 

ix) Depth-integration 
Single sample collected from all points in 

the vertical usually obtained by lowering 

and raising a slow filling sampler at 

constant rate. These usually consist of 

ordinary milk bottle types or specially 

designed slow-filling samplers 

Rational method only it 

sample is collected 

proportional to velocity 

Relatively reliable under 

usual conditions but its 

accuracy varies as most of 

the present equipment 

does not sample 

proportional to the 

velocity and many 

samplers do not approach 
close enough to the 

bottom. As used, accuracy 

depends upon depth of 

stream and 
type of sampler 

Relatively reliable under 

usual conditions but its 

accuracy varies as most of 

the present equipment 

does not sample 

proportional to the 

velocity and many 

samplers do not approach 
close enough to the 

bottom. As used, accuracy 

depends upon depth of 

stream and 
type of sampler 

As commonly used with 

simple slow-filling 

samplers this method is 

simple, rapid, easy to use, 

and well adapted to 

dependable observers, 

even though 

inexperienced. No 
previous measurements 

necessary 

One sample and one 

analysis 

*For methods where coefficients are used, comments apply only to individual observations or short period investigations, as over long periods, totals may have a fair degree of accuracy. 
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TABLE 2 SELECTION OF VERTICALS 

( Clause 7.3.2.3, Note 1 ) 

SL 
NO. 

WIDTH OF 
THE RIVER 

NUMBER OF 
VERTICALS 

LOCATION OF VERTICALS IN 
NORMAL SECTION WITH 

SLOPING SIDES 

LOCATION OF VERTICALS IN 
STREAMS OF UNIFORM DEPTH 

AND VELOCITY 

(1) (2) (3) (4) (5) 

i) Less than 
30 m 

3 25, 50 and 75 percent of the 
width 

17, 50 and 83 percent of the 
width 

ii) 30 – 300 m 5 20, 35, 50, 65 and 80 percent of the 

width 
10, 30, 50, 70 and 90 percent of 

the width 

iii) Over 300 m 7 15, 30, 40, 50, 60, 70 and 85 
percent of the width 

7, 21, 36, 50, 64, 79 and 93 
percent of the width 

NOTE — These are suggested for tentative adoption in natural and artificial channels until by experimentation more suitable location 
and spacing of verticals are determined. 

 

 

7.3.2.4 Methods for sediment sampling in a vertical 

 
In using the sediment discharge method to measure sediment, the point velocity or mean velocity in a vertical shall be measured 

simultaneously. The following three methods are available. 

 
a) Depth-integration method: 

 
In the depth-integration method, the time-integration type sampler is moved at a uniform transit rate along the vertical. In 

sampling, the moving rate of the sampler, volume of the sample should match the water depth and flow velocity. The 

method is highly accurate when the water is deep, the sampler is moved slowly and the  effect of unmeasured layer near 

the bed is negligible. 

 
b) Selected-point method: 

 
It includes the two-point method (0,2h and 0,8h from water surface, where h is total vertical depth of the water), the three-

point method (0,2h, 0,6h, and 0,8h from water surface), the five-point method [near water surface, 0,2h, 0,6h, and 0,8h 

from water surface, and near bottom (0,95h to 0,98h)]. The one-point method (0,6h from water surface) can be used for 

either low water depth or lower accuracy requirements. 

 
NOTE The accuracy of the method for sediment sampling in a vertical can be improved by increasing the number of sampling points in 

a vertical. In this case, the seven-point method (see annex A) is usually used. 

 
c) Method for combining samples collected in a vertical: 

 
All the samples collected in a vertical are put together as one sample and its mass concentration is taken as  the vertical 

mean sediment mass concentration. 

 
The sampling points and duration for the method for combining samples collected in a vertical often used are  listed in 

Table 3. 

 
Table 3 — Sampling points and duration for the method of combining samples 

 

Method Relative depth of points (from water surface) a Sampling durationsb
 

Two-point 0,2h; 0,8h 0,5t; 0,5t 

Three-point 0,2h; 0,6h; 0,8h t/3, t/3; t/3 

Five-point 
Near surface, 0,2h; 0,6h; 0,8h 

near riverbed 
0,1t; 0,3t; 0,3t; 0,2t; 0,1t 
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d) One-Point Method 

 
In this method the sampler shall be immersed to the point of mean sediment concentration in motion as determined  from the 

preliminary experiments given below: 

 
The procedures for obtaining the mean sediment discharge per unit area and the mean sediment concentration in  motion at the 

vertical are: a) Draw the velocity distribution and sediment concentration curves as in Fig. 1A and 1B.  The curves shall be 

drawn up to the sampled zone. b) Find the products of c (concentration) × v (velocity) at  corresponding points and draw the rate 

of sediment discharge curve as in Fig. 1C. c) Assuming unit width, find the areas of Fig. 1A ( qw ) and Fig. 1B ( qs ). This may 

be done graphically by planimetering or numerically by a rule such as the trapezoidal rule. These areas directly give the water 

and sediment discharges. 

 
The depth from the surface at which to take the water sediment sample corresponding to the mea n concentration in motion may 

be obtained from Fig. 1. The sediment concentration of the sample taken at this depth, is multiplied by qw (that is, water 

discharge per unit width in the vertical) to get the suspended sediment discharge per unit width in  the vertical qs. The mean 

suspended sediment discharge per unit area is obtained by dividing qs by D, the depth of the sampled zone. 

 
If the sample is taken at one point only of a single vertical at the centre of the stream the position in the vertical at  which the 

sample is taken should be that at which the concentration of suspended load is the mean concentration of suspended load in 

motion for the whole cross-section. If this is not known, then the sample is taken at  the position on the central vertical where 

the concentration is the mean concentration of suspended load in motion in that vertical. This concentration is multiplied by the 

discharge of the stream to give the total suspended sediment load. 

 
More correctly the value of the concentration should be multiplied by the discharge of the sampled area of the stream but since 

this is usually not known, the concentration is multiplied by the total discharge, as an approximation. 

 
Since the sediment concentration distribution curve is different for  different size ranges, a  sample taken at the mean sediment 

concentration point (for the sample as a whole) will not generally give the true  size  distribution. Only a composite 

representative sample taken either by a depth integrating sampler or made up of point samples taken at more than one point on 

the vertical and weighted in proportion to velocity can give the overall average concentration and size distribution of the 

sediment load in motion. If the point sampling method is used it is better to make a size analysis on each sample and to plot 

the product of the velocity and the concentration of particles in a given size range against the depth. 4.6.2.4 In the absence of 

previous experiments, a common practice has been to sample at 0.5 or 0.6 depths, but this method will give only approximate 

results for the  overall  mean concentration. Size distribution may not be obtained by this method. 

 
At times, were sampling at the position of mean concentration of sediment in motion is not possible (for example, in hilly or 

boulder streams flowing at high velocity) the samples are collected from a point near the surface and their  values multiplied by 

an appropriate factor (if any), determined from preliminary experiments for converting the concentration at the surface to 

approximate mean concentration in motion. This conversion factor can be strictly applied only to the particular stage of flow 

and the channel and sediment conditions under which it has been obtained. However, size distribution cannot be obtained by 

this method. 

h is total vertical depth of the water. 

t is the total sampling duration in a vertical. 

a 

b 

NOTE     Generally, the accuracy of the vertical mean sediment increases as the number of sampling points in the vertical 

increases. An accurate measurement of the vertical mean sediment concentration also can be obtained using the 

depth-integration method when the water depth does not exceed 4,5 m. 

In using the selected-point method, a relatively long duration of sampling can eliminate the effect of fluctuation between 

measured points. The depth-integration method takes samples over the whole vertical, so that a good spatial representative 

sampling can be obtained. However the sampling is instantaneous and fluctuation effects are eliminated by random 

compensation of all sampling points. Both the selected-point method and depth- integration method have their own 

advantages and disadvantages. 

In accuracy tests, the seven-point method is commonly used as a standard method to evaluate the accuracy of other vertical 

sampling methods (see A.4). 
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Fig. 1: Sediment Discharge Computation 
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7.3.3 Other Methods for Determining Average Sediment Concentration 

 
7.3.3.1 Straub method 

 
In this method, samples are taken at 0.2 depth and 0.8 depth and the values are  weighted  5/8  and  3/8 respectively as given 

below: 

 
Cm = 3/8 x C0.8h + 5/8 x C0.2h 

 
The method is satisfactory for determining the sediment concentration in motion over a considerable range of  conditions, but 

not reliable for sediment size distribution. 

 
7.3.3.2 Luby method 

 

In the Luby method the samples are obtained from areas of equal discharge. To obtain samples representing equal 

portion of the water discharge the area under the vertical velocity curve is divided into equal parts and the  sampling points are to 

be located at the centroids of these areas. Equal volumes of the  samples  should  be combined and the composite sample used to 

determine both the mean sediment concentration in motion and the particle size distribution in the vertical. 

 

Note: A Comparative summary of the sampling methods and their reliability is given in Table 1 

 
7.3.3.3 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 approaching flow and that by traversing the depth of  the stream  at a uniform speed the 

sampler will receive at every point in the vertical a sample of the water sediment mixture, at a rate which will be 

proportional to instantaneous velocity. Only a slow-filling type of sampler shall be used for depth integration. The sampler 

shall be lowered  to the  bottom  of the  stream  at  a  uniform rate  and shall be  raised again without pausing at the bottom to the 

surface at a uniform but not necessarily at the  same rate, sampling continuously during both periods of transit, or it may be 

designed to  sample at a uniform rate one way only. However, if the sampler is opened at the bottom of the vertical and 

is integrated on the ascending trip only, a specially designed sampler should be used where the air  pressure  in  the  container  

at  the  time  of opening is balanced by the hydrostatic pressure surrounding the sampler. The depth integration  method  of 

sampling requires only one sample from each vertical and gives fairly reliable average of the size distribution of the 

particles of the stream. This method offers easier field procedure for computation  of  suspended  sediment loads. Use of the 

Water Surface 

1A Velocity Distribution 1B Sediment Concentration Distribution  1C Sediment Discharge Distribution 
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depth integrating sampler is only possible if the sampler can be lowered to the bottom and raised again to the surface 

before the sample container fills with water. The depth of water in which it may be 
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used varies inversely as the product of the velocity and the size of the sampling nozzle. Under favourable circumstances it may 

be used to sample in depths up to 6 m. 

 
7.3.4 Methods for combining samples collected in a cross-section 

 
7.3.4.1 General 

 
There are three principal methods for combining samples collected in a cross-section. These methods are given in 

7.3.3.2 to 7.3.3.4. Details for technical requirements and examples of methods for combining samples collected in a cross-

section are given in annex B. 

 
7.3.4.2 Equal-width-increment (EWI) method 

 
In this method, the cross-section is divided into several segments of equal width. Select the verticals at the centrelines of 

segments. In each vertical, determine the mean sediment mass concentration using the 

depth-integration method and/or the point sampling technique. Measure the velocity. Keep the nozzle diameter of  the 

sampler constant. Combine samples collected in all verticals in the cross-section into one sample and take the sediment mass 

concentration as the cross-sectional mean sediment mass concentration. 

 
7.3.4.3 Equal-area-increment (EAI) method 

 
In this method, the cross-section is divided into several segments of equal area. Select the verticals at the centre of  segments. In 

each vertical, determine the mean sediment mass concentration using the depth-integration method and/or point sampling 

technique. Keep the same sampling duration for all verticals. Keep the nozzle diameter of the sampler constant. Measure the 

velocity. Combine samples collected in all verticals into one sample and take the sediment mass concentration as the cross-

sectional mean sediment mass concentration. 

 
7.3.4.4 Equal-discharge-increment (EDI) method 

 
In this method, a curve is obtained by plotting the percentage of cumulative discharge against the distance from the  left side or 

right side of the water surface using the discharge data. Using the curve, divide the cross-section into several segments with 

equal discharge. Select the verticals at the segment centrelines. In each vertical, determine  the mean sediment mass 

concentration using the depth-integration method and/or the point sampling technique. Collect the same volume from each 

vertical. Measure the velocity. Then combine all samples collected in the cross - section into one sample and take the sediment 

mass concentration as the cross-sectional mean sediment mass concentration. 

 
If the volumes collected in verticals are not equal, treat each sample separately. Take the average value of  sediment mass 

concentrations from all verticals as the cross-sectional sediment mass concentration. 

 
7.3.5 Sampling methods for particle size analysis 

 
Another set of samples may be collected in all or a part of verticals for measurement of sediment mass concentration using the 

same or different methods specifically for particle size analysis. 

 

7.4 Simplified method 
 

7.4.1 General 

 
This method is a method for measurement of sediment mass concentration and particle size distribution in one or a few 

verticals which are representative of the cross-sectional mean sediment mass concentration and the mean particle size 

distribution. 

 
7.4.2 Measurement of sediment mass concentration 

 
7.4.2.1 Selection of sampling verticals 

 
In the simplified method, it is necessary to statistically analyse the measured data and then to select verticals in a  cross-section. 

The ratio of the sediment mass concentration, obtained by the simplified method, to the cross- sectional mean sediment mass 

concentration, obtained by the conventional method, shall be in the range of 0,90 to 1,10. 

 
Sampling only in a fixed vertical is permissible if it has been established beforehand that the lateral sediment mass 

concentration is stable. Otherwise, two to three verticals shall be selected based on data analysis. For composite  cross-sections 

where the lateral sediment mass concentration distribution varies largely with water levels, the  position of the verticals shall be 
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selected with respect to the water levels and the data analysis. 
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7.4.2.2 Sampling method in verticals 

 
The depth-integration method and method for combining samples collected in a vertical are normally to be used. 

 
In depth-integration sampling for either a round trip of lifting and lowering or for a repeated single trip from the bottom to the 

surface, use the sampler in the suspension mode. 

 

7.4.3 Sampling method for particle size analysis 

 
In sampling by the simplified method, the particle size distribution of sample shall be representative or have  a stable 

relationship with the cross-sectional mean particle size distribution. Consequently, the sampling method and the location of 

verticals have to be selected using a statistical analysis of the data. Generally, the method can be the same as that used for the 

measurement of sediment mass concentration. The sample used for the measurement of the sediment mass concentration using 

the simplified method can also be used for particle size analysis. If the lateral sediment particle size distribution is uneven and 

the particle size distribution of one vertical has a systematic error, samples from three verticals at the thalweg, on the left side 

and the right side of the thalweg shall be collected respectively, then mixed for particle size analysis to give a more 

representative sample. 

 
7.4.4 Conditions for using the simplified method 

 
If the results of the conventional and simplified methods agree well in comparing tests and the conversion coefficient between 

them meets the requirements for cross-sections having a stable channel bed, lateral discharge and sediment mass concentration 

distributions, then the simplified method may be used fully for later measurements of the suspended sediment. 

 

7.5 Distribution and requirements of measurements 
 

7.5.1 General 

 
The distribution of measurements is comprised of two aspects, their frequency and time intervals between measurements. 

Inadequate and irregular measurements affect the accuracy of long-term sediment discharge, particle size distribution and their 

characteristic values. 

 
7.5.2 Distribution of measurements for sediment mass concentration 

 
The distribution of suspended sediment mass concentration and sediment load generally varies over a period of a  year. 

Therefore, to cover the range in water discharge and sediment mass concentration, it is preferable to make  regular 

measurements of sediment mass concentration throughout the year. 

 
In the dry season, if the sediment load over three consecutive months is less than 3,0 % of the annual average sediment load 

and there is no special need, sediment measurements for this period may be stopped. The sediment  load during this period can 

be estimated to be zero. 

 
7.5.3 Distribution of measurements for particle size analysis 

 
The suspended sediment particle size distribution varies with the season and is also related to the sediment  source. Most of the 

measurements of particle size distribution should be carried out in the flood season  to represent the temporal variation of the 

particle size distribution. For hydrological stations where the particle size distribution for different periods is not required, 

several samples per year may be collected for measurement of particle size distribution. 

 
Generally, long-term measurement of sediment particle size distribution need not be carried out as the particle size  distribution 

is unlikely to change significantly between years. After the data of wet, dry, and normal  years have been obtained, the 

measurement of sediment particle size distribution can be stopped. 

 
Depending upon requirements, the measurement of the sediment mass concentration may or may not be performed 

simultaneously with the measurement of the particle size distribution. 
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7.6 Additional information 
 

For proper use of sediment measurement data, additional information is required. Therefore, for each suspended  sediment 

measurement, the following information shall be recorded in relation to the purpose of the measurement: 

 
a) river (name); 

 
b) river width and maximum depth; 

 
c) site (name of hydrological station); 

 
d) operator’s name; 

 
e) date; 

 
f) weather conditions; 

 
g) wind direction and speed; 

 
h) air temperature; 

 
i) water temperature; 

 
j) sampler used; 

 
k) time of sampling, i.e. from ... to ...; 

 
l) gauge reading and discharge (at the beginning of measurement); 

 
m) gauge reading and discharge (at the end of measurement); 

 
n) water surface slope; 

 
o) any other measurements taken simultaneously with the suspended sediment measurement (for example, discharge 

measurement, bed load and bed material sampling, ice measurement, etc.). 

 

7.7 Source and control of errors 
 

7.7.1 General 

 
Errors made when making sediment measurements mainly originate from the methods, the devices, the operation  technology, 

the treatment of samples and the technology of size analysis. All of these errors may cause relatively large systematic errors. 

Therefore, systematic errors, having been confirmed by data analysis, shall be effectively kept under control. Similarly, 

random errors shall be kept to a minimum. 

 
7.7.2 Conventional method 

 
7.7.2.1 In taking samples by the depth integration method, the water depth shall not be too shallow. The distance 

between the sampler nozzle and the riverbed shall not be larger than 5 % of the vertical depth; and the  sampler shall be moved 

at a uniform transit rate. The ratio of the flow velocity at the entrance of the intake tube to the local stream velocity shall be 

close to 1,0. The sampler cannot stay near the riverbed when its intake is open. If  the deviation of the cable suspending the 

sampler from the vertical exceeds 30o in fast flow, the depth 

integration method is unsuitable. 

 
7.7.2.2 In taking samples by the selected-point method, the sampling points shall be appropriately located. For the five-

point method, the lowest sampling point shall be located at a relative depth of 0,95 to 0,98. 

 
7.7.2.3 Verticals for sediment sampling shall be placed at the turning points of lateral distribution of water  depth, flow 

velocity and sediment mass concentration. The number of verticals shall not be less than half of that for  the velocity 

measurement. 

 
7.7.2.4 The accuracy of various methods for combining samples collected in a cross-section shall be checked by the 

sediment discharge method. The selected method shall meet the requirement of accuracy. 
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7.7.3 Simplified method 

 
The positions of verticals in the simplified method shall be determined by data analysis. The ratio of the sediment  mass 

concentration by the simplified method to the cross-sectional mean sediment mass concentration by the sediment discharge 

method shall be in the range of 0,95 to 1,05. If the ratio is outside this range, the positions of 

the  verticals  shall  be  readjusted.  Significant  systematic  deviation  shall  not  exist  between  the  particle  size 

distribution by the simplified method and the cross-sectional mean particle size distribution by the sediment  discharge method. 

Otherwise, the positions of verticals shall be readjusted to meet the requirements of accuracy. 

 
Sampling using the simplified method shall be repeated once. 

 

8 CALCULATION 
 

8.1 Sediment discharge and mass concentration 
 

8.1.1 Sediment mass concentration 

 
If using the mass of dry sediment in a unit volume of water-sediment mixture to express sediment mass concentration, the 

sediment mass concentration of the sample can be calculated by the following equation: 

 

  
m

 

V 

 
where 

 is the sediment mass concentration, expressed in the unit specified in 4.2 a); 

 
m is the mass, expressed in milligrams, grams or kilograms, of dry sediment in the sample; 

 
V is the volume, expressed in litres or cubic metres, of the sample. 

 
The sediment mass concentration of the sample determined using the depth integration method or the method for  combining 

samples collected in a vertical can be taken as the vertical mean sediment mass concentration. The sediment mass 

concentration of the sample determined using the method for combining samples collected in a  cross-section can be taken as 

the cross-sectional mean sediment mass concentration. 

 
The readings of an in-situ measurement device or its transmitted readings can be taken as the measured sediment mass 

concentration. 

 
The sediment mass concentration can be expressed in other forms by deriving its definition or  converting Equations (1) and 

(2). 

 
8.1.2 Mean sediment mass concentration in a vertical 

 
8.1.2.1 When sampling using the depth integration method or the method for combining samples collected in a  vertical, 

the sediment mass concentration can be taken as the mean sediment mass concentration in a vertical. 

 
8.1.2.2 When sampling using the selected point method and measuring the velocity, the mean sediment mass 

concentration in a vertical,  v , can be calculated by one of the following equations. 

 
For the two-point method: 

 

 v  
v0,2  0,2  v0,8  0,8 

v 0,2  v0,8 

 
 

(7) 

 

For the three-point method: 

 

 v  
v0,2  0,2  v0,6  0,6  v0,8  0,8 

v 0,2  v 0,6  v 0,8 

 
 

 
(8) 
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For the five-point method: 

 
where 

 
(9) 

 

v 0,0 ,v 0,2,...v1,0 

 

 0,0 ,  0,2,... 1,0 

are the velocities, expressed in metres per second (m/s), at the points 0,0h, 0,2h, ...1,0h from the water 

surface, respectively; 

are the sediment mass concentration (mg/l, g/l or kg/m3) at the points of 0,0h, 0,2h, ...1,0h from the 

water surface, respectively. 

 

  

NOTE 1,0 is the sediment mass concentration at the level closest to the river bed. 

8.1.3 Cross-sectional sediment discharge and mean sediment mass concentration 

 
8.1.3.1 The universal equation for the calculation of the cross-sectional sediment discharge QA,s is: 

  

 

 

 

 

 
(10) 

 

where qsi, i and qi are the sediment discharge, sediment mass concentration, and flow discharge of segment i, respectively. 

 

In calculating the segmental sediment discharge by the mid-section method, i is the mean sediment mass concentration 
of vertical i. 

 

In calculating the segmental sediment discharge by the mean-section method, i, is the average sediment mass concentration 
of two neighboring verticals of segment i. 

 

8.1.3.2 The cross-sectional mean sediment mass concentration,    A 

Equation (11): 

 

 

 
 

where 

 
QA     is the cross-sectional flow discharge; 

QA,s is the cross-sectional sediment discharge. 

8.2 Calculation of particle size distribution 
 

8.2.1 Vertical mean particle size distribution 

can be calculated in accordance with 

 

8.2.1.1 The particle size distribution resulting from using the depth integration method or using the method for 

combining samples collected in a vertical can be taken as the vertical mean particle size distribution. 
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8.2.1.2 In taking samples and measuring velocity by the selected point method, the vertical mean particle size  

distribution wd,v , i.e. the percentage (%) of the mass of sediment finer than a given diameter accounting for the total sediment 

mass of the sample, can be calculated by the following equations: 

 

For the two-point method: 

 

wd,v  
wd 0,2v0,2  0,2  wd 0,8v0,8  0,8 

v 0,2  0,2  v0,8  0,8 

 

 

 
(12) 

 

For the three-point method: 

 

wd,v  
wd 0,2v0,2  0,2  wd 0,6v0,6  0,6  wd 0,8v0,8  0,8 

v 0,2  0,2  v0,6  0,6  v0,8  0,8 

 

 

 
(13) 

 

For the five-point method: 

 
 

 

wd,v  
wd 0,0v0,0 

 
0,0  3wd 0,2v0,2 

 
0,2  3wd 0,6v0,6 

 
0,6  2wd 0,8v0,8 

 
0,8  wd1,0v1,0 


1,0 

v 0,0  0,0  3v 0,2  0,2  3v0,6  0,6  2v0,8  0,8  v1,0 1,0 

 

(14) 

 

where wd0,0, wd0,2, ..., wd1,0 are the percentages (%) of the masses of sediment finer than the given diameter at the points of 

0,0h, 0,2h, ..., 1,0h from the water surface accounting for the total sediment mass of the sample, respectively. 

 
8.2.2 Cross-sectional mean particle size distribution 

 
The cross-sectional mean particle size distribution can be determined by the following. 

 
a) Particle size distribution resulting from the sample combined to obtain cross-sectional mean sediment mass 

concentration may be taken as the cross-sectional mean particle size distribution. 

 
b) In the case where data from individual samples are to be used, the cross-sectional mean particle size distribution 

can be calculated from Equation (4). 

 

9 ESTIMATION OF RANDOM UNCERTAINTY AND SYSTEMATIC ERROR FOR 

MEASUREMENT OF SUSPENDED SEDIMENT 
 

9.1 General 
 

The mass concentration and the particle size distribution of suspended sediment are dynamic variables without  repeatability. It 

is impossible to measure them directly, without error at a point, or indirectly as the cross-sectional mean values. The aims of 

setting up this International Standard are to keep systematic error strictly under control,  to minimize random error and to 

eliminate any false error so as to ensure the necessary accuracy of measurement and to check and evaluate the quality of 

measurements. 

 
Error and uncertainty are two different but relevant variables. Error is defined as the difference between the  observed and the 

true values. Uncertainty is defined as a range in which the true value of the measured variable is  expected to fall at a specified 

probability. In this International Standard, the probability is specified as 95 %, the corresponding uncertainty is 1,96 times the 

standard error. 

 
As relatively large systematic error easily occurs in the measurement of suspended sediment, it is the main factor  affecting 

measurement quality but it can be identified and kept under control. Therefore in this International  Standard, random error and 

systematic error are treated individually. 
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9.2 Sources of error 
 

Measurements of different sediment characteristics have different sources of error. Errors in the measurement of  cross-

sectional  sediment  discharge  include  all  the  component   errors  for  the  measurement  of   flow discharge specified in ISO 

748. Errors in the measurement  of  cross-sectional  mean  sediment  mass concentration  mainly depend   on  the  samplers,  

the  sampling  duration,  the  sampling  methods  in   verticals, the methods  of  sample treatment and the selection of verticals. 

Errors in the measurement of flow discharge having only a weighted function can be neglected. In this International 

Standard, only errors in the measurement of the cross-sectional mean sediment mass concentration are considered. 

 
Errors in the measurement of cross-sectional mean particle size distribution originate mainly from sampling, sample preparation 

and size analysis. Therefore, only errors made from sampling are considered in this International Standard. 

 
The estimation of the uncertainty of cross-sectional sediment discharge requires the analysis of errors associated with the 

cross-sectional flow discharge and the mean sediment mass concentration. The estimation of the uncertainty of flow discharge 

can be conducted in accordance with ISO 748. 

 
According to the principles of measurement, the random uncertainty and systematic errors of the cross -sectional mean 

sediment mass concentration are composed of two component errors, i.e. the error of the vertical mean  sediment mass 

concentration and the error due to limited verticals (calculation principles). 

 

9.3 Estimation of component errors 
 

9.3.1 The errors of vertical mean sediment mass concentration consist of the following: 

 
a) the error due to sampler, defined as the deviation of measurement by a sampler under normal working conditions 

from that by a standard sampler and includes random uncertainty er,c and systematic error es,c; 

b) the error due to sample treatment, defined as the error due to the methods or operations for the measurement of sediment 

mass concentration and includes random uncertainty er,s and systematic error es,s; 

c) the CI-type error, defined as the fluctuation error due to limited sampling duration at a point in a vertical and its random 

uncertainty is er,e; 

d) the CII-type error, defined as the error of the vertical mean sediment mass concentration due to limited sampling 

points and calculation principle and includes random uncertainty er,p and systematic error es,p. 

9.3.2 The CIII-type error is defined as the error of the cross-sectional mean sediment mass concentration due to limited 

verticals and calculation principles and includes random uncertainty er,n and systematic error es,n. 

9.4 Total random uncertainty for measurement of cross-sectional mean sediment mass 
concentration 

 
If the error of flow discharge is not considered, the total random uncertainty of one measurement of cross -sectional mean 

sediment mass concentration, e  A 
, can be calculated by the following equation: 

 

If the segmental sediment discharges in a cross-section are roughly equal, Equation (15) can be simplified as 

 

 

 
 

  

If the segmental sediment discharges in a cross-section are not equal, Equation (15) can be simplified as 

(16) 
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(17) 

 

where 

 
er,n   is the random uncertainty due to limited verticals and calculation principles; 

er,e is the random uncertainty due to fluctuation; 

er,c   is the random uncertainty due to sampler; 

er,s   is the random uncertainty due to sample treatment; 

er,p    is the random uncertainty due to limited measurement points and calculation principles; 

n is the number of segments in a cross-section; 

 
k    is a coefficient to modify the effect of uneven distribution of the segmental sediment discharge. k can be 

determined by analysing data and is generally in the range of 1,0 to 1,3. The more uneven the distribution, 

the larger the value. 

 

9.5 Total systematic error for one measurement of cross-sectional mean 
sediment mass concentration 

 
If the signs and values of each component systematic error are known in the sediment measurement, the total 

systematic error is their algebraic sum. If  their  signs  are  unknown,  the  total  systematic uncertainty can be 

calculated by the root-sum-of-square rule. 
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Annex A 
(informative) 

 

Data collection for determining the error in measurement of cross- 
sectional mean sediment mass concentration and estimation of errors 

 

 
A.1 General considerations 

 

To determine the component errors in the measurement of cross-sectional mean sediment mass 

concentration, appropriate methods are to be adopted for data collection with respect to the sources 

of error. Then, calculation is carried out to determine each component error as the basis for 

estimating the total random uncertainty and systematic errors. 

 
From the universal Equation (5) for the calculation of the cross-sectional mean sediment mass 
concentration, it can be seen that the errors in measurement of cross-sectional mean sediment mass 
concentration are mainly composed of the errors in the measurement of vertical mean sediment 
mass concentration ( ρ i ) and the errors due to limited verticals (n) and calculation principles. The 
errors in measurement of vertical mean sediment mass concentration include the errors due to 
sampler, the limited points in a vertical, the calculation principle, the sediment fluctuation error due 
to insufficient sampling duration and the error from sample treatment. Each of these is to be 
experimentally studied. 

 

A.2 Data collection for analysing error due to sampler 
 

A.2.1 Methods and requirements 
 

The error due to the sampler can be determined by making comparative tests with a standard 

sampler 1 ). The comparative tests should include the measurement of the sediment mass 

concentration, the hydraulic efficiency (i.e. velocity coefficient of intake) and the particle size 

distribution. Carry out the tests in a stable flow. First check the sampler. Then operate the standard 

sampler simultaneously with the sampler to be tested under the same flow conditions making sure 

there is no disturbance from the other sampler. In a set of comparative tests, it is necessary to 

collect between 20 to 30 samples by each of the two samplers at the same place and to 

simultaneously measure the flow velocity. When half of samples have been collected, exchange the 

suspension positions of the two samplers and then take the second half of samples. Carry out these 

tests at different sediment mass concentrations. 
 

A.2.2 Calculation of errors 

 
The results measured by the standard sampler are taken to be the standard values. The relative error 
Ei, the relative average error es (i.e. systematic error), and the relative standard deviation σρ of 
sediment mass concentration comparing with the standard values are calculated by the following 
equations: 

The relative error is calculated as follows: 

Ei 
 ρ i  1 

ρ 0i 

 
where ρi and ρ0i are the sediment mass concentrations of the ith measurement by the sampler to be 
checked and the standard sampler, respectively. 

 

 

 

 

 

 

 

 
 

(A.1) 
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n 

The relative average error is calculated as follows: 

1 
n 

es,ρ  Ei 

i1 

 

The relative standard deviation is calculated as follows: 
 

σ ρ 




(A.2) 

 

 

 

 
(A.3) 

 

 
A.3 Data collection for analysing CI-type error (fluctuation error of sediment mass 

concentration) 
 

A.3.1 Methods and requirements 
 

In determining the fluctuation error of sediment mass concentration, if possible, use an in-situ 

automatic recorder (for example, an in-situ nuclear gauge) at a fixed point and record the 

fluctuation of sediment mass concentration every 30 s for a period of 3 min to 5 min. The 

fluctuation cycle varies in the range of 10 s to 10 min. The mass concentration fluctuates more or 

less around the time-averaged value without a given rule. The fluctuation error of sediment mass 

concentration decreases with the increase in sediment mass concentration. 

 

If it is impossible to perform the method above, the fluctuation error of sediment mass 

concentration can be determined by placing a sampler at a fixed point and continuously collecting 

between 20 to 30 samples for the same sampling duration so as to obtain the fluctuation in sediment 

mass concentrations and to analyse its fluctuation error. Carry out the sampling under stable flow 

conditions. Select several representative verticals based on the lateral distribution of sediment mass 

concentration. Collect and make measurements on samples and velocities at points 0,2, 0,6 and 0,8 

of the relative water depth. 

 
A.3.2 Calculation of errors 

 

The fluctuation of sediment mass concentration is a random process and follows the normal 

distribution law. Consequently, only the error due to randomly sampling is estimated. 
 

The relative standard deviation of CI-type error can be calculated by the following equation: 

 

 
 

σ I 


where 

(A.4) 

σI is the relative standard deviation of CI-type error; 

 
ρi is the sediment mass concentration of sample i; 

 
ρ t is the approximate true value of sediment mass concentration by averaging each set of measurements; 

 
n is the number of samples of each set. 

 
In taking samples by the selected point method, the CI-type error of the vertical mean sediment 
mass concentration can be estimated by the following equation: 

1 

n  1 

i1 

n 

E  e 
2 

i s,ρ 



n 
 ρ 

i1  
ρ t 

i  1
 

2 



n  1 
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σ 

 
2 
I,v 

 

 

where 

L 

 
l 1 

 
2 2 
w,l   I 

 
(A.5) 

σI,v is the CI-type vertical relative standard deviation; 

L is the number of points in a vertical; 

 
Kw,l  is the weighted coefficient of sediment mass concentration at a point. For n verticals, it is the 

arithmetic average value of errors of each vertical. 

 

A.4 Data collection for analysing CII-type error 

A.4.1 Methods and requirements 
 

There are three categories of sampling methods for measuring the vertical mean sediment mass 

concentration: 

 
a) the depth-integration method, 

 
b) the selected-point method, and 

 
c) the method for combining samples collected in a vertical. 

 

It is common to take a multi-point method for the measurement of the vertical mean sediment mass 

concentration as the standard to check the accuracy of other methods. In this International Standard, 

a particular sampling method, i.e. seven-point method (near water surface, 0,2h, 0,4h, 0,6h, 0,8h, 

0,9h and near riverbed), is taken as the standard one. 

 
Data from various water levels and sediment mass concentrations in more than 30 verticals is 
collected for the test of CII-type error. The verticals are placed at the thalweg and the points where 
the water depths are 0,6 and 0,3 of the maximum water depth in the wider subsection from the 
thalweg to riverbank. In the verticals, the seven-point method is used for sampling and the velocity 
is measured simultaneously. At each point, sampling is conducted twice and the average value is 
adopted. The samples collected at each point may be used for the particle size analysis. The water 
temperature is measured. If it is necessary to check the accuracy of the depth-integration method, 
the data of comparative tests shall be collected simultaneously. 

A.4.2 Calculation of error 
 

A.4.2.1 The vertical mean sediment mass concentration from the seven-point method can be calculated by 

Equation (A.6) and taken as the approximate true value. 
 

 
 ρ v,t  

v0,0 ρ 0,0 2v0,2 ρ 0,2  2v0,4 ρ 0,4  2v0,6 ρ 0,6  1,5v0,8 ρ 0,8  (1 5η 
1,0 

)v(00,,95ρ 05,9    )  η 1,0 v1,0ρ 1,0 

 

 

where 

v0,0  2v0,2  2v0,4  2v0,6  1,5v0,8  (1 5η 1,0 )v(00,,95  5 ) η 1,0 v1,0  
(A.6) 

ρt is the approximate true value of vertical mean sediment mass concentration; 

 
v0,0, ρ0,0 are the velocity and sediment mass concentration at the river surface, respectively; v1,0, ρ1,0

 are the velocity and sediment mass concentration at the riverbed, respectively;  η1,0 is the 

relative water depth (from the riverbed) of the point near the bed. 

σ K 
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A.4.2.2 In measurement of vertical mean sediment mass concentration by using the n-point method to take 

samples, the relative error EII,n, relative average error eII,s,n  and relative standard deviation σII, ρ,n can be calculated by 

the following equations, respectively. 
 

 
E II,n 

 ρi,n 
 1

 

ρ t,i 

 
 

 
(A.7) 

𝑒𝐼𝐼,𝑆,𝑛 =
1

𝐿
∑𝐸𝐼𝐼,𝑛

𝐼

𝑖=1

 

 

σ II,n 

(A.8) 

 

 

 
(A.9) 

 

where 
EII,n is the CII-type error in vertical i in taking samples by the n-point method; 

 
ρi,n is the vertical mean sediment mass concentration in vertical i in taking samples by the n-point method; 

 
ρ t,i,n   is the approximate true value of the vertical mean sediment mass concentration in vertical i; 

eII,s,n is the average value of CII-type error (i.e. systematic error) in taking samples by the n-point method; 

 
L is the number of the verticals; 

 
σII,n is the relative standard deviation of CII-type error in taking samples by the n-point method. 

 

A.5 Data collection for analysing CIII-type error 

A.5.1 Methods and requirements 
 

To analyse the errors of cross-sectional mean sediment mass concentration due to various number 
of verticals and calculation principles, it is common to select as many as possible verticals. The 
measured cross-sectional mean sediment mass concentration is taken as the approximate true value. 
Then, the CIII-type errors for various numbers of verticals are calculated. 

The test of CIII-type error shall collect data from various water levels and sediment mass 
concentrations by the depth-integration method or two-point method in more than 30 sets of 
measurements. The number of verticals can be determined using Table A.1. 

 
Table A.1 — Determination of number of verticals 

 
 

River width, m  100 100 to 300 300 to 1 000  1 000 

Number of verticals 15 to 20 20 to 25 25 to 30 30 to 40 

 

 
The two-point or one-point method is used to measure velocity simultaneously in each vertical. The 

samples collected in each vertical may be used for particle size analysis respectively if it is 

necessary. The water temperature is measured. 

1 

L  1 
 II,n II,s,n 

L 

()E  e 2 

i1 
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A.5.2 Calculation of error 
 

A.5.2.1 From data measured in verticals the approximate true value of the cross-sectional mean sediment mass 

concentration can be calculated by the following equation. 
 

n n      

    q A,si  ρ i vi d ibi 

ρ A  i1  i1  
n n      (A.10) 

 A,i 

i1 

v i d ibi 

i1 
 

A.5.2.2 In using the method for selecting verticals, the errors are calculated based on the principles of EWI, EAI 

or EDI methods. 

 
In selecting n verticals to calculate the cross-sectional mean sediment mass concentration, the 
relative error EIII,n, relative average error eIII,n, and relative standard deviation σIII,n can be calculated 
by the following equations, respectively. 

E III,n 
 ρi,n 

 1
 

ρ ti 
(A.11) 

 

1 
I ρ i,n 

 

e III,n  
I 
(1)  (A.12) 

 

 
σ III,n 

i1 
ρ t,i  

 

 
(A.13) 

 

where 
EIII,n is the CIII-type error of the cross-sectional mean sediment mass concentration by selecting n 

verticals in the ith set of measurements; 

 
eIII,n is the mean value of CIII-type error (i.e. systematic error) of the cross-sectional mean sediment mass 

concentration of n verticals; 

 
I is the number of the sets of measurements; 

 
σIII,n   is the relative standard deviation of CIII-type error of the cross-sectional mean sediment mass concentration in 

selecting n verticals. 

 

A.6 Data collection for analysing sample treatment error 
 

A.6.1 General 
 

In using drying or filtration methods to determine the sediment mass concentration, the error 

sources are different. In the component errors by the drying and filtration methods, systematic 

errors are the main ones and shall be tested and analysed respectively. 

 
A.6.2 Data collection for analysing errors of drying method 

 
A.6.2.1 The relative error due to volume measurement of sample, EV is  related to  the  minimum graduation 

of the cylinder. This random error, EV is  0,5 %. 

1 

I  1  III,n III,n 

I 

()E  e 2 

i1 
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A.6.2.2 The relative error due to weighing sediment, Ew, is related to accuracy of the scale and amount of the 

sediment. Generally, the random error due to weighing sediment, Ew is  1 %. 

A.6.2.3 The error due to settling loss, Es, is defined as the loss of sediment due to insufficient duration of 
settling. It is a negative systematic error and related to settling duration and the percentage of fine 

sediment in the total sediment of the sample. The settling duration shall be determined by tests. The relative  error due 

to settling loss Es shall be generally within  1,0 %. 

A.6.2.4 In river water, errors occurs due to dissoluble materials in river water, Ed, (for instance salt). Some river 

water containing dissoluble materials still remains in the sediment sample to be dried, making the sediment heavier 

than the real mass. The contents of dissoluble materials can be determined by field investigation or measurement. In an 

estuarine environment, it is strongly recommended to flush the salt out  of the filter paper after the filtration of the 

sample using distilled water. 

 
The relative error due to dissoluble materials Ed shall not be larger than 1,0 % in general, and 2,0 % 
in lower requirement of accuracy. 

 
A.6.3 Data collection for analysing error of filtration method 

 
A.6.3.1 The analysis of component errors due to volume measurement, weighing sediment, and settling loss of the 

filtration method is the same as that in the drying method. 

 
A.6.3.2 Filter paper often contains dissoluble materials which can cause errors, Ef. In filtration, the dissoluble 
materials in the filter paper is lost with clean water which makes the paper lighter than its original 

mass and produces a negative systematic error of sediment mass. The loss of dissoluble materials in the  filter paper is 

related to the filtering duration and type of the filter paper. It can be determined by tests. The test method is to dry and 

weigh several pieces of filter papers, then put them into clean water for 24 h, dry 

and weigh them to obtain the mass difference (m = m0  mf) between the paper masses before filtration, m0, and after 

filtration, mf. The ratio of m to the sediment mass is the relative error of sediment mass due to dissoluble materials in 
the filter paper. To eliminate the systematic error, the mass of filter paper can be 
modified by multiplying a mean correction coefficient, the average value of mf /m0. 

A.6.3.3 Errors can occur due to sediment leaking through filter paper, Ee. The pore size of filter paper is normally 

in the range of 0,001 mm to 0,002 mm. During filtration, fine sediment might leak through the paper, making a 

negative systematic error due to the loss of sediment. The error due to sediment leaking through the filter paper is 

related to the pore size of the filter paper, dry sediment mass, and content of fine 

sediment in the total sediment and should be determined by tests. The test method consists in allowing filtered water to 
sit for a long time. The clean water is then decanted, and the settled sediment dried and weighed. The relative error due 

to sediment leaking through the filter paper is within  1,0 % in general, and 

 2,0 % in lower requirement of accuracy. 

 
A.6.3.4 Errors can occur due to moisture absorption of the sediment bag, Ea. In weighing the dry filter paper and 
the sediment bag (filter paper and dry sediment) after filtration, they often absorb air moisture, 

and the moisture absorbed by the latter is more than that by the former which produces a  positive systematic error. 

The error due to the moisture absorption of the sediment bag mainly depends on the ability of the moisture to be 

absorbed by the filter paper. The amount of moisture absorbed is mainly related to the duration in air and the relative 

air moisture and can be determined by tests. The relative error due to the 

moisture absorption of sediment bag, Ea, shall not be more than 1,0 % in general, and 2,0 % in lower requirement of 
accuracy. 

 
A.7 Control indexes of errors for measurement of suspended sediment 

 

The control indexes of errors for measurement of suspended sediment are listed in the Table A.2. 
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e
r,ρ A   

 e 
s,ρ A 

2 2 

Table A.2 — Control indexes of errors 
 

Types CI CII CIII 
Error due to 

device 

Error due to sample 

treatment 

Random error (%) 8,0 8,0 3,0 8,0 1,5 

Systematic error (%)  2,0 1,5  2,0 

NOTE The random error is the standard deviation, and the systematic error is the relative average error. 

 
 

A.8 Example of error calculation of cross-sectional mean sediment mass 
concentration in a measurement 

 

A.8.1 The equation for calculation of the total random uncertainty is Equation (17) in this 

International Standard. 

e
r, ρ A 





a) For 7 verticals, the relative standard deviation of CIII-type error σIII is 3,0 %, then er,n = 6,0 %; 

b) For sampling duration of  30 s,  the  relative  standard deviation  of  CI-type error  σI  is 8,0 %,  then 
er,e = 16,0 %. 

c) The relative standard deviation of the error due to sampler σc is 8,0 %, then er,c = 16,0 %; 

d) In sample treatment by the dry method, the relative standard deviation σs is 1,5 %, then er,s = 3,0 %; 

e) In taking sample by the depth-integration method, the relative standard deviation of CII-type error σII is 8,0 %, 

then er,p = 16,0 %; 

f) k  1,15. 
 

The total random uncertainty is 

e
r,ρ A 


6 2  

1,15 
(162  162  32  162 )12,8 % 

7 
 

A.8.2 If the signs and values of all component systematic errors are known, the total systematic 

error is their algebraic sum. If their signs are unknown, it can be calculated by the root-sum-square 

rule. 

 

Based on the existing measurement data, the  following are  taken as the component systematic 

errors if without new data. 

 
es,n = 1,5 %; es,c = 1,5 %; es,s = 2,0 %; es,p = 2,0 % 

The total systematic uncertainty 

e
s,ρ A 



The total uncertainty 

e ρ A 
 

 3,5 % 

 

 
 

 13,3 % 

e 
2 
 

k 
()e 

2 
 e 

2 
 e 

2 
 e 

2
 

r,n 
n 

r,e r,c r,s r,p 

1,5 2  1,5 2  2,0 2  2,0 2 

12,8 2  3,5 2 
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Annex B 
(informative) 

 

Procedures and examples of methods for combining samples collected 
in a cross-section 

 

 
B.1 EWI method 

 
B.1.1 Procedure 

 

Perform the EWI method according to the following procedure. 

 
a) Locate the sampling verticals at the centreline of each segment of equal width. 

 
b) Take samples using the depth-integration method. 

 
c) In taking samples, move the sampler at a uniform transit rate for all verticals. 

 
d) Keep the same nozzle diameter of the sampler for all verticals. 

 
e) Combine samples collected in all verticals into one sample. 

 
f) Ensure the water and sediment of the samples is not lost when combining the samples and measuring their 

volumes in field. 

 

B.1.2 Example 
 

B.1.2.1 Make the following assumptions: 

 

 the cross-sectional area of the nozzle is to be constant, denoted as A in the measurement; 

 kv is the intake velocity coefficient of the sampler (the ratio of the flow velocity at the sampler 

intake to the local stream velocity); 
 

 u is the transit rate of the sampler and kept the same for all verticals; 

 b is the water surface width of each segment; 

 qs1, qs2, ..., qsn are the vertical sediment discharges per unit width, respectively; 

 q1, q2, ..., qn are the vertical flow discharges per unit width, respectively; 

 ρv, vv are the sediment mass concentration and velocity of any point in a vertical, respectively; 

 ms, Vtot are the total sediment mass and volume, respectively; 
 

 ρ v , ρ A are the vertical and cross-sectional mean sediment mass concentrations, respectively. 
 

B.1.2.2 For samples taken using the depth-integration method, the sediment mass concentration of the sample is 

the vertical mean sediment mass concentration after addressing sediment discharge distribution. 
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

1 

    ρvdη 
ρ v  

q s  0 
 (B.1) 

q 1 

vdη 
0 

 

where η is the relative depth. 

As the sampling volume of the sampler is 
t t 

V tot   Akvvdt   Akv vdt 
0 0 

 

The sediment mass collected by the sampler is 
t 

ms  Akv  ρvdt 
0 

 

 

 

 
(B.2) 

 

 

 

 
(B.3) 

 

substituting dη  
u 

dt 
h 

(h is the depth of vertical) into Equation (B.1), then 

t 

      u ρvdt 

ρ v   0 
 ms   

 

 

(B.4) 
t 

uvdt 
0 

Vtot 

 

B.1.2.3 The sediment mass concentration measured from the combined sample collected in a cross - section 

following the technical requirements specified in B.1.1, is the cross-sectional mean sediment mass concentration, after 

addressing sediment discharge distribution. 
 

t 

buAkv ρvdt 
Q q 

 

ρ A 
  A,s 

 
 s 

 
b()q s1  q s2     q sn     0 

 ms   (B.5) 

Q A q b()q1  q 2      qn 
t 

buAkv vdt 
0 

V tot 

 

B.2 EAI method 
 

B.2.1 Procedure 
 

Perform the EAI method according to the following procedure. 

 
a) Locate the sampling verticals at area centreline of each segment with equal area. 

 
b) Take samples using the same method for combining samples collected in a vertical for all verticals (see  7.3.2.2). 

 
c) Use the same sampling duration for all verticals. 

 
d) Use the same nozzle diameter of the sampler for all verticals. 
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 

e) Combine samples collected in all verticals into one sample. 

 
f) Ensure the water and sediment of the samples is not lost when combining the samples and measuring their 

volumes in field. 

 

B.2.2 Example 
 

The sediment mass concentration measured from the combined sample collected in a cross-section 

following the technical requirements specified in B.2.1 is the cross-sectional mean sediment mass 

concentration in coincidence with the discharge-weighted principle. 

 
V1 ms1  

V2 ms2      
Vn msn  

ρ A  
Q A,s 

 
q s 

 
Aseg ρv 


 At V1 At V2 At Vn  

Q A q Aseg v 
V1  

V2      
Vn 

At At At 
(B.6) 

 
ms1  ms2     msn  

 ms   

 

where 

V1  V2      Vn V tot 

Aseg is the segmental area; 

t is the sampling duration in verticals; 

 
ms1, ms2,......, msn  are sediment masses of samples in verticals, respectively; 

V1, V2,......, Vn are sample volumes in verticals, respectively. The 

other symbols are the same as in B.1.2 and B.2.2. 

B.3 EDI method 
 

B.3.1 Procedure 
 

Perform the EDI method according to the following procedure. 

 
a) Locate the sampling verticals at discharge centrelines of each segment with equal discharge. 

 
b) Take samples with equal volume for all verticals. 

 
c) Combine samples collected in all verticals into one sample. 

 
d) Ensure the water and sediment of the samples is not lost when combining the samples and measuring their 

volumes in field. 

 

B.3.2 Example 
 

B.3.2.1 The sediment mass concentration measured from the combined sample collected in a cross -section following 

the procedure specified in B.3.1 is the cross-sectional mean sediment mass concentration in agreement with the 

discharge-weighted principle. 
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() 

 
      

ρ A  
QA,s 

 
qρ v1  qρ v2     qρ vn  

ρ v1  ρ v2     ρ vn 

QA nq n 

 

ms1  
ms2      

msn 

   V V V     
ms1  ms2     msn   

 ms   

n nV V tot 

 

 

(B.7) 

 

 

where 
q is the segmental discharge; 

 
 

   

ρ v1, ρ v1, ..., ρ vn are the vertical mean sediment mass concentration at discharge centrelines of each 

segment, respectively; 

V is the sampled volume in each vertical; 

 
Vtot is the total sampled volume. 

The other symbols are the same as in B.1.2. 

B.3.2.2 If the sampled volumes in all verticals are not equal (the difference between the sampled volumes in 

verticals can be larger than 10 %), the sample of each vertical is to be treated separately. The  average value of vertical 

sediment mass concentration is taken as the cross-sectional mean sediment mass concentration. 
 

Q q s 
 

 

q 
ms1 V 

m s2 

V 

 

    
msn  
V 

ρ     s   1 2 n  

Q q nq (B.8) 

 
1 

()ρ m1  ρ m2      ρ mn 

n 
 

B.4 Example of the method for combining samples collected in a cross-section into 
one sample to measure cross-sectional mean particle size distribution 

 

The basic equation, applicable to the three methods listed in a), b) and c) of this subclause, for 

calculation of the cross-sectional mean particle size distribution is 
n    

    q si wd,i 
 

 q   w  q w 
 

      q w 

wd,A  i1  
   s1   d,1 s2    d,2 sn    d,n  (B.9) 

 

 

 
where 

n 

q si 
i1 

q s1  q s2      q sn 

 

 
 

wd ,A 

 
 

wd,i 

is the cross-sectional mean mass fraction of sediment finer than a given diameter in the total sediment mass of 

sample (%); 

is the mean mass fraction of sediment finer than a given diameter in the total sediment mass of sample for 

segment i; 

qsi is the sediment discharge of segment i. 
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d,A 

The sample obtained by the method for combining samples in a cross-section is used for the 

particle size analysis. During such analysis, the particle size distribution is actually obtained by 

weighing sediment mass in each vertical and can be expressed as 

 
   

 
 

wd,A  
ms1wd,1  ms2 wd,2     msn wd,n 

ms1  ms2      msn 
(B.10) 

 

Equation (B.10), which can be derived from Equation (B.9), is applicable to the method of 

combining samples collected in a cross-section. In particle size analysis using the combined 

sample, if it meets Equation (B.10), it also meets the basic principle of Equation (B.9). This can be 

proven as follows, respectively. 

 
a) In taking samples by the EWI method, from Equation (B.9) it can be shown: 

 

n    n    

    q si wd ,i q i ρ i wd ,i 

w  i1  i1  
n n    

q si 
i1 

q i ρ i 
i1 

 

b()d 1v1 
ms1 wd,1  d 2 v 2  

ms2 wd,2      d n vn 
msn wd,n 


 V1 V2 Vn  

b()d 1v1 
ms1  d 2 v 2 

ms2      d n vn 
msn

 

V1 V2 Vn 

d 1v1 
  ms1   wd,1  d 2 v 2 

  ms2   wd,2      d n vn 
  msn   wd,n 


 At1v1 At 2 v 2 Atn vn  

d 1v1
 ms1  d 2 v 2

 ms2       d n vn
 msn 

 

At1v1 At 2 v 2 At n vn 

 d i  ()m s1wd,1  m s2 wd,2      m sn wd,n 

 
 Ati  

ms1wd,1  ms2 wd,2     msn wd,n  
 di ()m s1  m s2      m sn 

Ati 

m s1  m s2      m sn 

Assuming the cross-sectional area of the nozzle A and the transit rate of the sampler di /ti to be 

constant, and Vi  Atvi , Equation (B.10) can be derived for the particle size distribution of the 

combined sample. It indicates that the use of the EWI method for particle size analysis is in good 

agreement with the basic principle. 

 
a) In taking samples using the EAI method and using Equation (B.9) it can be shown: 

 

   Aseg ()v1 
m s1 wd,1  v 2  

m s2  wd,2      v n  
m sn  wd,n 

wd,A 
 V1 V2 Vn  

Aseg ()v1 
m s1  v 2  

ms2       v n  
m sn

 

V1 V2 Vn 

 

v1
 ms1  wd,1  v 2

 ms2 wd,2      vn
 msn wd,n 

 
Atvm1 Atv 2 Atvn 

v1
 ms1  v 2

 ms2      vn
 msn  

 

Atvm1 Atv 2 Atvn 
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b) Similarly, from the basic principle Equation (B.10) is derived. It indicates that the EAI method for particle 

size analysis is in good agreement with the basic principle. 

 

In taking sample using the EDI method and using Equation (B.9) it can be shown: 
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q()ρ1  wd,1  ρ 2  wd,2      ρ n  wd,n  
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q()ρ 

1  ρ 2      ρ n 
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ms1wd,1  ms2 wd,2      msn wd,n 

ms1  ms2      msn 

Similarly, from the basic principle Equation (B.10) is derived. It indicates that the EDI method for 

particle size analysis is in good agreement with the basic principle. 


	NATIONAL FOREWORD
	(Formal clauses of the national foreword will be added later)

	1 SCOPE
	2 NORMATIVE REFERENCES
	3 TERMS AND DEFINITIONS
	4 UNITS OF MEASUREMENT
	5 SELECTION OF SITE
	6 SELECTION OF SAMPLERS
	7 MEASUREMENT METHODS AND FREQUENCIES
	7.1 Principle for measurement of cross-sectional mean sediment mass concentration
	7.2 Principle for measurement and calculation of cross-sectional mean particle size distribution
	7.3 CONVENTIONAL METHOD
	v c c x v
	Lower limit of sampled zone
	7.5 Distribution and requirements of measurements
	7.6 Additional information
	7.7 Source and control of errors


	8 CALCULATION
	8.1 Sediment discharge and mass concentration
	(9)

	8.2 Calculation of particle size distribution

	9 ESTIMATION OF RANDOM UNCERTAINTY AND SYSTEMATIC ERROR FOR MEASUREMENT OF SUSPENDED SEDIMENT
	9.1 General
	9.2 Sources of error
	9.3 Estimation of component errors
	9.4 Total random uncertainty for measurement of cross-sectional mean sediment mass concentration
	9.5 Total systematic error for one measurement of cross-sectional mean sediment mass concentration

	Annex A
	Data collection for determining the error in measurement of cross- sectional mean sediment mass concentration and estimation of errors
	A.1 General considerations
	To determine the component errors in the measurement of cross-sectional mean sediment mass concentration, appropriate methods are to be adopted for data collection with respect to the sources of error. Then, calculation is carried out to determine eac...

	A.2 Data collection for analysing error due to sampler
	The results measured by the standard sampler are taken to be the standard values. The relative error Ei, the relative average error es (i.e. systematic error), and the relative standard deviation σρ of sediment mass concentration comparing with the st...
	where ρi and ρ0i are the sediment mass concentrations of the ith measurement by the sampler to be checked and the standard sampler, respectively.
	The relative average error is calculated as follows:
	The relative standard deviation is calculated as follows:

	A.3 Data collection for analysing CI-type error (fluctuation error of sediment mass concentration)
	The fluctuation of sediment mass concentration is a random process and follows the normal distribution law. Consequently, only the error due to randomly sampling is estimated.
	where
	In taking samples by the selected point method, the CI-type error of the vertical mean sediment mass concentration can be estimated by the following equation:
	where (1)

	A.4 Data collection for analysing CII-type error
	It is common to take a multi-point method for the measurement of the vertical mean sediment mass concentration as the standard to check the accuracy of other methods. In this International Standard, a particular sampling method, i.e. seven-point metho...
	is measured simultaneously. At each point, sampling is conducted twice and the average value is adopted. The samples collected at each point may be used for the particle size analysis. The water temperature is measured. If it is necessary to check the...
	A.4.2 Calculation of error

	where
	where (1)

	A.5 Data collection for analysing CIII-type error
	The two-point or one-point method is used to measure velocity simultaneously in each vertical. The samples collected in each vertical may be used for particle size analysis respectively if it is necessary. The water temperature is measured.
	A.5.2 Calculation of error

	In selecting n verticals to calculate the cross-sectional mean sediment mass concentration, the relative error EIII,n, relative average error eIII,n, and relative standard deviation σIII,n can be calculated by the following equations, respectively.
	where

	A.6 Data collection for analysing sample treatment error
	A.6.2 Data collection for analysing errors of drying method
	The relative error due to dissoluble materials Ed shall not be larger than 1,0 % in general, and 2,0 % in lower requirement of accuracy.
	A.6.3 Data collection for analysing error of filtration method


	A.7 Control indexes of errors for measurement of suspended sediment
	The control indexes of errors for measurement of suspended sediment are listed in the Table A.2.

	A.8 Example of error calculation of cross-sectional mean sediment mass concentration in a measurement
	A.8.1 The equation for calculation of the total random uncertainty is Equation (17) in this International Standard.
	The total random uncertainty is
	A.8.2 If the signs and values of all component systematic errors are known, the total systematic error is their algebraic sum. If their signs are unknown, it can be calculated by the root-sum-square rule.
	The total systematic uncertainty
	The total uncertainty


	Annex B
	Procedures and examples of methods for combining samples collected in a cross-section
	B.1 EWI method
	B.1.2 Example
	 the cross-sectional area of the nozzle is to be constant, denoted as A in the measurement;
	 u is the transit rate of the sampler and kept the same for all verticals;
	 qs1, qs2, ..., qsn are the vertical sediment discharges per unit width, respectively;
	 ρv, vv are the sediment mass concentration and velocity of any point in a vertical, respectively;
	 ρ v , ρ A are the vertical and cross-sectional mean sediment mass concentrations, respectively.
	where η is the relative depth.
	The sediment mass collected by the sampler is
	(h is the depth of vertical) into Equation (B.1), then

	B.2 EAI method
	The sediment mass concentration measured from the combined sample collected in a cross-section following the technical requirements specified in B.2.1 is the cross-sectional mean sediment mass concentration in coincidence with the discharge-weighted p...
	where

	B.3 EDI method
	B.3.2 Example
	where

	B.4 Example of the method for combining samples collected in a cross-section into one sample to measure cross-sectional mean particle size distribution
	The basic equation, applicable to the three methods listed in a), b) and c) of this subclause, for calculation of the cross-sectional mean particle size distribution is
	where
	The sample obtained by the method for combining samples in a cross-section is used for the particle size analysis. During such analysis, the particle size distribution is actually obtained by weighing sediment mass in each vertical and can be expresse...
	Equation (B.10), which can be derived from Equation (B.9), is applicable to the method of combining samples collected in a cross-section. In particle size analysis using the combined sample, if it meets Equation (B.10), it also meets the basic princip...
	Assuming the cross-sectional area of the nozzle A and the transit rate of the sampler di /ti to be constant, and Vi  Atvi , Equation (B.10) can be derived for the particle size distribution of the combined sample. It indicates that the use of the EWI...
	m   w  m w
	At

	In taking sample using the EDI method and using Equation (B.9) it can be shown:
	Similarly, from the basic principle Equation (B.10) is derived. It indicates that the EDI method for particle size analysis is in good agreement with the basic principle.



