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Preface

This Standard was prepared by the Standards Australia Committee CE-024, Measurement of water flow
in open channels and closed conduits, to supersede AS 3778.5.3—2007, Measurement of water flow in
open channels, Part 5.3: Liquid flow in open channels and partly filled pipes— Guidelines for the application
of Doppler-based flow measurements.

The objective of this document is to provide guidelines on the principles of operation and the selection
and use of Doppler-based and echo correlation velocity meters for continuous-flow gauging.

This document is applicable to channel flow determination in open channels and partially filled pipes
using one or more meters located at fixed points in the cross-section.

This document is identical with, and has been reproduced from, ISO 15769:2010, Hydrometr,: —
Guidelines for the application of acoustic velocity meters using the Doppler and echo correlat:on:met, ads.

As this document has been reproduced from an International document, the following apply.
(@) Inthe source text “this International Standard” should read “this document”.
(b) A full point substitutes for a comma when referring to a decimal marker.

Australian or Australian/New Zealand Standards that are identical alopiions of international
normative references may be used interchangeably. Refer to the onlinz cataiogue for information on
specific Standards.

The terms “normative” and “informative” are used in Stardards t» define the application of the
appendices or annexes to which they apply. A “normative” tnpundia or annex is an integral part of a
Standard, whereas an “informative” appendix or annex is only [ar information and guidance.

© Standards Australia Limited 2022


https://www.stdhive.com/standards/as-3778532022-pdf/

ii AS 3778.5.3:2022

Contents
P@EACE ...t eee et ii
FOT@WOIM .........ooooeeeeeeeeeeeeeeeee oot e ettt e ettt ee et ee e eeeese e \ 4
L S COPC ... 1
2 NOFMAUIVE FEEFEIEIICES ...........oooooooeeoeoeeeeeeeeeeeeeeeeeese e essss oot 1
3 Terms, definitions and abbreviated tEITNS ...t ¥
3.1 Terms and definitions 1
I\ 0] o) =\ T4 T U< 1<) & 0 0 X< .3
4 Principles of operation of the teChNIQUES ... i s
723 S U1 U =10 0D (ol D10 0] o) (= (S . A

4.2 Operating techniques
4.2.1 Introduction
4.2.2  Continuous Wave DOPPLETS ..o oo oo
4.2.3  PULSE INCONETIENT. ..o et

4.2.4 Pulse-to-pulse coherent..........cccore.
4.2.5 Spread spectrum (broad band)
4.2.6 Range gating.........ccecscessen

4.3 Bed-mounted Doppler systems
4.4 Side-looking/horizontal ADCPs

4.5 Acoustic (echo) correlation method ...
4.6 VelOCITY-INAEX TALITIES ..ottt ottt et
5 Factors affecting operation and accuracy :
5.1 General. e e e
5.2 Characteristics of the instrument......./ ..
5.2.1 Introduction ...
5.2.2 Ultrasonic beam angle (continuous wave DOPPIers). ... 12
5.2.3 Beam “width” :
5.2.4  URIaSONIC fTOQUENAY i s
5.2.5 Method of deterriiring velocity 0f SOUNA ...
5.2.6  SINAl PIrOCESSINT ooo. oo
5.2.7 Instrumenthosition and portion of the cross-section sampled
5.3 Channel and water che racteriStiCS . ...
5.3.1 Chanrel ;eonietry ...
5.3.2 Depth
5.3.3 Retli>ctor density and effiCienCy ...
5.304 .  HUMOZEIEILY ..ot
5.3.5 72l0city of SOUNA ...
T.2.,6 Bed-mounted devices: siltation, sensor position...
5.3.,0 Significance of water level uncertainty........
54 T Tt OF W, e
6 SHEE SEIECTIOM. ...
& General
6.2 General site requirements for Dopplers and echo correlation devices ..., 21
6.3 Bed-mounted ultrasonic Doppler and echo correlation devices...........oss, 22
6.4 STAC-TOOKETS. ... 23
T MEASUTCIMICIIES. ..ot
7.1 VEIOCIEY oo
7.1.1 Ultrasonic Dopplers (bed mounted)
7.1.2  Ultrasonic Dopplers (H-ADCPs/side-100Kers)........iissscsesesseseese 23
7.1.3  Echo correlation ...
7.2 Water leVel. ...

7.3 Determination of cross-sectional area


https://www.stdhive.com/standards/as-3778532022-pdf/

AS 3778.5.3:2022 iv

8 Installation, operation and maintenance

8.1 Installation considerations .....................
8.1.1 General.....n
8.1.2 Bed-mounted INSTIUMENTES ... 25
8.1.3  H-ADCPS/SIAE-100KETS .....oooocciiitiisis et 26
8.2 General maintenance CONSIAETATIONS ... 26
9 Calibration, evaluation and VerifiCatioN . ...
9.1 GeNEral..iiesesss s
9.2 Calibration and performance checking
9.2.1 General.....nn
9.2.2 Indexing method........c.cnen
9.2.3  Performance CheCKING ...
10 Determination of diSCRATGE. ... e 20
10.1 General ...
10.2 Velocity-index ratings.
L0000 R €Y 4T = OO
10.2.2 Determination of mean velocity from calibration data
10.2.3 Distribution of velocity in open channels ...t

10.2.4 Forms of velocity-index ratings. ... . N S——

11 Uncertainties in discharge determinations
111 General ..
11.2 Definition of uncertainty
11.3 General expectations of performance
11.4 Methodology of estimating the uncertainty in discharge determination.........ccos

11.4.1  Sources of UNCEItaiNEY ... e
11.4.2 Determination of the uncertainty in the velocit,-inJ'ex rating
11.4.3 Uncertainty in the Stage ... oo
11.4.4  Overall UNCEItaiNLY ...t e s
11.4.5 Uncertainty — Example of uncertainty estimation ...,
11.4.5.1  INErOAUCTION oo e D e
11.4.5.2 Uncertainty in the measur 26 210CIity Upj i
11.4.5.3 Uncertainty in velocity NG X TAINEG UPp oo
11.4.5.4 Uncertainty in tiie S122€ "N€ASUTEMENT UR -cooooerroeeroeeersieresieeseeeseeesseeeeseseeeeeeseeseeeeee
11.4.5.5 Uncertainty in the ¢ross-sectional area uyy
11.4.5.6  UNCertainty Brldg S .ot 39
11.4.5.7  OVerall UNCei A1 UQ vttt
12 Points to consider when <ele.*.1g equipment
Annex A (informative) Celcction considerations for ultrasonic Doppler and echo
COTTEIATION A VICES ..o 41
Annex B (inforniative) kractical cONSIAETations ...
Annex C (ivforinative) Introduction to measurement uncertainty
Annex D (informative) Performance guide for hydrometric equipment for use in
teChNICAl STANAATAS ... 55
Annex L (informative) Sample questionnaire — Doppler- and echo-correlation-
DASEA FLOWINIETET'S ... 57

Pl HUTTAPIY et 62


https://www.stdhive.com/standards/as-3778532022-pdf/

v AS 3778.5.3:2022

Foreword

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

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

The main task of technical committees is to prepare International Standards. Draft 'nternational
Standards adopted by the technical committees are circulated to the member bod’es ‘or voting.
Publication as an International Standard requires approval by at least 75 % of thc. meaber bodies
casting a vote.

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

[SO 15769 was prepared by Technical Committee ISO/TC 113, Hydrom~try, Svocommittee SC 1, Velocity
area methods.

This first edition of ISO 15769 cancels and replaces® IS)/TS 15769:2000, which has been
technically revised.

© Standards Australia Limited 2022
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Australian Standard®

Measurement of water flow in open channels

Part 5.3: Guidelines for the application of acoustic velocity meters using the
Doppler and echo correlation methods (ISO 15769:2010, IDT)

1 Scope

This International Standard provides guidelines on the principles of operation and the selection ana
use of Doppler-based and echo correlation velocity meters for continuous-flow gauging.

This International Standard is applicable to channel flow determination in open channels cna nhartially
filled pipes using one or more meters located at fixed points in the cross-section.

NOTE Alimitation of the techniques is that measurement is made of the velocity of particic=. otiier reflectors or
disturbances.

2 Normative references

The following referenced documents are indispensable for the appi.-atica of this document. For dated
references, only the edition cited applies. For undated references, the *atest edition of the referenced
document applies.

ISO/TS 25377:2007, Hydrometric uncertainty guidance (HUC)

ISO 772, Hydrometry — Vocabulary and symbols

3 Terms, definitions and abbreviated terius

3.1 Terms and definitions

For the purposes of this documert, th = Zerrms and definitions given in ISO 772 and the following apply.

3.1.1
beam angle
mounting angle of the acou 'tiC t-ansducer relative to the normalized profiling direction

Note 1 to entry: Different be xm angles will be suitable for different applications.

3.1.2
beam width
width of the a 'ousic signal transmitted, in degrees (°), from the centre of the transducer

Note 1 tn entry This, coupled with the side lobe of the acoustic signal, will affect the suitability of a particular
instrument for its application, based on the mounting location and the distance of the water volume measured
from the = »nsor.

3..3

L>d-mounted device

upward-looking Doppler or echo correlation device that measures velocities within a beam looking
upwards at an angle through the water column

© Standards Australia Limited 2022
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