INTERNATIONAL 1ISO
STANDARD 9213

Second edition
2004-04-01

Measurement of total discharge in open
channels — Electromagnetic method
using a full-channel-width coil

Mesurage du débit total dans les canaux découverts — Méthode
électromagnétique a l'aide d'une bobine d'induction couvrant toute la
largeur du chenal

—_— Reference number
= — ISO 9213:2004(E)

{Iso__ Documents

= — DocumenéSharing Hub
Copyright International Organization for Standardization p—— ISO 20 4

Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO 9213-2004


http://www.avadocuments.com/doc/iso-9213-2004
http://www.avadocuments.com/doc/iso-9213-2004

ISO 9213:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall
not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.
Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation

parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the
unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1SO 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either 1ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +41227490111

Fax + 4122 749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

- Document Sharing Hub
Copyright International Organization for Standardization © ISO 2004 — All rlghts reserved
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO 9213-2004


http://www.avadocuments.com/doc/iso-9213-2004
http://www.avadocuments.com/doc/iso-9213-2004

ISO 9213:2004(E)

Contents Page

S 1o 0] o1 TP PP P UUPTRTR PR 1

2 NOTMALIVE FEFEIEINCES ...t ettt e e e e e e e e e bbbttt et e e e e e e e e s e nbbbbebeeaeaaeeasaannnes 1

3 Terms and defiNITIONS ...ooiiiiiiii i et e et e e s st e e e e et e e e bbb e e e e enreas 1

4 Principles of operation and PracCliCe ..o e 1

LS N o o] Lo 4 o o B SRR 5

B SEIECLION OF ST ..ttt et e e e e e e e e s bbb be e e e ee e e e s e e e abanbeereeeaaeas 6

AN B L=Y1 e | = U [ I o o o 13 4 0 o3 10 o RSP 6

8  Uncertainties in flOW MEaASUIEMENT ........uiiiiiiiie e 12

9  Gauge calibration and VerifiCation ... 13

Annex A (informative) Site survey for electrical iNterferenCe ......ccccccivviiiiiiii e 14

Annex B (informative) Design aspects of the electromagnetic COil ..., 15

Annex C (informative) Numerical example of the calculation of uncertainty ...........cccoccccviiineeeeeneneenn. 16

Annex D (normative) Gauge calibration ProCedUIe ........c..uuiiiiiiiiiiiia e 17

(271 o] ITe Yo =T o] 1 PP OTUPPP PP 19

Documents

B Document Sharing Hub

ggmg:é ;zti;nmignﬂ i}:g;ijéiﬁi{ﬁggn‘dardiz‘alt;on. ghts reserved 11l

No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO 9213-2004


http://www.avadocuments.com/doc/iso-9213-2004
http://www.avadocuments.com/doc/iso-9213-2004

ISO 9213:2004(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
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 1ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9213 was prepared by Technical Committee ISO/TC 113, Hydrometry, Subcommittee SC 1, Velocity area
methods.

This second edition cancels and replaces the first edition (ISO 9213:1992), which has been technically revised.
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INTERNATIONAL STANDARD ISO 9213:2004(E)

Measurement of total discharge in open channels —
Electromagnetic method using a full-channel-width coil

1 Scope

This International Standard specifies procedures for the establishment and operation of a gauging station,
equipped with an electromagnetic flow meter, in an open channel or a closed conduit with a free water surface.

This International Standard is applicable to configurations where an artificial magnetic field is generated
through which the entire body of water flows. The induced voltage is sensed in such a way that all elements of
the moving water contribute. The equipment described normally requires an electrical mains power supply.

This International Standard is not applicable to devices sampling only part of the flowing body of water (e.g.
velocity meters) or to flow meters which operate by using the Earth's magnetic field.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 748, Measurement of liquid flow in open channels — Velocity-area methods
ISO 772, Hydrometric determinations — Vocabulary and symbols

ISO 1100-2, Measurement of liquid flow in open channels — Part 2: Determination of the stage-discharge
relation

ISO 5168:—1), Measurement of fluid flow — Evaluation of uncertainties

ISO/TR 7066-1, Assessment of uncertainty in calibration and use of flow measurement devices — Part 1:
Linear calibration relationships

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 772 apply.

4 Principles of operation and practice

4.1 This is a velocity-area method of discharge determination. The electromagnetic gauge operates on
Faraday's principle of electromagnetic induction. If a length of conductor moves through a magnetic field, a
voltage is generated between the ends of the conductor. In the electromagnetic gauge, a vertical magnetic field
is generated by means of an insulated coil which is located either above or beneath the channel. The conductor
is formed by the water which moves through the magnetic field; the ends of the conductor are represented by
the channel walls or riverbanks. The voltage generated is sensed by electrodes on the channel extremities and
these are connected to the input of a sensitive voltage-measuring device. The faster the velocity of the water,
the greater is the voltage which is generated.

1) To be published. (Revision of ISO/TR 5168:1998)
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4.2 The principle is widely applied to flow meters in circular pipes running full and in this case approximate
formulae may be generated theoretically and refinement made by calibration through factory produced models.

The open channel flow meter however does not lend itself to such treatment and hence in situ calibration is
always necessary.

4.3 Bevir's formula for the potential generated between electrodes placed in a body of conducting fluid moving
in a magnetic field is given by Equation (1) and illustrated in Figure 1.

E:/BXjX’UXdT 1)
where
E is the potential between the electrodes;
B is the vector magnetic induction;
J is the vector virtual current between the electrodes;
v is the vector velocity function;
dr is an element of volume.
B
v
[ d-
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1 electrode
Figure 1 — lllustration of Bevir's formula

This involves integration between the electrodes over the entire space occupied by the fluid. In practice, the
general case is not solvable since the spatial functions are unknown or difficult to determine. In the simple case
of a rectangular horizontal channel of width w, expressed in metres, with water flowing with a mean velocity v,
expressed in metres per second, in a uniform vertical magnetic field H, expressed in amperes per metre, the
induced potential F/, expressed in microvolts, is measured at electrodes at the sides and is calculated using
Equation (2).
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where
H = Blu
7! is the magnetic permeability of the fluid.

In practice, numerically,
EZuvxwxH

4.4 In this simple case, if the water depth is d metres, the flow ¢, expressed in cubic metres per second, is
given by the following equation:

g=vxwxd=FEXxdH

If the field H is produced by an electromagnet in the form of an arrangement of coil(s), then for a given situation,
H is proportional to the electrical current I, expressed in amperes, in the coil. Therefore

q=K x E xdll
where K is a constant.

In practice, this is an oversimplification and a more generally applicable form of the flow formula, taking account
of non-uniformities, is

q=K x E x f(d)/1
where f(d) is a polynomial function of d.

Usually, a close approximation is obtained where the polynomial is a quadratic, i.e.

q = (EIT) x (K1 + Kad + Ksd®) ®)

4.5 However, there is a sensitivity to non-uniform velocity distribution in the presence of non-uniformities in
other parameters. Though the mathematical treatment is complex, for the purposes of this International
Standard, it may be stated that if the vertical magnetic field is not uniform then changes to the velocity profile for
given flow and depth values will produce an apparent change in the measured induced voltage. This will have
the effect of producing an uncertainty in the flow value determined by the flow meter.

The designer of the flow meter should strive to produce a vertical magnetic field as uniform as possible to
minimize this uncertainty. A single coil above or below a channel may be sufficient if it is wide compared with the
depth of water. Alternatively, better uniformity may be obtained by “saddle-shaped” coils or a pair of coils
deployed above and below the channel. The design of coil systems is not covered in this International Standard
although some design considerations are given in Annex B.

4.6 With most channels, the material comprising the bed and sides will have an electrical conductivity which
cannot be ignored compared with that of the water flowing in the channel (even if the material is concrete). The
apparent induced potential is thus reduced in the same way that voltage at the terminals of a battery is less if
measured whilst a load is connected. Though attempts have been made to determine the effect and allow for it,
these have generally proved unsuccessful. The recommendation is always to line the channel with an
electrically insulating material which substantially removes the conduction path through the channel material
(see 7.2.3).

Depending on the material used for lining the channel, some form of protection is often required to prevent
physical damage by debris being transported along the channel by the flowing water. This protective layer is
usually concrete and this itself will have a conductivity when wet which may be different from that of the water.
The effect of this is much the same as a layer of silt which may settle on the bed and is described in 4.7.
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4.7 A layer of silt settling on the bed (or the protective layer described in 4.6) may have an effect on the
induced voltage and hence the flow calculated by the flow meter.

Assuming the magnetic field is fairly uniform then the effect described in 4.5 is negligible.

If the wet silt has a similar conductivity to that of the water, it will be seen as a non-moving (or slowly moving)
layer of water. This is similar to a step change in velocity profile and the flow meter should be programmed with
an effective bed level beneath the silt (at the level of the insulating liner). If, however, the layer has a very low
conductivity (packed clay for example), it will behave like an extension of the liner. In this case, the flow meter
should be programmed with an effective bed position at the top of the silt.

In practice the effective bed level should be taken as the level of the insulating liner. However, sometimes an
offset (D) to the depth (d) measured from the surface to the liner should be applied. Dy will depend on the
thickness and conductive properties of the silt and will have a value between zero and the thickness of the silt.
D, is obtained by calibration. It is possible, due to thickness or conductivity variations, that the offset may not be
constant and this is a source of uncertainty (see Clause 8).

4.8 The value of induced voltage in a practical application is generally in the range of a few tens to hundreds
of microvolts.

In comparison, the electrodes will be subject to various other effects which produce voltages unrelated to the
flow-induced signal. These interfering voltages (or noise) will have different magnitudes and frequencies and
may be far greater than the induced voltage.

Table 1 gives some indication of the magnitude and frequency of sources of interference that are commonly
encountered. Differential magnitude is that measured between the electrodes; common mode is between either
electrode and ground.

Table 1 — Sources, frequency or rate of change and interference magnitude

Frequency or rate of Interference magnitude Interference magnitude
Source : -
change (differential) (common mode)
Electrical power distribution 50 Hz or 60 Hz 5mVv 15V
High (radio) frequency Much greater than 1 kHz 5mVv 50 mVv
Polarization (electrochemical) 0,01 V/min 1mv 1V

It is necessary to create a recognizable pattern for the induced voltage to enable it to be detected in the
presence of this larger interference. In practice, this is usually done by alternating the direction of the coil current
which causes the induced signal to alternate in synchronism. The signal detection circuit is designed to detect
this signal and reject the interference. The choice of the alternating frequency is limited on the one hand by
considerations of inductive power loss in the coil and on the other by the need to avoid the frequency of
interference, particularly 50 Hz or 60 Hz. This is often a problem in the vicinity of power distribution systems
using protective multiple earthing (PME). High frequency (HF) interference is not a problem because it is
normally significantly higher than the alternating frequency of the coil. A simple input filter removes it.

Polarization is due to electrochemical action between the water and the electrodes. Though large voltages may
occur, they are easily removed electronically unless they are fluctuating at a similar frequency to the alternating
coil current. This may be the case in foul sewers when wave motion against the electrodes can occur.

In addition, lightning can produce voltages of thousands of volts, which should be withstood to prevent damage
to the flow meter input circuitry.

4.9 Since the coil current is alternating, the possibility exists of electrical “breakthrough” or “coupling” to the
electrodes or their connecting cables. Since this coupling would be at the same frequency as the coil-switching
signal, it would combine with the flow signal in the synchronous detection circuit to produce an offset voltage.
The mechanism for this coupling may be capacitive, inductive or conductive. Care should be taken in the layout
of the coil and electrode elements of the flow gauge to ensure symmetry to minimize the capacitive and
inductive effects. The quality of insulation of cables and joints should be good to avoid conductive coupling
between the elements.
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