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Forewo

ISO 6640:2024(en)

rd

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had notireceived

patent(s)

ich may be required to implement this document. However, implementers are ca

this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade
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Organizatig

&

use of (a)
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hame used in this document is information given for the convenience of users and does not

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

pxXpressions
Yorld Trade
pword.html.

This documlent was prepared by Technical Committee ISOATC 113, Hydrometry, Subcommittee S(

transport.

Any feedba

complete lis

£k or questions on this document should be directed to the user’s national standa
ting of these bodies can be found at www.iso.org/members.html.
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Introduction

Radiation transmission method for measuring the density of water-sediment mixture in water bodies such
asrivers, dams and harbours has been employed for many years. It can continuously measure the suspended
sediment concentrations providing data for optimal operation and better management of dams, reservoirs
and navigation channels. The major applications of the radiation transmission method are:

a) maintenance of navigation channels,
b) optimization of dredging operations,

¢) management of dams and reservoirs.

Dams and [reservoirs are vital in terms of water supply, irrigation and electricity generdtion. Large
investmenty are needed for maintenance and efficient operation of dams and reservoiis: [Sustainable
operation of dams and reservoirs requires an in-depth understanding and monitoring of sedimentation rates.

In harbour [navigation channels, radiation transmission method is applied to measure nautical depth. The
method sugplements the preliminary indications provided by ultrasound devices.

© IS0 2024 - All rights reserved
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Measurement of density of water-sediment mixture using

radiati

1 Scope

on transmission method

This document specifies the radiation transmission method for measurement of density of the water-

sediment
and reservd

The metho
description

ixture susnended or denosited in water haodies such as streams canals harbhourhb
T T ) g T Y Y

irs.

 is based on principles of transmission of X or Gamma rays. This document ¢
of the operating principle of the method and details of some of the instrumernts used

This docunpent applies to the measurement of water-sediment mixture density)in water b

radiation tr
application
2 Norm

The followi
requiremen

hnsmission method, particularly gamma and X-ray transmission method. The workin
5, advantages and associated instruments are elaborated in this decument.
ptive references

hg documents are referred to in the text in such a way that some or all of their content
ts of this document. For dated references, only the edition cited applies. For undated

the latest edlition of the referenced document (including any.aimendments) applies.

ISO 772, Hy|

ISO 4363, ]
suspended s|

ISO 11657,
surrogate té

3 Terms

For the pur
following aj

ISO and IEG

IEC Ele

irometry — Vocabulary and symbols

leasurement of liquid flow in open channels — Methods for measurement of chard
pdiment

Hydrometry — Suspended sediment in streams and canals — Determination of conce
chniques

and definitions

poses of this documient, the terms and definitions given in ISO 772, ISO 4363, I1SO 11
pply.

maintain terminology databases for use in standardization at the following address

[SO Online browsing platform: available at https://www.iso.org/obp

sins, dams

overs brief

pdies using
b principles,

constitutes
references,

cteristics of

bntration by

657 and the

ES:

ctropedia: available at https://www.electropedia.org/

3.1

radiation transmission method
gamma, X-ray transmission method to measure the density of water-sediment (3.2) mixture in water bodies

3.2
sediment

solid particles derived from rocks, biological materials or chemical precipitants, that are transported by,
suspended in or deposited by flowing water

Note 1 to entry: Sediment usually means inorganic material and consists of clay, silt, sand or gravel.

© IS0 2024 - All rights reserved
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4 Protection against ionizing radiation

Exposure of any part of the human body to ionizing radiation can be injurious to health.

5 Prope

rties of sediments

5.1 General

Water-sediment mixture density is affected by physical properties of the sediments.

5.2 Particle size

Sediments yinder study can be classified by their grain size, from clay to sand. The Wentworth’sc]

is one of thg
— sand: p
— silt: pat
— clay: pg

Sediments
non-cohesity
with dimen

6 Princi

6.1 Gens¢

Both radiat
sediment ny
typical inst

6.2 Pring

The measut
the water-s

(see Figure

most widely used classifications for sediments, as given below:
hrticles between 0,063 mm to 2 mm in diameter,

ticles between 0,002 mm to 0,063 mm in diameter,

rticles less than 0,002 mm in diameter.

an be divided into cohesive and non-cohesive classes. Silt and clay are cohesive whilg
re. According to the Wentworth classification, fine or pelitie.sediments, known as mu
s5ions lesser than 0,063 mm.

ples of radiation transmission and backscattering methods

ral

ixture in water bodies. The methods enable measurement of a wide range of de
Fuments used in these methods arepresented in Annex A.

riple of gamma and X-ray transmission method

ement is based on the attenuation of a collimated beam of gamma or X-rays travers

1).

assification

» the sand is
d, are those

on transmission and backscattering methods can be used for measurement of density of water-

hsities. The

ng through

bdiment mixture in the)direction of a collimated detector mounted on opposite side of the source
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When a mo
transmitted

N

[
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collimatjors
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uisition system on a boat

sediment water mixture

s of water column

i of transmitted radiation
Figure 1 — Principle of thegamma and X-ray transmission method

hoenergetic beam of radiation impinges on a water column of thickness x cm, the inte
| radiation /,, (counts/unittinie) is given as:

-o-»uW X

he radiation intensity measured in the air;

he linéar attenuation coefficient of water, in cm1.

In the wate

Fecaddimont miviura tho intoncitu aftho trancmittad rad
€ eht tt HrehRSeotthet =3 tea1 e

Isw :IO

X
A=z eeara e ray TS tItS1r Y T IO T

.e':usw X

where g, is the linear attenuation coefficient of the water-sediment mixture.

© IS0 2024 - All rights reserved
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The linear attenuation coefficient, p,,,, is defined as:

Hew =V lly TVl (3)
where, p is the linear attenuation coefficient of sediment; v,, and v, are the volume fraction of water and
sediment in the mixture, respectively. As the sediment concentration is ¢, (the weight of sediment in 1 cm3 of

the mixture) the volume fractions are defined as:

V.= — (4)

VW:1-Vc:1-pi (5)
S

where, p; i$ the sediment density.

Formula (3] can be modified by substituting the volume fractions:

N N N

Cc c Cc
usw=vyuw+vsus=[1——)uw+p—us=uw+p—(us—uw) (6)

Formula (2] can be modified by substituting the linear attenuation coefficient, p,,,:

) _[uw+i(ﬂs_uw)].x ) _i(us_’uw).x —M‘X‘C
Isw :10 e Hsw X :]0.e Ps :]0.3_:”w X.e Ps :]W .e Ps (7)
By taking nptural logarithm of Formula (7):
I -
h]ﬂ: —M‘X'C (8)
L, Ps

The density ( p,,) of water-sediment mixturewith concentration c can be calculated using the following
formula:

-1
pr=ct|1-- |=Ps T2 iq 9
Ps Ps
Therefore:
Ps Ps
c= Pm ~ (10)
Ps I Ps e
Formula (8] can bexmodified by substituting the concentration ¢ using Formula (10):
I S — JAL S S S — JAL [ — QAL
lnﬂ:_u U 'X'( L P — L \\:_u = .X.pm+u.x (11)
L, Ps Lps_l ps_lJ ps—1 ps—1
Let the constant terms, —@-x and @.X be denoted by A and B, respectively, then Formula (11)
Ps— Ps—
is simplified as:
ISW
lnI—:A-pm+B (12)

w

To obtain the values of constant, A and B, the intensities of the transmitted radiation, g, are measured
with water-sediment mixtures of known densities. A calibration curve is obtained by plotting the measured
data. The slope and intercept of the curve provide the values of constant A and B. Once values of A and B

© IS0 2024 - All rights reserved
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are obtained, the density of water-sediment mixture can be calculated from the measured intensity of the
transmitted radiation, Iy, using the following formula:

In

Pm

IS_W_B
w

A

(13)

Formula (12) is valid for monoenergetic beam of radiation. However, in practice it is not always possible to
use monoenergetic beam of radiation; especially nowadays when X-ray tubes are preferred instead of sealed
gamma radiation sources.

In such situations, the linear relationship in Formula (1) is not theoretically valid i.e. there might be no true

linear relationship between In(/.,) and p,..

Therefore, an experimental calibration curve should be

prepared arld utilized for estimating the density of sediments from the measured intensity of thed

radiation, I
experiment

6.3 Pring

Principle of
shown in Fi

Rather high
lower energ
sensitive to
edge of a ch|
material. If
will have tq
relative effg
concentrati
as in the red
backscatter

The devices

efficiency ajnd possibility to penetrate the-sediment deposits. The density of the water-sedim

is determin
monitored {

Ly~ In most of the cases, the experimental calibration curves look linear as shown
al calibration curve given in Annex B. A case study is discussed in Annex C.

riple of gamma ray backscattering method

bure 2. The backscattered response signal is a function of density of the water-sedimg

B

-energy gamma rays are generally employed in backscattering method. In principle
y gamma rays can also be used but one need to be caréful as these radiations are
elemental composition of sediments. This means that ifthe X-ray energy is close at thg
emical element, the scattering yield is no longer only<a-function of the density of the g
X-rays or low-energy gamma rays (60 keV gamma‘$rom 241Am) are used, the "extra’

be accounted for while plotting the calibration-curve and also expressed in the f
ct of this absorption is of course dependent;on the energy used and the elemental ¢
pn of the mud. Therefore, the instrument-should be calibrated using the same mud ¢
| field experiment. Thus, it is not feasible’to make use of X-ray and low energy gamma

using backscattering method ake/cylindrical or conical in shape to ensure maximal

ed from the relationship-between the concentration of the sediments in the mix
bnvironment and the sighal’generated by the detector.

ing method. The gamma ray source generally used in backscattering method is 137Cs.

ransmitted
in a typical

the gamma ray backscattering method for measurement of densityof water-sediment mixture is

nt mixture.

X-rays and
much more
absorption
urrounding
absorption
rmula. The
ontent, and
omposition
sources for

beometrical
bnt mixture
ture in the
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Key
1 gamma pource
2 radiatiop detector
3 radiatiop shield
4  ballasti¢ weight
5 sedimerts
6  scattered radiations
7  pressurg gauge
Figure 2 — Principle of gamma ray backscattering method

The backsdattered count rate, R,,, measured by the @etector in the mixture is a function ¢f sediment
concentratipn and is related to the count rate, R, of thie gamma rays measured in pure water by the formula:

RSW n

S = (1.p)" -exp(-a.p) (14)

RW
where, p (g/cm3) is the density of water-sediment mixture, while ‘a’ and ‘n’ are constants characterizing
the measuring setup and are obtajned experimentally by calibration in laboratory under simulated field
conditions. [Formula (14) is an empirical relation obtained based on extensive laboratory calibrations.
7 Calibnation procedure
Calibration|is an important aspect of measuring the density of water-sediment mixture using tfansmission
and backscpttering‘methods. The purpose of the calibration is to establish a curve that cofrelates the
measured fadiation intensity (count rate) with the density of the water-sediment mixture. It has to be
determined in‘taboratory condition prior to field measurements, using the native sediment of the field site.

The good h¢mogenization of the water-sediment mixture is a precondition of the measurements

The steps of the calibration procedure (see Annex B) are:

addition of native sediments,
homogenization of the mixture,
measurements in the homogenized mixture, and

sampling from the homogenized mixture.

The calibration is required for each experimental site.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Prototypes of instruments

A.1 Instruments based on transmission method

A.1.1 Gamma ray transmission instrument
Figure A.1|shows a gamma ray transmission instrument used for Water-sedimentg[yc‘

measurems

The main ¢

maxim

measul

gamma

lm water de@~ 100 m

ing ran

nt.

@(’L
&

Figure A.1

@Gamma ray transmission instrument

O

This tranerission instrument c%&’used for density measurement in static or dynamic mode.

aracteristics ar%\%

relative densities: 1,02 to 1,35

ra;{ n source / activity: 137Cs / 222 MBq, 241Am/ 20 GBq.

A1.2 X

ay transmiissiominstrunrent

re density

Figure A.2 shows an X-ray transmission instrument used for measuring water-sediment mixture density. It
is mostly used for obtaining static or dynamic vertical density profiling of water sediment mixture.

© IS0 2024 - All rights reserved
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Figure A.2 — X-ray transmission instrument O

O
The main characteristics are: Os\
— maximpim water depth: 100 m QQQ
— measulling range of relative densities: 1,02 to 1,35 s\\§\
— radiatign Source: X-ray micro-tube of 30 keV. <
)

N

A.2 Instfument based on backscattering Q&hod

v
W

&°

Figure A.3 [shows a typical gamma backscatt&ﬁoinstrument used for water-sediment mixt

measuremgnt. It is mostly employed to contr H
é e for vertical density profiles.

dams and reservoirs. This instrument is su

iments deposited in harbour basins, navigatig

ure density
n channels,

Figure A.3 — Gamma backscattering instrument

The main characteristics of the instrument are:
— maximum water depth: 100 m
— measuring range of densities: 30 g/1to 1 000 g/1

— Gamma radiation source / activity: 137Cs/ 18,5 MBq

© IS0 2024 - All rights reserved
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Annex B
(informative)

Calibration

B.1 Calibration procedure

Calibration is necessary for measuring the density of water-sediment mixture using transmission and
backscattering methods. Tt has to be determined in Iaboratory prior to the field measurements. This
document deals with radiation transmission method only. Qq/

Figure B.1 ghows the calibration procedure of the instrument based on radiation trans@gﬂon ethod.

X

.
NS
=
NS
=
S
=
S
e =

K\
xO
a) Adding native sediments \\('\)j‘~ b) Homogenization of the water-sediment mix-
O ture
: @ y P&
= ) i‘ - <
= i =
—
c) Placing the instrument into the calibration d) Measurement and sampling

tank

Figure B.1 — Example of calibration procedure

The homogenization is ensured by monitoring the signal recorded during the process. When the signal
remains constant, samples are withdrawn from the detection volume to construct the calibration curve.

A typical calibration curve obtained for transmission method is shown in Figure B.2.

© IS0 2024 - All rights reserved
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Y
0
-1 M
\
5 .

\‘\O
-6

1 1,05 1,1 1,15 1,2 1,25 1,3 1,3 X
Key

dengity of water-sediment mixture p,,,in g/cm3
Y In(l,, /1,)

In(4,, /1,) =-17,594 p,, + 17,587 with R? = 0,994 6
I, intepsity of the radiation transmitted through water colimn
Iy, intensity of the radiation transmitted through water-sediment mixture column
R? detdrmination coefficient

Figure B.2 — Calibration-curve obtained for transmission method

From the r¢gression analysis of the-calibration curve (Figure B.2), the values of the constant Afand B were
obtained to|be -17,594 and 17,587, respectively. Therefore, Formula (14) is modified as:

In-**-— B ; p
Pm =—”;1—E—0,05681nﬂ+1=1+0,05681ni

w sw

B.2 Unceé¢rtainty of water-sediment mixture measured using radiation
transmisgion method

The calibration curve presented in Figure B.2 was obtained for six densities of water-sediment mixture
taken from an experimental site. From the regression analysis of the calibration curve, the values of the
constant, slope A and intercept B were obtained to be A = -17,6 and B = 17,6, respectively; while the linear
regression coefficient R was found very high, R? = 0,994 6, which indicates a good fitting.

The factors that influence the uncertainty during the calibration process are mostly the uncertainty of
density (p,,) and the uncertainties of radiation counts, In(/g, /I, ). The uncertainties of A and B are

I
determined from the relation: lnIS—W =Ap,, +B.
w

© IS0 2024 - All rights reserved
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ISW

Calculation of the uncertainties of slope A and intercept B using experimental data ( p,,, In ) of Figure B.2

w
gave the following results:
— uncertainty of the slope A = 0,6
— uncertainty of the intercept B = 0,7

As the calculation shows, the relative uncertainty of the slop is 3,7 % while the relative uncertainty of the
interceptis 4,2 %.

Some thousands radiation counts to be registered provide a relative uncertainty of radiation of 2 % to 3 %.

The uncertgi bination of
several uncgrtainties, such as slope, intercept, and radiation measurement. This can be done with the known
formula ofJncertainty propagation.

Taking accqunt of these factors of uncertainties, an estimation of the final relative uncertainty of the density
of the watef-sediment mixture in water bodies lies within the interval of 5 % to 10-%.

© IS0 2024 - All rights reserved
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