INTERNATIONAL ISO 748
STAN DARD Fifth edition 2021-11

CE P
1S0748
A (20214E11 H AR

Hydrometry - Measurement of liquid
flow in open channels - Velocity area
methods using point velocity
measurements

Hydrométrie - Mesurage du débit des écoulements a surface
libre - Méthodes d'exploration du champ des vitesses utilisant le
mesurage de la vitesse par point

KT &
34 PR T 1
Aok P s 0 3ok T R

2023581 BE—hREFER, (XAFIFEIER
FELFRRINAARIGIMNE

Reference number
ISO 748:2021(E)

©1S0 2021




ISO 748:2021(E)

& COPYRIGHT PROTECTED DOCUMENT

© IS0 2021
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication
may be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or
posting on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the
address below
or ISO’'s member body in the country of the requester.

ISO copyright office

CP 401 « Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

2 © IS0 2021 - All rights reserved



ISO 748:2021(E)

H%

Contents
Foreword 5
1 Scopeif fEH] 9
2 Normative references }i it 2% ik 9
3 Terms and definitions Rif 5 & X 10
4 Principle of the methods of measurements l| & J5i2: 1] J& 10
5 Site selection 7% ¢ 10
5.1 Selection of Site I ATIETE ....ooeoeeeeeeeeeeeeeeeeee ettt 10
5.2 Demarcation of SItedZ/ TR TE ...ovoveveeeeeeeeeeeee e 11
6 Measurement of cross-sectional area i i W7 [ i A7 1l & 11
8.1 GENEIAIMEIR ...ttt ea ettt et et a e ettt es e eaeaennaas 11
6.2 Measurement of Width B FEATIIER ........o.covoimoeeeeeeeeeeee e 11
6.3 Measurement of depth TR AT B ........oveeeeeeeeeeeeeee e 11
7 Measurement of mean velocity 33 B )l & 13
7.1 Determination of mean velocity using point velocity measurements
A5 FH U M TR T TE P ITIE oot 13
741 GENEIAI HEIR ...ttt ettt ettt et aeaenens 13
7.1.2 Measurement proCedUreM EEFE T .......cvovueveeeieeeeeeeeeeeeee e 13
7.1.3 OBNQUE FIOW B FITKI oo eeeeeeee e eeeeeeeee e 15
7.1.4 Determination of the mean velocity in a vertical il & 3 B J7 6] f) P2 ... 16
7.1.5 Integration method AL ....c..vvveeeeceeeeeeeeeeeeeeeeeee e 20
7.1.6 Errors and limitations 2 Z= FURPRYE ..o 20
7.2 Determination of mean velocity from surface velocity 45 7K i # i PR E ... 21
721 GENEIal MEIR ..ottt anaesenas 21
7.2.2 Non-contact systems JEFEMR UM EE ZR G .o, 22
7.2.3 Surface one-point method by current meter J i i1 & /K [ 8 55 V... 22
7.2.4 Measurement of velocity using floats FH 7RI B IR .......oveeveeeeeeeeeeeeee e 22
7.2.5 EXCEPHONS MM <.vovoveeeeeeeeeeeeeeeeeeee ettt 22
7.2.6 Main sources of error 1% 2 1 EERYE oo 23
8 Computation of discharge i & )it 5H 24
8.1 Arithmetic MEtNOASHL AR 7V ...t 24
8.1.1 GENEIAl MEIA ...ttt 24
8.1.2 Mean-section method BT T2 ..o 24
8.1.3 Mid-section Method FHHTTHITE ........cveveeveeeeeeeeeeeceee e 25
8.1.4 Bathymetric verticals TR TE ELTE .....coveveeecreeeeeceeee e 26
8.2 Independent vertical Method JH 37 FE LI ..o 27
8.3 Mean-section method - Horizontal planes 35 - 7K T oo, 30
9 Uncertainties in flow measurement i & il & () AN € R &R 31
9.1 GENEIAl HEIR ..ottt 31
9.2 Method of calculating the uncertainty in discharge by measurement of velocity by
current meter A B AN 2 BRI ZR I TT BT e, 32
9.2.1 GeNEIa IR ..o 32
9.2.2 Contributory uncertainties T BEEUEIATAE I 2R oo 32
9.3 Method of calculating the uncertainty in discharge by measurement of velocity
using floats FH bRl 38 B TSI & A E R R T e, 36
9.3.1 GENEIAI HEIR ...ttt 37
9.3.2 Contributory uncertainties FJ B2 AT E K 22 oo 37
9.3.3 Combined uncertainty in discharge Jit &I ZE A A 2o, 38

3 © IS0 2021 - All rights reserved



0.4 LIMItAtONS S R 2 oo e et e e et e et et et et e e e e s e e e e e s et e e e s e e e s et et e s eeesesesenereneeas 40

9.5 Interpolated variance estimator (IVE) $fi{E 77 Z it (IVE) oo 42
L I G T O L USROS 42
9.7 FlAUIE FIAUIEIZ ...ttt 42

Annex A (informative) Use of point velocity current meters

By A (BERHIE SO ) R i A ) A 44
Annex B (informative) Surface velocity measurement using floats

Bt B(BSRMESCIR) AV B0 7K T A0 ) 2 49
Annex C (informative) Example surface velocity systems

Bk C CBRMESTI) /KT IE RG] 55
Annex D (informative) Uncertainties in the velocity-area measurement

Bisk D CBORME ST ) i X il &2 () AN s o 1 58
Annex E (informative) Velocity measurement under ice conditions

BSRE (BURMAESCHR) UKTH AT T I FE N &= 63
Annex F (informative) Corrections for wetted length of wire when measuring depths with

wire not normal to surface
B F (BRI SCAR) 78 005 R B 56 3 2R 9 i K B2 4 JE B 4 AN TE /K T _E i IRV K B IE... 74
Bibliography %% CH#k 78

4 © IS0 2021 - All rights reserved



ISO 748:2021(E)

Foreword §j =

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

ISO (EEFFREMLALD & iE Kb (SOR BRI R 2RSS, 5 H b
Bt I T A8 3 ISOH AR TS B AT I . R HORTS B AR (0 RO, R
R MBIRAE S INZZ R 2. 5 b A A LU0 1 [ B4 R A B 428
mgiﬁﬁiw°Eﬁﬁ@%ﬁﬁ%ﬁ%%zﬁﬁéﬁ%<EC>%%%%I%@%M@%E%
IME.

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 documents should be noted. This document was drafted
in accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see
www.iso.org/directives).

FH T 5 A b vl AR e R S — 2 4 AR E R P72 (ISONECHRS1Y 2R3 A Frfiiik
HARERN I, AEZEAEISO AT EARF KA HEbr . AbriE 2 idE (ISO/IECHEE]) 5258
SRR LA G Wwww.iso.org/directives) .

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights. ISO shall not be held responsible for identifying any or all such patent
rights. Details of any patent rights identified during the development of the document will be in
the Introduction and/or on the ISO list of patent declarations received(see
WWwWw.iso.org/patents).

THER, AhRHE T RELE AR AT REE LRI R o ISOMEA T T IR AR B BT 2R L AL
FESCAFIT R R PR DL AT L RIBLR 4055 4545 T 5 A BAEISON R 1 L R = M #1 rp (o

Lwww.iso.org/patents) .

Any trade name used in this document is information given for the convenience of users and
does not constitute an endorsement.

AR s T AR AR R it A4 MO 7 (T P TR BERIAE R, AN Ot He AT

For an explanation of the voluntary nature of standards, the meaning of ISO specific
terms and expressions related to conformity assessment, as well as information about
ISO’s adherence to the World Trade Organization (WTO) principles in the Technical
Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

FTARAER) B EVERT IR, 58K UFE A RSO E REMEL T K& 3, BLAKRTISO
FERARMER B2 (TBT) PESFHEAH AN (WTO) JFIWKHE S, R

www.iso.org/iso/foreword.html..

This document was prepared by Technical Committee ISO/TC 113, Hydrometry,
Subcommittee SC 1, Velocity area methods, in collaboration with the European Committee
for Standardization (CEN) Technical Committee CEN/TC 318, Hydrometry, in accordance with
the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).
KAFEHISOITC 137K TR Z 42 SC /N FETHAREZS T 22 5 AR AL 25 512 (CEND
FORZE 7122 CEN/TC 318K 1 AR T G, 1RIEISOE CENZ I AR GER L  (4ith
AU D) w5 .
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https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html

This fifth edition cancels and replaces the fourth edition (ISO 748:2007), which has been
technically revised. The main changes compared with the previous edition are as follows:

5 TLREBOE HFEUR T DR (ISO 748:2007) , JEXRHIEAT THARMBIT. SE—okEL, T
AR

— the document has been updated to take account of technological developments
DN N AR, S R AR N A B R

— Clause 7 has been revised to reduce uncertainties in measurements
Xf BT FBAT VAT, RLIR/D B AN i TR 3%

— 1SO 9196 regarding measurement under ice conditions has been incorporated
AN T R UK T I E#1SO 9196.

Any feedback or questions on this document should be directed to the user’s national
standards body. A complete listing of these bodies can be found at www.iso.org/members.html.
R AR AT AT 2 158 G i 88082 T 4 1) P ) I SRR LA 2 L o X LA 1) 58 44 B R AE

WWW.iso.org/members.htmlZs 5 .
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Hydrometry - Measurement of liquid flow in
open channels - Velocity area methods using
point velocity measurements

7RSI B~ B R A Y0 5 )00 - e T 0 P e i AR

1 Scope EHTEHE
This document specifies methods for determining the velocity and cross-sectional area of
water flowing in open channels and for calculating the discharge employing point velocity
measurement devices.

AHRHERLE T B SR /KRUHE A e W T A, AR A R S S SR R I T i

It is applicable to methods using rotating-element current meters, acoustic doppler
velocimeters (ADVs), acoustic doppler current profiler (ADCP) stationary method, surface
velocity measurement including floats and other surface velocity systems.

A T 7 ORI A2 B (ADVs) | A2 R R IE A (AD
CP) #filid . ALFEER AR H A 7K T M 5 28 48 ) 7K T I &7 2

Although some general procedures are discussed, this document does not describe in detalil
how to use or deploy these systems.

HIRAARUERE 7 —S@ LR, (B IR VELNFE Qo il FH i X S R 4t

NOTE iE:
For detailed procedures, refer to guidelines from instrument manufacturers and the appropriate public
agencies.

KT VEHIRIERETT, 1525 (A3 i ATAR R (1 A SEH LR B 46 7

2 Normative references #1314 2% ik

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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.

A LU SR SO Je, AR o0 s i P9 AL A R v R 2SR e -3 B H IR 225 SR
ACE T gl FHRIRCAS, TR RE R H IR 225 50, &M T Irs 25 S sof A (a4
FEFEITRO -

ISO 772, Hydrometry — Vocabulary and symbols 7k Xl 5% - ia]7l 177+
ISO 25377:2020, Hydrometric uncertainty guidance (HUG) Kk XA # & M5 (HUG)

© IS0 2021 - All rights reserved 9



3 Terms and definitions K& 5 & X
For the purposes of this document, the terms and definitions given in ISO 772 apply.

AR FHISO 7729 AR BRI E s

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

BR AL ZH 2R e o T2 53 2 £ DA Uk 237 F A oA iR AR 8 e

— 1SO Online browsing platform [H Fx #x #E 4 20 21 7F 28 Wl % °F & : available at
https://www.iso.org/obp
— |EC Electropedia # ¥ 1 £}: available at https://www.electropedia.org/

4 Principle of the methods of measurements | & /7 7% i) Ji7 B

The principle depends upon determining velocity and cross-sectional area.
U PR TR B 2 P Mo gt W T TR

This is characterized as shown by Formula (1):

HF 22 (1) fos

Q=VA ()
Where H
Q isthe flow (m3/s); Q ZiiiE (FAfL: m3/s)

V is the mean velocity (m/s) (averaged over the cross-section);

S FERIE (mis)  GERBImAF4MED

5 Site Selection FHi %%

5.1 Selection of site 3 {11k F¢

It may, under certain conditions of river flow or level, prove necessary to carry out
measurements on sections upstream or downstream of the original chosen location. This is
quite acceptable if there are no substantial unmeasured losses or gains to the river in the
intervening reach and so long as all flow measurements can be related to any stage value
recorded at the principal reference section.

FEFELE IR B B AL 2% R, AT RE TR A BRI SR A b AU B B RS o BEAT DU .t 2R
A H 18] FRVA] BB AT R A & ) EE R BN AT, AT NS AR D Aar I e, 170 HL R BT A e e )
#hie 5 EESH WK KA BAE A OC

NOTE VEix:
Ideal measurement conditions can be found when all requirements are satisfied. If ideal conditions
are not available, it is still possible to make a measurement, but uncertainty will be increased.

AP EORAAG BN L, MR 1 BRI B2k A . A A R BB S, AKIH AT RAEEAT
=, HEAE R R SR

© IS0 2021 - All rights reserved 10
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5.2 Demarcation of site 371Xl E

5.2.1 A permanent station, or one likely to be used frequently for future measurement, shall
be provided with means for demarcation of the cross-section and for determination of stage.

AR ANE S /L B AN AT ARG U R 0 o N Rl R T A I TR R E B B
IRHHE -

5.2.2 The position of each cross-section, normal to the mean direction of flow, shall be
defined on the two banks by clearly visible and readily identifiable markers. Where a site
is subject to considerable snow cover, the section line-markers may be referenced to
other natural objects and, if possible, the position noted using a global navigation satellite
system (GNSS).

FE—d W A B, RSP R VAL b, AR N R CATE I AT LA & 1 R 0l B AR T SR A
Eo WHRIIGAE KBRS, Wiirid ol S BHAD B AP, WRTTRERE, wIdH 4k
SH IR RS (GNSS) idFiHE.

5.2.3 The stage shall be read from a gauge at the start and end of the measurement
period. If the water level changes rapidly, a level measurement is recommended to be
taken at least every 30 min.
FE I 5 1 1R) () T a6 RN S5 AR, AR b AL TR — B B o A R KA AR AR H,
2/ AE3075 Bl B — OK AL

5.2.4 An auxiliary gauge on the opposite bank shall be installed where there is likelihood of
a difference in the level of water surface between the two banks. The mean of the
measurements taken from the two gauges shall be used as the mean level of the water
surface and as a base for the cross- sectional profile of the stream.

FE W KT AT BEAFAEZE R I OL T, BEAERT B 22— MBI K R . PIAS KA -0 2 /-1 1
AE AR KT B 297K, AR DTl i o 3 B T 1 T F i

6 Measurement of cross-sectional area i 7 W 1 o 5 16 I &

6.1 General H{i&

The cross-sectional profile of the open channel at the gauging-site shall be determined
at a sufficient number of points to establish the shape of the bed and to minimize the
uncertainty in the calculation of the cross-sectional area.

002 0 ) R e VA B ) E N AE R 8 2 i R B EAT, ATy T BRR AR, IR R
/b o i B o o AR T B AN E TR R

6.2 Measurement of width % & [l &

Measurement of the width of the channel and the width of the individual segments shall
be obtained by measuring the horizontal distance from or to a fixed reference point
which shall be in the same vertical plane as the cross-section at the measuring site.

DR W8 BN 2% B TR R I NOE W B E 25 KPR RS, %S AN S TR
b R AL A T Ak R 3 L

6.3 Measurement of depth % J& [l &

Measurement of depth shall be made at intervals close enough to define the cross-
sectional profile accurately. The number of points at which depth is to be measured
shall be at each vertical where velocity is measured.

TR A I 58 8 DA W8 3 TR R 2E AT, DAHE R F 5 o I W T PR 0 G o 006 8 1) o ) SR 1
R B P B L AT

The number of sampling verticals depends on the variability of the water depth in the
cross-section. This number is adequate when the number of points does not
significantly change the value of the cross-section obtained.

© IS0 2021 - All rights reserved 11



HRURY: i B 0 Bl i B e T R I T R KR I RIS B o 2 s R A 2 1R B 3R AS 1 i R
T TR ) A T B R, R S A R R

Where it is impracticable to take more than one reading of the depth, the uncertainty in
measurement may be increased (see Clause 9).

WUERASREXS IR BEREAT — R LA R R LA, DS AT T R m (REWL 28955

When measuring depths with a wire not normal to the surface, see Annex F.

2 AN 2 BT KT ) <8 2 B IRFERS , 155 W -RF

© IS0 2021 - All rights reserved 12
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7 Measurement of mean velocity 32yt 1)l &

7.1 Determination of mean velocity using point velocity measurements 1 f 1

N B o T

7.1.1 General #{id

A range of instruments are available to measure point velocity. These are described in
Annex A .

A 00 R P A AR AR, VR N O 3R 7T LT A oRA

7.1.2 Measurement procedure JII %7

Velocity observations are normally made at the same time as measurements of the
depth. Where, however, the two measurements are made at different times, such as at
a pre-surveyed station, the velocity observations shall be taken at a sufficient number
of places, and the horizontal distance between observations shall be measured as
described in 6.2 and 6.3.

R WL I8 S R B DN R R AT o SR, A R AN U A AN [ (I [ BEAT R, 5
FE > TS Bl ARl o, 3P UL N 2 A A % R R T 3R AT L 1) R KT B N 4 6. 2
6. AR AT I

For all measurements, the best professional judgement of an experienced
hydrographer should be used, and detailed notes regarding the measurement and
assumptions made should be included in the record.

FIv A DN £ A P A 2 06 1) 7K St B 2 53 I die A I i AT, R AR IS SR B AT S B A
B ) P 2 U

In judging the recommended minimum number of verticals in small channels that are to
be defined for the purpose of determining flow at a particular location, the following
criteria shall be applied.

FE S W g B R 5 — 0 U e R R T A G ) /N TR T P S D e/ T L RE O, R T DA A
i

—  Channel width Z&it

ﬁﬁ#
[
K
A
o
)
3
S
v
o

—  Channel width %1

(ﬂﬁ{»
=
W
v
o
o
3
(m
A
o
3
S
Y,
N
S

—  Channel width %

(ﬂﬁ{»
=
W
v
o
3
S
Y,
N
N

As far as possible, verticals should be chosen so that the discharge of each segment is
less than 5 % of the total and shall not exceed 10 % of the total.

Ih1a L £ R R REAE REBL IR BN T B EIS%, HARBEE S ER10%.

For very small channels, practical considerations do not always allow the
recommended minimum number of verticals.

FEH /N AE S B b AN — 5 RE Ik B B B/ R LA

The distance between two verticals shall be greater than the width of the sensor and
should not be less than the minimum recommendations of the specific instrument used.

9 2% T L2 2 1] ) P02 K T AR AR I T8, I HLAN L/ T i 46 P £ B A3 288 1) i /N S AL
fh.

In all instances, measurements of depth made at the water’s edge are additional to the
above. The first and last verticals shall be as close as practically possible to the water’s
edge.

© IS0 2021 - All rights reserved 13



FEFTAIGOLT , ALK BEAT BRI B2 0 EIRHE B Ah 78 . B8 — A Jg — 4> 3 B
JER] e SET KA

The device used for point velocity measurement shall be held in position for a minimum
of 30s to obtain a good representation of mean velocity. It shall be held so movement
of the instrument is minimized during the measurement period.

FH T o B 0 (R A B 22 /D AR R BOFD IR (BI BE, A e i e b M 00 3810~ P ek o AE I 0
NS B S R B .

In channels where the flow is unsteady, it is possible to correct for the variations in the
total discharge during the period of the measurement not only by observing the change
in stage, but also by continuously measuring the velocity at some conveniently chosen
point in the main current.

TEF R AR E R BRIE b, AT DUE 1L 520 B ) A AL SR A 1E W 2 3] () Gl i B i AR 4k, 3k
A AT e 2 0 R T KU Hh A T R B ) AR R A O

For continuity with previous versions of this document, the following criteria can be
used but the level of uncertainty of the overall measurement will be much greater.

N T 5 A B HE LRI B FRAS OR R — B0, o] DUE T BAR AR, (A0 2 00 AN 1 MR KPR K
KA

— Channel width &% %< 0.5 m n=5%6
— Channel width &% %> 0.5mand <1 m n=6%7
— Channel width ZZiE %> 1 mand <3 m n=7%12
— Channel width ZZiEFi /%> 3 mand <5 m n=13%16
— Channel width RIEW/Z> 5 m nz22

See Table D.6 for guidance on percentage uncertainty in measurement of mean
velocity due to a limited number of verticals.

T BT R BEAR, 722 D6 & 51 Yoy B & B AN E L L.

7.1.3 Oblique flow &} K%

If oblique flow is unavoidable, either the velocity component perpendicular to the cross-
section should be measured directly or the velocity magnitude measured and corrected
based upon the angle from perpendicular. Special instruments have been developed
for measuring the angle and velocity at a point simultaneously. Where, however, these
are not available and there is insignificant wind, the angle of flow throughout the
vertical can be assumed to be the same as that observed on the surface. This angle
can be measured with appropriate equipment provided that the operator is located
above the measurement vertical. If the channel is very deep, subjected to tides or the
local bed profile is changing rapidly, this assumption shall not be accepted without
confirmation.

A R ARHE K e T e, N TR T A R >, GRS R, IR AR
53 BT 1A A FEBEAT IR o H AT A 17D T [R] I 005 58— s A R 2 AR . (H
FETFEPAF IR LA ES . HBA IR RIS AF T, AT DU A 5 B 7 17 A3 3h A L
5K _EAER B A AR . XA AT DUATE i e R DN, OB AR 35 7 & o
Bz Fo WRFIERE, Z22WH AW, B8 L RIS BRI, £ RN
ML T, IXRMR A

© ISO 2021 - All rights reserved 14



If the measured angle between the flow direction and the perpendicular to the cross-
section is 6, the velocity used for the computation of flow discharge shall be as shown

by Formula (2):
T SR 9 ) g e T LT AR N, FH T R E R N A A 20 (2) FiR:

B (2
V. =V, X cos0
Where H:rf
v, s the velocity corrected T2 1E 5 PR T

v, Is the velocity measured il & [f)ifi

© IS0 2021 - All rights reserved 15



NOTE 7E:

Some current meters are equipped to measure the normal component of velocity directly when
held perpendicular to the measurement cross-section in oblique flow. This correction is not applied in
such cases.

%%ﬁi@‘x%&@ﬂ%ﬂﬂfﬂr’mk?fﬁtljﬁﬁ??ﬂ!ﬂ%%ﬁﬁﬁﬁﬁ%iﬂﬂ%ﬁ%%ﬁr’ﬁlﬁj\%o XA IEAE X
RV

7.1.4 Determination of the mean velocity in a vertical il & = B J7 [ ()7 29 I i

7.1.4.1 Choice and classification %A1

The choice of the method for determining mean velocity depends on certain
factors.These are safety, time available, width and depth of the channel, bed
conditions in the measuring section and the upstream reach, rate of change of stage,
degree of accuracy desired and equipment used.

T 2 V389U 77 i P e TSR 3 DR L e 4, TR [ R ) 5
FNRFE W& BOA ] B SRR SR W BRI AR A AR, i e FRORG B R PR RIS AR 4%

These methods are classified as follows: iX$6 75350 240 F
a) velocity distribution method (see 7.1.4.2) i Ak (HEN7.1.4.2) ;
b) reduced point methods (see 7.1.4.3)i 575 (F#NL7.1.4.3) ;
c) integration method (see 7.71.5)Jf# FLllyE (FEWL7.1.5) .

7.1.4.2 Velocity distribution method & & 4 fi i

Using this method, the values of the velocity are obtained from observations at a
number of points in each vertical between the surface of the water and the bed of the
channel. The number and spacing of the points shall be so chosen as to define
accurately the velocity distribution in each vertical with a difference in readings
between two adjacent points of not more than 20% with respect to the higher value.
The location of the top and the bottom readings shall be chosen, taking into account
the specification under 7.7.2 and 7.1.3.

Ao IR i, T A A e A K TR SRR 2 1) Y A 3 L5 1) b R — S R L A5 S
A AR N T B ) 45 7 8 A A 8 SCREAN 3 L 1) R T REE AT, R 4T A s 22 18] PR 3 05 v
IE A Z AN 20 % o FEE 75 TR AR E LB AL B, N5 7.1. 2R 7.1. 3 HLUE M AN 1

A

This subclause deals primarily with the determination of mean velocity in the
vertical. It can be necessary to apply the same principle to the determination of mean
velocity close to the vertical side or wall of a channel. The velocity curve can be
extrapolated from the last measuring point to the bed or vertical side of the channel by
calculating vx from Formula (3):

AN B B ) T I W . T S B L 0 TV, T A
I D I 5 U S0 30 EEF F44 9730 B 4  B W /0 A B 1 R R
B, AL (3D P vy

X \m
szvaH
a

Where H
vx is the open point velocity in the extrapolated zone at a distance x from the bed or
vertical side & Wr [X H PE B U2 )i Bl 12 H. 17 x A (1Y) T 0 A ;
va is the velocity at the last measuring point at a distance a from the bed or
vertical side & & o — M E S E,  FE B 0 R Bl EE H 1 1 EE S N
m is an exponent ;& — %L

16 © IS0 2021 - All rights reserved
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The mean velocity, ¥, between the bottom (or a vertical side) of the channel and the nearest
point of measurement (where the measured velocity is v,) can be calculated directly from

Formula (4):
HIE RS (aaEE ) M E S G EFRE VL) B ER Ry B A2 (4) |
B

m

% (4)

V= a

m+1

Generally, m lies between 5 and 7 but it can vary over a wider range depending on the
hydraulic resistance. The value m=4 applies to coarse beds or coarse vertical sides while
m=10 is characteristic of smooth beds or smooth vertical sides

— R, mAESHT A BUAE, B AT DAAE BE K98 Bl N AR A, R HEUE B R 1K AT B
ﬁo m=4 FR R T H RN P 2% RS IORF A 10 8 BLTT, 1T m=1 02 D' i 1 288 e B0 T 1Y) S L I )
FAIE

m is obtained as shown by Formula (5):
mua] AR 2820 (5D 13

-F [\/;HCW +0,3) )
Ho

g is the acceleration due to gravity (m/s2) = /703 &
Cver is Chezy’s coefficient on a vertical (mes/s) Chezy 7t H /7 7] [ &%
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NOTE ¥

An alternative method of obtaining the velocity in the region below the last measuring point is based
on the assumption that the velocity for some distance up from the bed of the channel is
proportional to the logarithm of the distance X from that boundary. If the observed velocities at
points approaching the bed are plotted against log X, then the best-fitting straight line through
these points can be extended to the boundary. The velocities close to the boundary can then be
read from the graph.

I3 R BRAT B e — AN R DT DX R VS A T IR AR e AT TE TR RS R _E S B R A
T B 200 SRR O IE B o G0 SRS T TR R 4 % e UL N 3 R X B R 4 T T TR
1 fo CE AU B B2 AT DASE A 270 5. AR5 AT DU I i3t S S 3 R U

7.1.4.2.1 ADCP stationary method ADCP# 111

In the ADCP stationary method, the ADCP is held in a specific location for a specified
time and then averaging the data at that vertical to obtain a mean velocity profile or a
depth-integrated mean velocity at that location.

{EADCP#f1EVET, ADCPAE—MRF € B B ORFE — % MU TR], 28 )5 012 3 B A7 B A H a3
ATV, A5 Bz B S5 2 s FE AR 4P SR

It should be noted that ADCP instrumentation cannot measure velocity near the ADCP
transducers, above the transducers or near the bed. Current manufacturer software
allows extrapolation in these areas based upon the measured velocities to compute a
mean velocity for the vertical.

EAERAIEZENZ, ADCPHEIIAGEN EADCPH#Reds i, Heaeds by 8RR I M
T o —H BT 13 R B T AR 0 A A X e DIk AT AN, T AR T R A 2

7.1.4.3 Reduced point methods & s

7.1.4.3.1 General iR

These methods, less strict than methods exploring the entire field of velocity, are used
frequently because they require less time than the velocity-distribution method (see_7.7.4.2).

KL TTIRA MR R A TR L (07364, (B WM, DUONE AT B 7 A vk i S0 (FF L
7.1.4.2) .

It is recommended that for a new gauging section the accuracy of the selected method be
assessed by the velocity distribution method.

FEVOS T —ANBT KD B, I B 3 AT 2R VP Ak BTk 7 ¥ I HE R 2

7.1.4.3.2 One-point method B 5%

Velocity observations shall be made on each vertical by exposing the current meter at 0,6 of
the depth below the surface. The value observed shall be taken as the mean velocity in the
vertical.

JS2AE A A 3 BT ) b BEAT SOOI 5 R R FR e AR KT R 0.6 IR L . WL BB NAF N % TR B
T P~ 257970 33

7.1.4.3.3 Two-point method 7% 5=

Velocity observations shall be made on each vertical by exposing the current meter at 0,2 and
0,8 of the depth below the surface. The average of the two values shall be taken as the mean
velocity in the vertical. See Formula (6):

8L AE A 3 LT 0] B BEAT O LI, AR KR 0.2F00.8 [ %R 5 BR A o X YA E B 24 {8 R AR
AR BT RE, 2 (6):

VZO,S(VO'Z +V0,8) (6)
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An alternative method of determining the mean velocity of a vertical is the Kreps method which
uses velocity observations at the surface and at 0,62 of the depth below the surface.

T 2 2 L7 ) P S0 ) 5 — R 5 ik & Kreps i, 6 {8 FAE 7K TR ZK T DA R 0.6.2 35 2 R At 33 ULl

When using the Kreps method, velocity observations shall be made as near as possible
to the surface and 0,62 of the depth below the surface. See Formula (7):

M F Kreps 77 i, JUHOW I RS AT A SE K TH AR F0.62 5 2, A (7D .

V=0,31XV0 +0’634XV0,62 (7)

NOTE #:
The Kreps method, which was developed by the Austrian hydrologist Harald Kreps, is also a two-
point methodr,

Kreps J5 %42 1 B R /K S22 5% Harald Kreps TR (1), 42 )8 T e —fh
7.1.4.3.4 Three-point method = g%

Velocity observations shall be made on each vertical by exposing the current meter at 0,2,
0,6 and 0,8 of the depth below the surface. The 0,6 measurement may be weighted and
the mean velocity v obtained from Formula (8):

T“T!:/l\ﬁﬁﬁﬁb‘ﬁ TR I, E7J<7Eﬁ<02 0.6 F10.8 17 52 28 & it i AL . 0.6m i1t Il & ] LA
AL, FEMAZL (8) R EIF

V= 0, 25(V0,2 + 2V0,e+ VO,B) (8)

7.1.4.3.5 Five-point method T 5%

Velocity measurements are made by exposing the current meter on each vertical at 0,2,
0,6 and 0,8 of the depth below the surface and as near as possible to the surface and the
bed. The mean velocity v is obtained from Formula (9):

L I B B I AR KT 0.2 0.6 81089 5 HREA 3 HL sl b B Fe R A, IR AT E 5 I /K T A4
JEKHEAT . FEIREVH 2020 (9) 135

v=0,1(vp+3vg, +3vg g +2V g +Vpeq ) ®)

7.1.4.3.6  Six-point method 75 &

Velocity observations are made by exposing the current meter on each vertical at 0,2, 0,4,
0,6 and 0,8 of the depth below the surface and as near as possible to the surface and the
bed. The mean velocity v can be found from Formula (10):

TEOI R AE/KTH 70,2, 0,4 0,610,874 i &> B E R FRUEA, IS AT RE ST /K T A1 2

. “FIEA 22 (10) HA5:
v=0,1(vo+ 2v0 220 o+ 20 4% 2v0 5+ Voo ) (10)

7.1.4.3.7 Alternate sampling methods &/X3¢kE 5%

Alternative sampling methods for determining the mean velocity in the vertical may be
utilized under exceptional circumstances, e.g. high velocity, rapidly changing stage or
floating debris, provided the method applied can be demonstrated by experiment to give
results of a similar accuracy to those listed above.

TERFRNTOL T, Wm Il HOEAR A R B Bl 1, ] B AR KRR 5 R i 5 3 EL
P I0E, AR BT S 07 V50 208 i S E B L 45 2R 5 FaR T vk B AR RS B2 .
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7.1.5 Integration method B M

In the integration method, the velocity throughout each vertical is measured by raising and
lowering a current meter through the entire depth on each vertical at a uniform rate. The speed at
which the meter is lowered or raised should not be more than 5 % of the mean water velocity and
should not in any event exceed 0,04 m/s. Two complete cycles should be made on each vertical
and, if the results differ by more than 10 %, the operation (two complete cycles) should be
repeated until results within this limit are obtained.

FEARMIYE A, A3 2 LI (1 00 2 18 0 7E A 2 BT AR AN VR BE B DA3S) 50 ()t v A ARG Jt Tl A
RINEE Y o R IHA T B Bl b T s AN BB~ ) K5 %, FEARAAT IR 0L T #RAN B 1 0.04 K /45
TEAFANHE FL 7 1) BT A e B IE I, WURE RAH Z IS 10%, NN EE#IE (A 2B
), BHIFRGEA RN 4SS

The integration method gives good results if the time of measurement allowed is sufficiently long
(60 s to 100 s). The technique can be, but is not normally, used in depths of less than 1 m.

W 2R SO VE I F] 2 51 (60FD = 10040) , AL AT LA BIILF5 IS5 Ao AZBOR ™ TR/
TUKRIIHTT, AR IR AE R — AN I

The average number of revolutions is the total number of revolutions divided by the total time
taken for the measurement in that vertical. The average velocity can then be read from the
instrument calibration corresponding to the average number of revolutions. Uncertainties
introduced by using meters with more than one calibration equation should be avoided.

S S5 B S ok DAAE 2 B o) B T 5 PN ) o SRS AT DDA S A HORH R S A R A T
T A S 3RE G M TR A A DA 5 R AR s SR ) AN R

7.1.6 Errors and limitations 1% % 1 5 R 4%

Estimates of the possible errors that can occur when using the various methods detailed in 7.2 are
given in Clause 9. It should be noted that these estimates are of possible random errors which can
occur even when all the precautions noted earlier and below are observed. If the measurement is
not made under these best conditions, additional uncertainty shall be included when estimating the
overall uncertainty of the measurement.

#9745 T AEH 7. 270 PR i) & M7 i mT RER AR R ZE A THE . SRR S, XS
XF AT R AR B AL R 22 A T, B ~F 1 DR T 52 3 10 B TR fe it o R A . i SR E A
FEAEIX G I AR SR A N REAT I, AEAS T & AR AN E B, RO AN E N RN E S .

Errors can arise: A] fE4> LK% %
a) if the flow is unsteady; % i & A fa €
b) if material in suspension interferes with the performance of the current meter;
R TEYIIE T ORI E T
c) if oblique flow occurs, and the appropriate correction factors are not known accurately;
AT R KR, HEEE S IE R
d) if the instrument used for measurement of velocity is outside the range established
by the calibration;
A 1 DN A R T R P 5 ) Y
e) if the set-up for measurement (such as rods or cables suspending the current meter, the
boat, etc.) is different from that used during the calibration of the instrument, in which case it is
possible that a systematic error is introduced;
MEREE (SR A i g . s HAGERRAER R B AR, 7EIX MG
T, HARESHARGRE
f) if there is significant disturbance of the water surface by wind; 77K i 52 2 X ) 7™ 8 T
g) if the device is not held steadily in the correct place during the measurement or when an
oscillating movement occurs; in the latter case, the resultant of the flow velocity and the
transverse velocities gives rise to serious positive errors.

IRAEM R, WRRAREAIEHIAE b, BURERGZEEN: fE5 MG T, FdEM
R A 45 R 2 51 ™ BN IR 2
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7.2 Determination of mean velocity from surface velocity R4 /K i E# & F X RE

7.2.1 General #%id

Traditionally, determination of mean velocity from surface velocity was not encouraged as
uncertainties are high. As technologies have developed, there are a greater range of techniques
and instruments that are able to calculate mean velocity more accurately using measurements
from the water surface. — 1% L T A 84Jih LUK T UE T € T 300E, FAHATERSE. BE
FORRIKRE, 5 2 B AR ES GE 6 1] FH 7K T AR 0 e 445 SR 5 vR A o4 50 L~ 200

Instruments that are designed to measure discharge by measuring surface velocity only shall
conform to the relevant parts of this document.

S T 0 T T A I B B ) (3% AT 45 AN B PRI AT S 20 25K
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7.2.2 Non-contact systems JE# /il Ul & R4t

A range of instruments are available to measure surface velocity. Some are described
in Annex C. Particular attention shall be paid to Clause 5.

A IR K ESGE A AR o BB MNAS A P IR T W JoRC, RS R 226 2

Measurement of the cross-sectional area shall be in accordance with Clause 6.

ALV W T T AR PRI B LA £ 226 ZEHIE

The velocity coefficient at a site shall be derived using a proven technique. If the site is
to be used regularly, an index rating shall be calculated. This shall be applied to the
surface velocity measured to ensure the mean velocity is used in the calculation of the
discharge.

Dy H TR R B ] QA AERIBORTT . AR iz (B WA, RO — R
XS FH W R K TR, DA DR AE T S5 B IS FH -~ S8 U

Calculation of uncertainties shall be with reference to 9.3 and ISO 25377:2020.
ANt E YRR TR 2 81 9. 3RS O 25377:2020.

7.2.3 Surface one-point method by current meter ] i i1l & 7K [ B s

The depth of submergence of the current meter shall be uniform over all the verticals; care
shall be taken to ensure that the current meter observations are not affected by random
surface-waves and wind. This “surface” velocity may be converted to the mean velocity in
the vertical by multiplying it by a predetermined coefficient specific to the section and to the
discharge.

DA AR BR FE AL P A 3 BL7 1) AR FF— B0 T T 0 DR A8 O AR WL (A 32 BE AL IR 7K T
PRI FRIFEM o TXAS "7 " ek T DA I 3fe DA — Nt o 122 W T AL R 1 T 1 5 10 AR Ok e
N BT R T

The coefficient shall be computed for all stages by correlating the velocity at the surface with
the velocity at 0,6 of the depth or, where greater accuracy is desired, with the mean velocity
obtained by one of the other methods described previously.

P& B Eﬁ%ﬁ’]?%ﬁ%‘wji_iﬂﬂkﬁﬁﬁiﬁﬁ 5 UR 0.6 4L R AR RIPR T B, Bl 18 75 B Bk
BHTE LT, 5 A I TR IR A At U vk 2 — 3RAT - 2 R E A SR

7.2.4 Measurement of velocity using floats JH 745l & i
A full description of this method is described in Annex B.

XTI 56 B A W 4 B

This method shall only be used when it is impossible to employ other point measurement
devices, however, it is a useful technique in cases of reconnaissance or because of access
difficulties, excessive velocities and depths or the presence of material in suspension.

WA FETCIAE FH Fo Al s BB a8 I, A N IR M7, SR, FEDSEEl i T E AR HE. Jiis
AR KA YIRE LT, XA 7R DU

7.2.5 Exceptions 51| /M& i,

Where it is not possible to check the coefficient directly, it may be assumed for guidance that,
in general, the coefficient of the surface velocity varies between 0,84 and 0,90 depending on
the shape and velocity profile of the channel.

ELEHERE R BB T, TP — BRI, ZKTHN AT Y 2 550 38 0 2 IR AT il
ke, BUE50.84F10.902 4.
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7.2.6 Main sources of error i 2 1] & Z k5

Errors that can occur during the measurement of surface velocity are listed below. They shall be
taken into consideration when estimating the overall error as given in Clause 9.

NTFH T AR S KT AR N AT B IR ZE . TEAN T 229 R M SR ZERT, N IR BX SR 72

Errors can arise: i 7 A fE 2 FH LA R IR 51K
a) if the coefficient from which the mean velocity is obtained from the surface velocity is not
known accurately; 7 M 7K T it JE 15 21 1)~ 9018 1) R B HER
b) if the cross-section has been measured incorrectly; 773 it W T il & A5 1E

c) if the cross-section is unstable, i.e. has a moving bed; ¥ i3l Afa e, BIIERMENHE

c) if the measured velocity does not reflect the true velocity due to unstable flow or oblique

currents; I & f3 I H T ANARE A7 IAE B0AR 1P ZA I 7 A R s IR 3 SEZ ) it i

e) if floats are used and their motion is biased relative to the water surface motion due to wind.

ARAEH] T8 bs, IR Bl TR, B bR s sh AR Tk i is sh 47 s 22
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8 Computation of discharge i & {115
8.1 Arithmetic methods &%

8.1.1 General i

The methods shown below can be enhanced by adding additional bathymetric verticals with no
velocity. This is especially useful for surface velocity gaugings and for varying discharge
conditions, but also to improve the efficiency of routine measurements.

N PR 7592 T DS I 0 T T R IR T B RN 5 o TR A T T N RA ] R 2k )
A, BRI BLER R B R

Where the bed is uneven, and if time and cost allow, determining the depth at points midway
between the annotated verticals as shown in Figure 2 can provide a more accurate determination
of the area of each panel.

FEIRSRANT IRy USRI R AT RRAS FevF s 0 207, AR 10 3 24 2 () 1 1) A ify 52 IR
A DA B HE ff it A AR PR TR

8.1.2 Mean-section method “F ¥ 2
The cross-section is regarded as being made up of a number of segments, n, each bounded

by two adjacent verticals (see Figure 1).
AR WA B, WEEn, AR, FABUIAMHEEE LR GERAD .

v ra

Figure 1 — Diagram illustrating the mean section method

B P Em L s EE

The flow in the shaded panel is calculated as shown by Formula (11):
FASZER > R T S 20 (11D Pos:

q:(bn+1_bn)(dn+1+dn J(Vnwi-l"'vn J (11)

2 2

where v is the average velocity in each vertical. = fv/2 43 B 5 1] i~F 350 .

The additional discharge in the segments between the bank and the first vertical, and between the
last vertical and the other bank, can be estimated from Formula (11), on the assumption that the
velocity at the banks is zero. If, however, this discharge is a significant proportion of the total flow,
then Formula (4) may be used to obtain the mean velocity in the region of the bank.

B FLRFEANE, FUSE N EHLZ MU RE-NEELS 5 — R 0 B #NR
BATDLAZ 2 (11D A% SR, a0 R AR E AR SR E T ARG, B AT AR 2820 (4) R
ARAT AL XA P AU
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The total flow is equal to the sum of the discharge in each panel, thus, as shown by Formula (12):
MRS TEMARE M, Bk, WA 12) fis:

d d v, v,
Q= Z n+1 ( n+12+ n ]{ Vn+12+vn] (12)

8.1.3 Mid-section method ¥ 5

The cross-section is regarded as being made up of a number of segments, each containing a
vertical (see Figure 2).
AR WA Y s B, FROS —NEER GERA2 .

The discharge in each segment shall be computed by multiplying ' V -n by the corresponding depth
and width as measured along the water-surface line. This width <hall be taken to be the sum of half
the width from the adjacent vertical to the vertical for which vV ‘1 has been calculated plus half the
width from this vertical to the corresponding adjacent vertical on the other side. The value for y,.p
in the two half-widths next to the banks may be taken as zero.

B it 2 L VR 3R LIS 7K TH 24 00 B F R R FEE 8 R T B4R o o 5 EE WA AT 4153
HEBWHE V-nn {3 BEN 0 BN L2 BEE 5 — AR B — o M. Rl
MIPIAER y.n Vo MERTBALNE
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For this reason, the first and last verticals of a measurement should be as close to the
banks as possible if the mid-section method of calculation is used.

BRI, T P, IS 28— AR e — 28 B MR AT REML I R0 .

™ 1_::_ b1 by by ¥ I8

p | % =

le 7

x‘&\

Figure 2 — Diagram illustrating the mid-section method

B2 Fr i A B s A

For this method, the flow in each panel is calculated as shown by Formula (13):
FERXMIES, BRI E TR I 220 (13D PioR:

b1 —b
q:vndn(—"ﬂz ”‘1J (13)

where V the average velocity in the vertical.
o Vg B B AT

The computation is carried out at each vertical and the total discharge through the
section is obtained by summing these partial discharges, as shown by Formula (14):
w20 (14D FiR, {ERAEE DT A LTI, 8 X A i R R A S % 4

A=A
lé\bﬁi:

m _ boq —Be
Q:Zn_lvndn(%J (14)

8.1.4 Bathymetric verticals Il 3 B

Adding additional verticals to define the channel bathymetry but with no velocity
measurements is a very useful procedure, especially for surface velocity gaugings and
for varying discharge conditions, but also to improve the efficiency of routine
measurements.

HEIMAEA )3 ELAOR E B KR, B ERUE IR AR, Rl T K s i
AR E B E A, (HIX Ry T $R s R R

Bathymetric verticals can be inserted anywhere between the normal verticals (one or
several, and not necessarily “midway”). There are two computation options, both
acceptable:
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DR ZE B AP DU N R B B2 RIREAT T (— AL, A—ERHPEED « AW
THRE IR AT AT Y -
a) correct the wetted area of each panel using the bathymetric verticals, and no change
to estimated panel velocities;
FH DR 3 A IE R MR AR, A T AR i B2 A A2 1
b) estimate the missing velocities at bathymetric verticals: instead of a simple linear
interpolation, interpolate linearly the ratios (proportional to the local Froude or Chezy
numbers). i v
ETHIRTE B2k BB IE: AR R LN, TR R (5EE
Froudei{Chezy% s 1ELL)

The advantage of b) is to account for the measured depth in the estimation of the mean
velocities over the panels. This option is not recommended when there is no velocity vertical
between the edge and a bathymetric vertical.

b) L R T SRR R R, E R IR R . il G R T B (R AT R
FERR BRI, AT XM,

8.2 Independent vertical method i 37 3 B 2:

This method is useful for measuring streams with rapidly changing discharge. Several
verticals are chosen and their distances measured from a fixed reference point (see
Figure 3). For each gauging, measurements of velocity and depth are made using one
of the methods described above. The water level is measured at the beginning and
end of the series of measurements on each vertical. For each segment, a separate
stage discharge relation is prepared. Subsequently, the discharge of the river at a given
stage can be determined by combining the discharges for each segment when
corrected for the change in water level between the moment of measurement and the
moment of calculation of the total discharge.

XA VRS T A AR PR AR . LD EE A, A—ANEE S R EA]
MIEERS (A3 o MTEAMNMER, A BRI E — AT EE AR E RN E. KEEEF
HEHL E— RPN E TG RN E R TR ADXEB, #EZ S — N B Ah F Bt 5%
o WJE, I EEE & BURVE, I 2SR R T SN 2 8 KA AR AT B IR, W
LU 78 T AL R R B B R
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Over time and across a large range of flow, it is possible to derive a relationship between stage and
unit- width discharge for each vertical. A family of curves can then be constructed. Each curve
represents an independent stage discharge relationship for the corresponding segment of
channel width (see Figure 4). This assumes that the channel geometry remains constant and that
no change occurs in the position of a vertical relative to the reference point.

W& I )RS, ZEAR R ROV E VT I, A AT REHE S H 12 B 7 1) 1 B BORI A7 B JE2 070 8 2 [] ) 5%
Fo RJEAT DM E— AL R BRI AR T AH R TE 58 B SZ B BOt B R R (A4 -
XA AT IR, HER VTR, B ELAMX T2 S AL E A 221

For a given value of stage, total flow in the cross-section is obtained by using a mathematical
method by summation of all segment discharges (see Figure 5), or with a graphical method (see
Figure 6) by plotting the unit-width discharge for all verticals and determining the area under this
curve.

XN EE B BAE, i SR ] DOsE B e AR 2, B Brim E A (A5
EE MBS (LAG , 2flpra & B RA %R E, e Zihd N,

Total flow in the cross-section for any given value of stage can be obtained by either of these
methods.

FEAMT 45 5 PR BUAEL A a7 W T 10 5 07 e ) DA I e R R AR A — PR A

1
1 2 3 4 5 & 7 8
1 1 L 1 ./
______________ 2 ___________________“:-_-.,-r_""_____________________
Y
Key i 1  verticals T H 2k

X channel widthi@i& % /% (m)
Y  stagefEt (m)

2 channel bed £ E K
3 stage datumpB/B{IEvE s

Figure 3 Verticals in cross-section

B3 i I v 14 3 LT 1]
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1823 4 Bl 6

Key S%481d
X discharge per unit®#.47 i & (m3/s)
Y  stage Bt (m)

Figure 4 Stage/discharge curves for individual verticals

K4 A2 BT 17 (R B h 2k
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Key
X total discharge & i & (m3/s)
Y  stage FirB(m)

Figure 5 Total discharge (mathematical method)
KI5 SitE (BT

Key

X distancefi & (m)

Y  discharge per unit width A7 52 FE (1) 3 & (m3/s)

A distribution of g for hyor hy  h,8ih, Qi At L

Figure 6 Computation of discharge from current meter measurement — Independent vertical method

K16 A JEIH (S T 55 R - S AL T ELVE

8.3 Mean-section method — Horizontal planes k7 v3:- /K “F 1

Instead of determining the mean velocity in each vertical, the mean velocities for a number of
horizontal planes can be determined by a corresponding procedure to that given in 7.1.4.2.
A similar method to that given in 8.1.2 can then be used to determine the discharge. The use
of horizontal and vertical-plane computation is particularly suited to measurements in regular-
shaped channels, as it enables a check to be made on the accuracy of the computation. 1] DA
FHZ.1.4. 270 (RRH SRS e SR 2 25 7K1 TP S50 e, 170 AR e B4~ 2 LI )~ 30k . AR5
A LA 5 8.1. 2w 4 tH A SR BT R i e A B o S P K P DM LT P T B O VR o T A
FRUNTEAR A T8 rp AT I, PR 9 & ] DO o S R ARl 1 AT R 2
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9 Uncertainties in flow measurement 7 &l & F (A & K &

9.1 General #i&

The uncertainty of discharge is discussed in ISO 25377. A reference should be made to
ISO 25377. Annex D examines the individual components of the uncertainty and provides
examples. It should not be assumed, however, that these are generally applicable, and it
should be stressed that the observations on which they are based do not include all kinds and
sizes of rivers, see 1ISO 1088.

TR A E TEAEISO 25377 it igid, [k, NMZHI1SO 256377. H/-RDWEIT | A€ K3
ISR 7y, JFERAE T — L85 1o SRT, ANSIEE I L R 1S A, TR % SR T 1 E AT
FITARHE ¥ 0L 22 25 RO ANEL A5 T A SR AR (3T, 7 LISO 1088
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9.2 Method of calculating the uncertainty in discharge by measurement of velocity

by current meter It AU £33 B v B B A E 1 5

9.2.1 General A

The measurement method, briefly, consists of dividing the channel cross-section under
consideration into segments by m verticals and measuring the width, depth and mean velocity
(denoted by bj, di and vi, respectively) associated with each vertical i. The mean velocity v; at each
vertical is computed from point velocity measurements made at each of several depths on the
vertical. The flow is computed as shown by Formula (15):

{5 2, DBy V2 B K = R AT S I W T 4 m S 2 BT R s B R SRR E DS
AR B T8 L IRBEAIFEIRE () by dAMVidRoR) o BRI B B AP ik vig dr 3 B )L
ANGRBE B R B I A T B R IRERITHEAN A (15) Fiw:

Q=F Xb;d;v; (15)

Where H
Q is the flow (in cubic metres per second)
QEdiE (FEAL: mds) ;
F is a factor, assumed to be unity, that relates the discrete sum over the finite number of
verticals to the integral of the continuous function over the cross-section.

%F%%;%/I\%i& BUERG—1, ERA PR A TE B b SO SR L R 22 R B AR 2y
Ht‘ IN a‘ o

9.2.2 Contributory uncertainties 7] GEF{{ (IAH E F &

The relative (percentage) combined standard uncertainty in the measurement is shown by Formula

(16):
MR CAZE ZratrtEAmE M 220 (16) FoR

m or LA
u(QY ol 1 zi=1(bidivi) (ub,z‘ TUg,i +u17,r’) (16)

Where H.tf

u(Q) is the relative (percentage) combined standard uncertainty in discharge; 7 it
wmAEXT CEZ ) ZEEPRMEAT T B

Up i Ug iUy j are the relative (percentage) standard uncertainties in the width, depth and
4GV mean velocity measured at vertical 7 2 1 ELAR T () B LR E AT B g
RIRERS CE b AR AT € B

is the uncertainty due to variable responsiveness of the current meter (u_),
width measurement instrument (u.») and depth sounding instrument (us):
ABTRA (v, )« FEEMENEE (Uem) FREEHRIES (us) FREESIAFE
T3 B AN o

Us

[ 2

- Z 2
Ug = \lucm +”bm +u|:|s (17)
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An estimated practical value of 1 % may be taken for this expression.

XFRARIEA, ATCAC AT sEbE, BI1%.

un is the uncertainty due to the limited number of verticals; /& H -1~ 3 B 28 %04 R 1 7= 2E 1
Atk

m is the number of verticals. &% B 2k 5 & .

The mean velocity v; at vertical i is an estimate of the average of point measurements of velocity
made at one or more depths in the vertical (see, for example, 7.1.5). The uncertainty in v; is
computed as shown by Formula (18):

e B AL P SR Vi e T B [a)_E— AN el AR BE B s A - AT (B, W7.1.5)
o Vi AN TE PRI 2 20(18) BT/ #EAT 5.

~ 2 o L a2 .2
u(V,-) =Up i +(_J(uc,i +ue,f)

(18)
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Where H.+
2 . is the uncertainty in mean velocity v; due to the limited number of depths at

u
P,/
which velocity measurements are made at vertical /; ug i%z’fﬁgim\jﬁﬁﬁﬁmu
EIREAREMG T, ~PRARIEIATE R ;

is the number of depths in the vertical j at which velocity measurements are made
Fe 3 L7 1) b AT I I R A
Uc; is the uncertainty in the velocity at a particular measuring point in vertical / due
to lack of repeatability of the current meter; & 1 T I A B = 5 42 1 177 38 i (1) 2
L R W P T ) AN R

Uei s the uncertainty in point velocity at a particular depth in vertical i due to velocity
fluctuations (pulsations) in the stream during the exposure time of the current

meter.
A& T AR G I 18] PN ZK R S R 8 Bl (3Bl 38 i ) 3 B 7 T ivp i — R e IR B 1
R AN E

Combining Formulae (16) and (18) results in Formula (19):
¥ (16) M_(18) #igkdk, w1§Az (19) :

m saglloa o 8 AT e . 9
> (Bidivy) [ub,i +ug,; +Up +[n_j(uc,i +ue,i)] (19)

zri (bid;v;) 2
i=1

u(Q)2 =u,2n +uf +

If the measurement verticals are placed so that the segment discharges (b; d; v;)
approximately equal and if the component uncertainties are equal from vertical to

vertical, then Formula (19) simplifies to_Formula (20):
T SR B B AR, R BORE (b d; Vi )RBUHEE, 0 % B 4 AN 2
PEAETEE A2 A, a2 (19) faitk A (20) -

1
u(Q)z[urzn +usl2 (llug +u§ +u5 +[l)(ug +ug)]}
m n

o
~
L

EXAMPLE i :

It is required to estimate the uncertainty in a current meter gauging from the following
particulars:

i AR L 475 SR A T T S B AN 2
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Number of verticals used in the gauging: il & 4 fd ] () 3 B 22 3 & 20

Number of points taken in the vertical (0,2 and 0,8):7£ 3 EL J5 i) (I HL S ¥ 2

Average velocity in measuring section: il & 35 7 (1) “F- 15 3 /i : =T 0.3m/s
Exposure time of current meter: i34 4% [ B G ) ] 3434
Rating of current meter: % 13 ) 25 2% BN S5 2

Component uncertainties (percentages) can be obtained from information given in Annex D,
which presents the results of investigations carried out since the publication of the first edition of
this document in 1968.

J oy AN SE EC g0t ) W] BLA JPRDY 5 Y S B b 3RS, MR A T A

196 8 4F A b5 #E 55 — Wt AR DA K BT #E AT B U A ) 45 R

Un=25 (1 W.see Table D.6)

us=1,0 (FEWLLL - see above)

ub=0,5 (W ZD.2%5—17 see D.2, line 1)
ud=0,5 (V£ #£D.3%% —47see D.3, line 2)
u,=3,5 (¥ . Z£D.4 see Table D.4)
u,=1,0 (£ . ZD.5 see Table D.5)

ue = 3,0 (at 0,2 depth) (V£ W, ZD.3 see Table D.3)

= 3,0 (at 0,8 depth) (V£ W.#D.3 see Table D.3)

Therefore:

Pl
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u, =V3*+3° =4,2

Using Formula (20): ffif 2 20 (20) it5i:

u(Q)= -u;‘;] -f-u;Z +(%)(ug +u5 +ug (% J(ug +ug))}

e
2

u(Q)=|2,5%+1,0? +(%)(0,52 $0L.5° 43,52 +GJ(1.02 +4,22))]

a
2

results in: T 715
u(Q) =289 %

The expanded uncertainty at the 95 % confidence level, (,,, is obtained by applying a coverage
factor of k = 2.

i N k=217 85 S5 T AR RI195% BEAS T HIY AN E L Uss.o

Thus: K[ tt:
Uas(Q) = k x u(Q)
=2x2,89
=578 %

Therefore: 715 :
Uos(Q) =6 %

If the measured flow is Q m3/s, the result of the measurement is expressed as: 1 5l & K7 & NQ
m3/s, MELERFRN:

Qmds+6 %

where the expanded uncertainty, coverage factor is k = 2, and the approximate level of confidence =
95 %.

Hrpym R ENE, Ei RE¥Ok=2, TN EEE=95%.
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9.3 Method of calculating the uncertainty in discharge by measurement of
velocity using floats F 7 Ax I &k 7 v 450 & 0 AN 14 R 3R 1 7 v

9.3.1 General iR

While there have been considerable investigations carried out into the uncertainties in current meter
gauging, little work has been performed into the uncertainties in float gauging. As a result, there is
little guidance in the literature and little research reported to allow reliable recommendations to be
made. The analysis in this subclause is therefore given as guidance until more information is
available.

AT BT X AU A & i) ANA e BE I A AR 2, AR VARl & ) AN E BRI AT /b 22 S BRI, IR
TR IR A A S E, WARDE IR, MR M AR R @, P, ERREZER
B, AN AT E MR S 2%

9.3.2 Contributory uncertainties 7] f&%0fd 1) AN & K 2

Calculate the discharge as shown by Formula (21) (see Clause B.5): tnZ 0 (21) Fin, iHHEE
(HENB.S -

1 Al + A
Q=F2Kf\7i( 1; IJ (21)

where Hrf

Q s the discharge (cubic metres per second);
VLR (m¥s)

37 © ISO 2021 - All rights reserved



ISO 748:2021(E)

F is a factor, assumed to be unity, that relates the discrete sum over the
finite number of verticals to the integral of the continuous function over
the cross-section; 2 A%, FUEeg 1, ERARKEELH N
5 ORS8RI R BB AR R

n is the number of segments; /&7 Bx I35
K; is the coefficient of velocity for the float; &b I3 B R %
7 is the mean float velocity in the ith segment; & &7 i (19T 34075 bRt i 5

Ai and Ai' are the ith segment areas of upstream and downstream cross-
sections, respectively. 37l Jy AT i W i i 2B T AR

%ée overall uncertainty in discharge is composed of: i & [ S AR AN 2 B LR JLAN
ZH Al

a) uncertainties in width: , ,in estimating cross-section areas; 7 f% i) AN #5241t
Ao VA W T TR ) g,

b) uncertainties in depth: ;, in estimating cross-section areas (allowing for scour and fill,

if any); SR IAHIEYE: y,, WTESE B CGERESIRIAIEATE, WHD
c) uncertainties in determination of surface float velocities: uv; composed of: #ffj i 7K Ifii
FPRRIE I IOATE M UV, AR R AL
— the uncertainty in the coefficient of velocity for the float, u, ;
VEPR B REOAETE, uk s
— the uncertainty of the length of travel path, y, ,;
TR AR K B AR, 1, s
— the uncertainty of the time taken for the passage of the float, u, ,, see Formula

(22):

PRI I R T b, U, WAL (22)
2 2 y 2
Uy j =U,r TUL; TUE (22)

d) uncertainty due to the limited number of segments used, u_.

TR B IR, AFERE, u,

9.3.3 Combined uncertainty in discharge i & 1255 AN E K &=

The method of calculation is similar to that given in 9.3.2, see Formula (23):

WHFES9.3. 204 I RS, WL (23) -

. 1lp2 . 8.8
uQ=\/um+;(ub+ud+uV) (23)
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EXAMPLE 3 :

Float gauging with five paths using surface floats: i FH 7K [ ¥ b5 1) . 2% B 42 1V b U -

u =175% (see Table D.6). This may be reduced provided the areas are determined from a
detailed cross-section and the velocities are determined from a smoothed velocity distribution.
(VE W ZD.6) . i F 1 AU eh VE 40 1 U BT T B T A, 0T B R E PN 0 S 4 A
Pl ST - b e & K RV TH

u, =15% (see Table D.4 i W.ZD.4)

w="5% (estimated Fifii{H)

u,=5% (estimated Tiifi{H)

u, =1qu2{,f +u§ +ut2
=152 +52 452

= 16,5 % (or taken from Table D.4 alone = 15 % B L £D.4=15 %)

w=1% (estimated Fifii{f)
uw=1% (estimated THifii{H)

Therefore:

(A
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u(Q)= 7,52+%(1+1+16,52)

u(Q)=10.5%

The expanded uncertainty at a level of confidence of approximately 95 %, Ugs, is obtained by applying a
coverage factor of k = 2.

N Ik=217 85 R, USRI B S RELIN95% I KA E L, RlUgs.

Then: t)5:
Uss(Q) =k u(Q)
=2x10.5
=21%

Therefore: n[ 15 :

Us(Q) =21 %
If the measured flow is Q m3/s, the result of the measurement is expressed as:
R A 2 Q mfs, S RRIRN:

Q m3/s = 21 % (expanded uncertainty, coverage k = 2, approximate level of confidence = 95 %

P RMAERE, EiFsk=2, EUKEEE =95 %.

9.4 Limitations J5[R[F &

For ideal conditions and procedure, the computed uncertainty usually lies between 5% and 7%.
However, for many measurements done in non-ideal conditions, the uncertainty values
obtained have some limitations.

TR R AR, TR AN E R R AES % MNT 96 2 (a) . SRT, xF T AE AR B AR SR AF
THATRFZME, FROATEEEA AL

The following limitations have been identified. %1432 # LA T i & B
a) The informative values given in Annex D for uncertainty components are derived from
empirical studies, they are specific to an instrument type and to some measurement conditions.
JHRD A 25 W AN 8 BE R0 RS BB 2 NI T R A3 I, BT e T — P R SR A f —
/]l LR

b) Top, bottom and edge velocity extrapolations are not taken into account in the uncertainty
analysis, though their contribution is not necessarily negligible.

FEATE M A RETIAL . AL SRR AME, E SN A —En LA

c) When vertical integration of velocity is performed directly (velocity distribution method),
a negligible default value (0,5 %) is attributed to the u, component. For non-ideal
measurements with not enough velocity points and often significant top/bottom extrapolations,
the value of up should be taken higher than 0,5 %.

M ERBATH R BRI CGREED , — A ZEEHIBAE (0.5%) BIHA U & .
XFFARBAE AR, T EcA R R, T AR A R B TR AR AN, up s A RN
=10.5 %
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d) Most of the computed uncertainty usually stems from the term um, which is an empirical
function of the number of verticals m, with no consideration of the spatial distribution of
verticals, compared to the transversal variation in bed geometry and flow distribution.
ARSI T A B R TR U, EREEHEMMNAER KA, BRI
TR B 53 AT A () A8 4k, B0 25 S e L) 25 [R) 43 AT

e) Time-integration error in the case of varying discharge during the measurement is not
estimated.

FEN R AR IS, AT R R %

NOTE v:
This effect is different from hysteresis, i.e. the discharge deviation to the steady conditions due to
transient flow effects.

XA 53 Je RSEAN ], B T B I I A N 3 O B S A E 2

f) Some uncertainty components are missing from the equation. In particular, a term
accounting for systematic errors due to the vertical velocity integration method should be
added (this is obvious for surface velocity gaugings, but also for other techniques). Other
missing error sources include: position, inclination and orientation of the instruments (current
meters, rod, sounding, etc.) resulting in velocity projection errors and position and depth errors;
and bed changes when bathymetry is not measured simultaneously with velocities.

Ty R D — BN E MRSy o R S N — AN 2B R R B AR TR I R G R ZE T (
OO KT FE AR B &5, ARG T HAEAR) o HARGR R ZVRESE: CERALE . B
AT CGREA . MRS, PEOREBSC RN B IORERZE: SRR 5 R
M, RIS K ELN.
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9.5 Interpolated variance estimator (IVE) #&H{& 5 Z &t (IVE)

The IVE"S! quantifies uncertainty in mid-section velocity-area measurements, whatever the
instrumentation. The method is as given in 9.2 but rather than using laboratory or
empirical results to estimate uncertainty in the depth and velocity, it instead relies on
information contained in the many verticals collected during the measurement. For width
uncertainty and for systematic uncertainties caused by meter fabrication errors, the values
suggested by this document are employed. IVE does not address consistent field user
biases such as persistent meter tilt or flow angularity. Testing has shown that the IVE
method provides more sensitivity to measurement conditions than the standard ISO
method. Recent comparisons of IVE with other methods for computing measurement
uncertainty'® indicate that IVE provides a more realistic estimate relative to other methods
tested. IVE should only be applied when 10 or more verticals are used.

IVEMSHE AL 1 rp B B2 T AR & AR 2 1, TR AR . ik 9.2 v, {HAN
A P S = R 0 2 SRORAN THIR FE AN R AN E P, TR RS B R e B iV 2
HHEIEHRENEL . X T 90 E A ARG R SR REAER, AR
MR IHE . IVEAREMR R — BB R 22, ARREE I CRIBUR B B A B . DItk
WY, IVEJT i AR HEISOJ 20 I B 25 A BN AU . i IVE 5 et v S0 B ANt 5 P 19 U5 3%
RO BT, AR T AR T %, IVESRBE T — N EBLSERIfhiit. IVERBAERT101
B 5 % T BTN BT o

9.6 Q+

Similar to the IVE and Flaure methods, the Q+ method!'®! is a variant of this document’s
method for computing the uncertainty of velocity-area discharge measurements, which
aims at improving the estimation of the uncertainties due to the spatial integration of
velocities and depths throughout the cross-section. An alternative computation of the
vertical velocity integration uncertainty (u_p) is proposed when the velocity distribution
method is applied. The lateral flow integration uncertainty (u_m) is also estimated directly
from the velocity and depth measurements instead of the look-up table values of this
document. The lateral depth integration uncertainty and the lateral velocity integration
uncertainty are estimated separately in the form of two distinct uncertainty components,
u_m(D) and u_m(V), which may be combined to compute u_m. Thus, the improved
sampling of the cross- sectional geometry using bathymetric verticals can be assessed.
Both u_m(D) and u_m(V) uncertainty components are computed based on an angle (or
slope) reflecting the maximum possible errors in the bed profile, i.e. in the wetted areas of
the panels. This angle can be user-defined or estimated from the datal'®!.

5 IVE Al Flaure J5 AL 2, Q+ JriENe FE A S vk S0 58 i AR AT B AN o S 1 224, L H
P s T T A I T SRS R B8 1 2 1) 45 T 5 RS R AN E Rt T o 8 A8 T3 P2 7 A5
i, feih 7 EEEER D AHER (u_p) MEAHSEIE. B ERD AHER (u_m)
0 L A AR L A P A SR SR A, T AN AR S B R AR AR . R ) R BB AN 5
JEE AR [0 3 2 A BRAN ) 2 JEE 2 DA AN [R] B AN 7 70 Eou_m(D) Flu_m(V) BB 2070 30l 4l i
(K1, eI IS AR TSR u_me. DRI, AT DDA (8 P IR T B0 e I 1o J L AT TSR A
BSCHERAE o u_m(D)ATu_mi(V) IR ANl R 1 7060 AR A o I 2 6 ) e K T R 22 1)
CERARER) SRR, RIZETHAR 1 X 3. 3X AN FE W] LU P € BB A 10,

9.7 Flaure

The Flaure method (for “FLow Analogue UnceRtainty Estimation”)'® estimates the
uncertainty component relating to the limited number of verticals. High-resolution
reference gaugings (with 31 and more verticals) are used to assess the uncertainty
component through a statistical analysis. Instead of subsampling purely randomly the
verticals of these reference stream-gaugings, a subsampling method is developed in a
way that mimics the behaviour of a hydrometric technician. A sampling quality index (SQI)
is suggested and appears to be a more explanatory variable than the number of verticals.
This index takes into account the spacing between verticals and the variation of unit flow
between two verticals.

FlaureJ7i% (I "/KIRBLUAT & PEAS 71" UMl i1 54 PR A0 2 BT B0 A 58 AN E P&
Ire MRS HNEN CEAECE 2 I BT 41 RIE I G v o0 R Pl AN €
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PER I o AN I a2 2 R I Y I BT ) BEAT 2R O BE LIRS, T2 DRSO K SOl B R R
SUAT AT RO R — RO k. $RE T SRR ESEE (SQD , el AN
ELEHCR SRR AR . A ARECE R T LA TR A 1) R A A a2k () BRI R
AL

This new method was applied to 3185 stream-gaugings with various flow conditions and
compared with the other methods (this document, IVE, Q+ with a simple automated
parametrization). Results show that Flaure is overall consistent with the Q+ method but
not with this document and IVE methods, which produce clearly overestimated
uncertainties for discharge measurements with less than 15 verticals.

X FE TN 13185 A R B 24 A Rl &, IR S AR TR (RS IVE. Q+5
R Esh ) BT . 450K, Flaure 5Q+ 7k afk L —58m, BSR4
MIVETHEA S, Ja#R DT 153 5.7 a] BHRBO &7 A B 1 e il AN e E
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Annex A
(informative)

P oA
CBERHE )

Use of point velocity current meters

R B8

A.1 Generalf#id

As far as possible, the type of measuring equipment should be selected to minimize the depth
of the unmeasured zones.

AT BEHIE PRI A HOZR T, USRI AR & X R

A.2 Rotating-element current meters %1 20t i# {X

A.2.1 General iR

Rotating-element current meters shall be manufactured, calibrated and maintained in
accordance with ISO 2537 and ISO 3455. They should be used only within their calibrated
range and fitted on suspension equipment similar to that used during calibration.

e AN 32 R 1SO 2537 FIISO 34551 H e fill i« BEHERIZEY . eA1T R BerE A HEYE Bl A
R, FF2dE e SRR R R 2 % % b

In the vicinity of the minimum speed of response, the uncertainty in determining the velocity is
high. Care should be exercised when measuring velocities near the minimum speed of
response.

T S5 /)N S FEE BRST ,  f  S ) AN PR AR v o A DU i /) ) S T BT PSR I, A LA
e

For high velocities, the propeller, in the case of propeller-type current meters, or the reduction
ratio where available, shall be chosen in order that the maximum speed of rotation can be
correctly measured by the revolution counter.

FE vy I PG B T A 4 1 A, IR PRIR e, BAE AR LB LR, DA K e i i
RE e TH s L i Il &

No rotating-element current meter shall be selected for use where the depth at the point of
measurement is less than four times the diameter of the impeller that is to be used, or of the
body of the meter itself, whichever is the greater. No part of the meter shall break the surface of
the water. An exception to this is cases where the cross-section is very shallow at one side but
is the best available.

p SR B s R P /N T P A S (A e BLAR BGR AR A B BAR I DU CLARCRE ), IS FF
i Y 5 A o KRR R 73 HEAGF RBOKIT o« AR AE— MR, W2 HIAh, it
I FH 23 G A IR A e i 1

A spin test, where appropriate, should be performed before and after each discharge
measurement to ensure the mechanism of the current meter operates freely, see 1ISO 2537. 1t
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WL T, AR R R AT AR AT e S, DA ORI A LS B, L
ISO 2537.

A.2.2 Integration method using current meter £ FH fi#E ISR A

The speed at which the current meter is lowered or raised shall not be more than 5 % of the
mean water velocity and shall not in any event exceed 0,04 m/s. Two complete cycles shall be
made on each vertical. If the results differ by more than 10 %, the operation (two complete
cycles) shall be repeated until results within this limit are obtained.

AT B a1 AN I PR 5%, AR O FANMS B 0.04 K/ . 7E4
ANEEEL T A B RTINS SR B IEIR . IR G RAHZE IS 10%, WIS EEHRAE (A58 80 & 3D
, HRFASX—FRENKER.

When a sounding rod or weight is used, it will not be possible to measure the velocity
throughout the entire vertical; a zone may, for example, remain unmeasured near the channel
bed. An estimate of the unit width discharge of this zone can be obtained using Formula (A.1):

A PR BRL SIS, ANRTREIN SR AN 3R By 17 AT s B, R SRE PRI T ey — A Xk
AR R Z20 A1) T USRI DI A7 58 BEHEI £ it

_ Zthf
3

(A1)

qu

Where H
qu is the unit width discharge below the measured zone;
ST DX TH] A B R I B
vm is the mean velocity for the measured part of the vertical
& 3 LI B 20 - R
ht is the depth of the unmeasured zone
e AR X IR FE.
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Similarly, the unit width discharge for any unmeasured zone near the surface is
obtained using Formula (A.2):

FIREH, 270 CA.2) AT LIS S 7K I PR A AT AR 2 DX I #6798 JEE HE -

h

Mm-S

0,9

1%

qs =

Where
gs is the unit width discharge above the measured zone
FEWIIX_F 77 1 B B8 FE IR &
vm is the mean velocity for the measured part of the vertical
& 3 ELI & 70 P K
hs is the depth of the unmeasured zone
FE A B [X FRIR L.

A.3 Acoustic doppler velocimeters (ADVs) 522 % T B3

Hand-held ADVs are acoustic point-velocity current meters. They use two or three
transducers to transmit sound pulses into the water and a receiving transducer to
sample the reflected signal and compute the velocity in the sample volume. They
provide velocity measurements at a single point and typically come with software
and/or hardware interfaces for computing discharge with various methods previously
discussed.

T W BRUE OGS A2 AL TATE A BN RE 4% ) K P A S 7 5 bkt
N RE AR SR S AT R, IR ECRAEARA A (R . e AT PR B R A T
B, EEHA P/ s D, T AT R R A A T SR .

ADVs determine water velocity by measuring the change in acoustic frequency (or
Doppler shift) in reflections from moving particles or scatters (such as suspended
sediment) in the flow, which are assumed to be moving at the same velocity as the
water.

ADVs3d i il & 7K i 7 ) 5RO B AU Y CAnBas e V) SR IS AR AR (B
RS ) REfESUE, X EEROR BAUR I8 BCE 9 S KA R R A 51

The sampling methodology, site selection criteria, and discharge calculation
methods applied to undertaking a traditional current meter gauging also apply to the
ADVs. ADV current meters are capable of operation in low velocities and shallow depths
of water.

FH T AT A R G & R SR A Tk L ik AR v R B v R 7 it i& ) T-ADVs . ADVii
AL BES AL ARE AT HK BT

A.4 Acoustic echo correlation velocimeters (AECVs) 7 2 [H] i B.AH 5%
A
Hand-held AECVs are point-velocity current meters that measure the full velocity profile.

Velocities are measured from the bottom to the surface simultaneously and seamlessly.
Positioning at different sampling depths is not required.

F 7 FNAECVs 2 I 5 4t 32 39 T A ASC, ] i A U i 2 o DA 0 281 /K T )
A DARI JeEE M. AN 75 ZAE A R B RAEIR BT RE Ao
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Acoustic reflectors such as sediment particles and air bubbles that are present in
the water are scanned with ultrasonic pulses and the reflected received signals are
stored as echo patterns. Further ultrasonic scans are performed every few milliseconds
and consecutive echo patterns are compared to determine the particulate movements,
and thus water velocity, within the measurement window. A full water depth velocity
profile is determined by analysing these measurements in up to 16 vertical slices or
layers.

JHEE P B Bk 51 4 K R ORI RIORE A S A P 2 SRR R SO RIS 5 A7 A Dy [l
B FERR LA AT — O — B O A BT, R ESE R [l P AR AT B, DA
SERURLIIZS),  ANTTAA S B 2 N R . 8 Hrix el 25 2R, 72 238162 B
v BRJZ I E SRR R KGO FE i 2R

The sampling methodology, site selection criteria and discharge calculation methods
applied to undertaking a traditional current meter gauging also apply to the AECVs.
AECV current meters are capable of operation in low velocities and shallow depths of
water.

RFETTIE eI AR AR B T 57V T AT A G R A &, W& A T AECVs.
AECVIIRAX B B AEARE AR KR L N84T

A.5 Acoustic doppler current profiler (ADCP) stationary method 7= 2%
Z W (ADCP) [H &%

The stationary method utilizes the ADCP to measure discharge on a vertical by vertical
basis, similar to a standard current meter.

[ 5 325 /e A I ADCPAE SR By [ Bl it s, AT FriE Rt .

The ADCP sensors can be used suspended from a bridge, cableway or by wading, as
traditionally with other current meter types. It is also capable of holding position by
means of manned and remote-control boats. It is important that the instrument is held
stationary as it is sensitive to flow angles.

ADCPA& s AT LU AEMF B &IE F sl K, s A% g B At SR AL i A —
B EWEEIEE GBS AR RIS AL E . HERE, 2B ARREE L, BEOAE
XK A AR TBURS

NOTE ¥
Location of the verticals for the measurement can, with good conditions, be eased by
the use of GNSS systems coupled to the ADCPs.

FERIEFHIZEAE T, @ SADCPsHh & IGNSS 248, I AZ R 1) T ELAL .
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The ADCP sensors send multiple acoustic pulses into the water to measure the full velocity profile
within the vertical (with extrapolation for near bed and near surface boundaries). From this,
the calculation of the mean velocity of the water and the depth of the channel for each measured
vertical is made. Calculation of discharge by mid-section or mean-section methods are then made
conforming to Clause 7. They also conform to the IVE!'?.,

ADCPAE A [ /K H AR 2 A A 2 ik, DL 2 T 90 Bl PAY A 4 0 32 i 2 Ol R AT /K T 320 7
ITAMIE) o ik, ATRATHEE ARSI T L P R OE AT R . SRR IR ZET e,
Bl P BB 07 ok ARG BT S IVEIRIEUE -

A.6 Electromagnetic current meters BRI AL

Electromagnetic current meters are acceptable for making measurements of point velocity. They
shall be calibrated throughout the range of velocity for which they are to be used. They shall meet
accuracy requirements similar to rotating-element current meters. They should not be used outside
the range of calibration. It is possible that electromagnetic current meters are capable of operation in
shallower depths than rotating-element current meters and of detecting and measuring flow reversal.
R B AR A AT P 3 00 pe o AT A LA P e 5 BB A AT AR . B ATT il 2 oA 1~ 2 Q0
HACKE FE 2K . AR HETE Bl AME T o F i IR AN AT DA B - I e A S e PRV T
YE, JFRERTIANIN B 7K R e 1 DL

No electromagnetic current meter should be selected for use where the depth at the point
of measurement is less than three times the vertical dimension of the probe, see ISO/TS
15768. An exception to this is the case where the cross-section is very shallow at one side but is the
best available.

AR R AR BE /D TRk BRI = A, WAL A A s i s A, TR ILISO/TS 15768, 1X
ANEAFRE RSB, B AR — AR e, SR Y RCR e e
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Annex B
(informative)

Surface velocity measurement using floats
Bt B(FE RSO 458 AR B K T g B

B.1 Measurement of velocity using floats & F/F il £

B.1.1 General #id

This method shall only be used when it is impossible to employ a current meter because
of access difficulties, excessive velocities and depths, the presence of material in
suspension or in cases of reconnaissance.

XA Tk R NAE T EHNTR e S FE RIVRFE I R A7 AE B I A sl 847 I i T v A A
S A

B.1.2 Selection of site %4t

Three cross-sections shall be selected along the reach of the channel as described in
Clause 5, at the beginning, midway and at the end of the reach. The cross-sections shall
be far enough apart for the time which the floats take to pass from one cross-section to the
next to be measured accurately. The midway cross-section shall be used only for the
purpose of checking the velocity measurement between the cross-sections at the
beginning and at the end of the reach. A minimum duration of float movement of 20 s is
recommended.

USRS RE R R =AW, AL TE R A A . I
HIRE B R R WL, DA R I VAR A — A I A W 281 N — A3 i B T F e 1) o e ade s vt
T AP A AT BT 46 A0 5 BRI 3 3T W i 2 T e P e S AR AL Bl 4 e /IN I TR
20%0.

B.1.3 Measuring procedure Wl 225

The float shall be released far enough above the upper cross-section to attain a constant
velocity before reaching the first cross-section. The time at which the float passes each of
the three cross-sections is then noted. This procedure shall be repeated with the floats at
various distances from the bank of the river.

FE SRS — MBI B, AR NAE L By R im R, LLIARIME E R . 2R
Ja e T bR =N i RS T TR AR SR A FIRE RS L, NS
R

Increasing the number of floats used to determine the velocity in each segment will
improve the accuracy of the measurement.

GNP 1 5 5 O P ) A 8RR B e P R 1

The width of the channel shall be divided into a certain number of segments of equal width.
If, however, the channel is very irregular, each segment shall have approximately the
same discharge. The number of segments shall not be less than three, but where possible
a minimum of five shall be used, the actual number of segments depending on the time
available for these observations at the particular stage of the river.

T PR 58 B R O3y — e R AR T B, AR, AR TE AR E AN, R BB BA KB ]
AR 7 BEE AN D T =AY, EEFRKEN T, BMEMERATAY, SKhrisBE
PR R AT R R 5 B B T F I e 42 (R I 1)
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B.2 Types of float FFrHIEHR

B.2.1 Surface floats /K Fir

These may be used during floods when velocity measurements are to be made quickly.
They shall not be used when their movement is likely to be affected by winds.

2 it PG BEAT R, AT SOKIIE A . IS SR R BRI, AR

B.2.2 Double floatsX{ EF5

These may be used for measurements of velocities in deep rivers. The sub-surface body
may be positioned at 0,6 of the depth below the surface, or at other depths to obtain direct
velocity measurements at these depths.

T P T R T B . YR AT B TR FO.BIOREE, sRILMIREE, DAZRfE Xt
R ) L P
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B.2.3 Other types of floats A% )F 5

B.2.3.1 General fi&

Other methods of obtaining the mean velocity in each segment may be used if the bed
profile is regular over the measuring reach.

P SR Y B P PO R SR T D 7, T DA P HEA D5 92 R 3RS 25 B 1 3tk

B.2.3.2 Sub-surface floats X&E&Fr

These may be used for measurement of velocities in very deep rivers. The length of
the sub-surface float, sometimes called the “multiple float”, which consists of separate
elements suitably attached together to permit flexibility and supported by a surface
float, shall be approximately equal to the water depth, but the float shall in no case
touch the bottom.

LT AT IS AR R R RO . IR EEAR, A NON "2 B, B
RITCAF AL, & MR i, RVFE#E, JFhREFR %, HACR N 5KEHE K
BUHSE, (HEFEFREARTE LT ZRAF Al

B.3 Determination of velocity & & [ &

B.3.1 Method 77

The float velocity shall be determined by dividing the distance between the cross-
sections by the time taken by the float to travel this distance. Several measurements
of the float velocities shall be taken. The mean of these measurements shall be
multiplied by the appropriate coefficient to obtain the mean velocity in the segment.
The coefficient derived from current meter measurements at the site at a stage as
near as possible to that during the float measurement may be used for converting the
float velocity to mean velocity.

VA R TR N 30 o o W T 2 T R 1 ok DA A A 583K BEE 1 T G RN TR A E . X
TR R B S HEAT 22 D o X Sl A - BB R 3 LU 2 ) R 3, ASRAS 2 B+
PR . AR AT eI bRl SN B B, NI RTINS 245 ) SR EORT F TR
P JBE e 4 g~ BT

B.3.2 Surface floats /KE R

Where it is not possible to check the coefficient directly, it may be assumed for
guidance that, in general, the coefficient of the surface float varies between 0,84
and 0,90 depending upon the shape of the velocity profile. The higher values are
usually obtained when the bed is smooth, but values outside this range can occur
under certain circumstances.

VL ER S RBEOL Y, WM S EE O — Bk, R 2k 12
MR, AKIEEFR ) REAE0.84H10.90 2 A48 4k . HIRJRIGIENT, 8% 253 & EUE,
B R AR I T 2 L HH X A9 Bl 201
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B.3.3 Double floats X\ EFHr

Where it is not possible to check the coefficient directly, it may be accepted for
guidance that when the sub-surface body is situated at 0,6 of the depth, the coefficient
is approximately equal to 1,0, and at 0,5 of the depth, the coefficient is approximately
equal to 0,96.

G EHERERBPER T, TUEZUTZ%E: LT AKEM T0.6IRER, R
HORAZET1.0, MECSHIEREERS, RECKLSET0.96.

B.3.4 Other types of floats Hfih &R )7 FR

Where a direct check on the coefficient is not possible, it may be assumed that the
coefficient of the sub- surface floats and velocity rods is in the range of 0,8 to 1,0.

FETIE B & RN REOLT, 7T LMEGE UCR 2 I An AN FEAT ) 2 B E0.821.0 2 1] .

B.4 Main sources of errori® = {3 R

Errors can arise: 7] A& H iR 2 15 -

— if the coefficient from which the mean velocity is obtained from the float velocity
is not known

accurately;
A T B I Hh SR A5~ 2573 FEE 1) 2R AN v 1
— if too few segments are used for the velocity distribution;
A 1138 2 73 A1 R BOR D
— if a sub-surface float or velocity-rod is used and the depth of the channel is not
uniform throughout the measuring reach;

A R R AR B FEAT, T AN (IR B2 T AN 5
— if the float does not travel in the centre of the panel due to oblique currents;

A TR KR SERR , VAR AN BELE AR AR AT 3
— if there is wind; but it should be noted that this error is generally negligible in
comparison with the others listed above, unless a surface float is used.

EA RHITESL S ENERRE, 5 Ems) e bR Z A L, BRIAE A K
Bro 15 %R 22 08 H W] LLZEE AN Tt

B.5 Determination of discharge from surface float velocity
measurements RIEKEEFYHEENEHERE

If the upstream and downstream cross-sections are plotted as shown in Figure B.1
and then divided into a suitable number of segments of equal width, the cross-
sectional area of each of these segments can be determined. Halfway between the
two cross-section lines, another line MN shall be drawn parallel to the cross-sectional
lines. The starting and ending points of each float may then be plotted and joined by
firm lines, while the surface-points separating the various panels of the two cross-
sections may be joined by dotted lines. Where the firm lines cross the line MN, the
corresponding mean velocity (float velocity multiplied by the appropriate coefficient,
see NOTE below) shall be plotted normal to MN and the end points of these velocity
vectors joined to form a velocity-distribution curve (see Figure B.2).

A SR b i N U o VR T R ) R B TR, SRR L B M R I AR B, B
A DA E BN BRI W IR AR o AR Sl I W IR Ze i) 8], 2] ) — 2k S im
L AT IIMNEZR . SR 5 AT DAZs il AN sl A AR m 28 55, I DUAR ] (I 2 SR e 1, T 0 b
PR AN S I BT T 5 B R PR K T R RT DA R e B . AR U 4 SMNERAS X 7, 4
I RH L PRSP A . (P 3R UG 4 1 R %, WD, BIMNOAVEZ, kK
X B R Y I r R, TR BRI 2 (FEL&B.2) .
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1 surface velocity distribution K [ 3% £ 7 £
2 depth (m) FE CK

3 direction of flowifi 5l /7 [i1]

Figure B.1 — Measurement sections and float paths

EIB.1 & Wt A E B B
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Figure B.2 — Mean velocity-distribution curve from float measurements

EIB.2 3R 9 ¥ bl £ F) P 2 T P 2 A7 2

The mean area of corresponding segments of the upper and lower cross-sections, when multiplied
by the mean velocity for this panel as shown by the velocity-distribution curve, represents the
discharge through that segment. The summation of the discharges for all the segments is equal to
the total discharge. The mean velocity in a panel may be determined by measuring, by means of a
planimeter, the area under the velocity-distribution curve for the corresponding segment or,
alternatively, an approximate value may be adopted equal to the reading of the velocity halfway
across the panel. See Formula (B.1):

RIS S Ao U A L X BT 2 AR, 3 L R A i 2 P s 2 AR DR P B R, RIS
X BHRE. A X B EZME T B — MR 2558 B2 ] DL i~ S I A 2 X B
RIS P2 AT 28T RTIRUR B 52, BE thm] DU ] — N OME,  EDSE T BMR —F s E 5e. WL
A7 (B.1) i

Q_Zizlvi 2

(B.1)
where H:h
vi is the mean velocity in the segment; JyiZ B i) ~F 358 & ;
Ai is the area of upstream segment; +& 37 BRI ;
Ai' is the area of downstream segment. & | i B 1 T A .

NOTE

When it is impossible to obtain satisfactory movement of the floats across the whole width of the
river, for instance if the floats move towards the centreline of the flow, an unadjusted discharge can
be determined by measuring the mean of the surface velocities. This discharge is then multiplied by
a coefficient determined from the results of current meter measurements carried out simultaneously
with float measurements at the level which approximates to that of the float measurements.

e ISR AT BEAE BN Y T AR R I shi, i, W RS KR O 2R S, wTRUR
S DN K T AT ()P AR e R A TR R E . A E XN RERU— R, XPREERES
VB U ] IR AT AR AN B 2 SR E 1, KA 5 AR U R K KA AR
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Annex C
(informative)

Example surface velocity systems

ftk C (BRMESCHF) KEHE RS R BI

C.1 Surface velocity radars 7Kl Fi&

C.1.1 General #iA

Velocity radars are used to measure surface velocities and do not penetrate the water surface.
The radar’s ability to return a surface-water velocity is influenced by:

U3 T A T I K I R, AN B K o TR AR T S K T ) BE ) 32 B LR BRI ER 5
M«

a) the quality of disturbances or waveforms on the water surface;

KK THT P BB ) o s

b) the air gap or the distance between the radar unit and the water surface;

RIS R TH 5 KK T 2 18] 72 = a) B Bl 5

c) the potential noise imposed by wind drift, eddies, secondary flows and macro turbulence.
MRS < Tt IRRIRUMI K R i YA it R T T 75

Accordingly, the following procedures should be followed.

Rk, RIEAEEL MR .

Typically, the vertical containing the maximum-surface velocity will contain the maximum velocity.
Velocities should be measured relative to a known position or geo-reference. At least 20 to 25
surface- water velocities are needed to adequately identify the maximum-surface water velocity
and y-axis. The velocity radar can be pointed upstream (preferred) or downstream from a bridge
or walkway. It should be oriented parallel to flow lines and tilted (from horizontal) at a nominal 45-
degree incidence angle. It should be noted that different radar units operate at different incidence
angles. It's important to note when collecting velocity data to avoid wind-dominated reaches,

eddies, secondary flows and macro turbulence. i# & 150 K, A5 B A /K T3 R i 3 B 7 A6 £
R T . N A% AT T O A B B S IR . 2D 20 £ 25N K T E
PLFE 43 1 o8 S KK SR AN Y il B RS 1T AT AR MR R N ATE 1 B3 (i) B8R, &M
7N SR E AT, HELAASEE NS MR (AAKSET D o MiZiEmE AL, NEEIAREEE
AFEING AR LA, AEVCEEE IR, B m eI LLUXCN R B, TR IR AN K K i
o

C.1.2 Guidelines for surface radar installation — Sample quick start guide /K&
K2R - RN VR A

Data should be collected at the cross-section of interest and in the vicinity of the velocity radar
footprint:

JSLAE A AR AR T 3T D T A0 R A A B T i X PR S A AR s -
— choose straight channels with parallel streamlines;
e BA AT 2B ELIRE
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— choose a stream bed free of large rocks, weeds and obstructions that would create
turbulence/slack water;

B KAk REMERYIRIE, KRS A i i

— use sections that are parabolic, trapezoidal or rectangular;
I FHIOIE . B IE B A

— use velocities greater than 0,1 m/s to 0,4 m/s and depths greater than 0,3 m;
e FH I K F0.1m/s220.4m/s, TR K T0.3mik KAk,

— avoid variable flow conditions downstream of piers or channel obstructions (highly
turbulent conditions should be avoided);

AGE G A A Sk BT RS A2 0 T T 3 22 AR ) AIRIR T 388 4 i B2 T YRR L)
— avoid sections influenced by tributaries or contributing drainage channels.

T 32 S B HE K RE R 3B

Collect the following stream flow and channel data at the cross-section of interest:
FEA A AL I I 1T WA DA B VA e R 4 -
— similar to any other point velocity discharge measurement;
A A PR PR A B AR AL

— at the y-axis, record the surface-water velocity and point velocities, throughout the water
column using the six-point method as a minimum (see 7.1.4.3.6);

FEYFIAL, 20 7S RSN KR I K TR AN U FEAE vt/ ME. (TENL7.1.4.3.6)
— confirm the location of the y-axis by repeating this procedure to the left and right of the y-
axis;

I I Y il ) A A A R R SR A Y il A

— water depth at the y-axis;
yAl AR

— wind speed and direction.
A AR A] o

To estimate the position of the y-axis, rely on the location of the maximum-surface water velocity;
it generally coincides at the same vertical as the maximum velocity.

BAGFY AL B, ZREERSOKIRERNALE, — ok, &5 s By A — 2.

Develop an index velocity to ascertain mean velocity for the section.
il — NP R % B PR R

Velocity radars can be deployed by hand or fixed on bridges, light cableways or cable stays.
MR IE AT LR T80, Wl DU E AR . BRI RIE sS4 S e L.

C.2 Particle image velocimetry (PIV) %i ¥ B4 #ll 3

PIV is a technique using images continuously filmed with video or still cameras. Three methods are
currently practised:

PIV7E —Fi i AL S SRS S R SR . H AT =R 757

— the large-scale particle image velocimeter (LSPIV) determines the velocity vector by
matching

water surface patterns between two images obtained at different time points;

RREERL T BERIEA (LSPIV) 383 UL BCAE A [7] IR 5] £5R A5 10 199 7 450 PR 7K T TR 285 R S 32 R
®;

— the particle track velocimeter (PTV) tracks a tracer;

FLFERERDEAC (PTV) BREFRERF;
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— the space and time image velocimeter (STIV) monitors the movement of water surface
patterns to determine the velocity vector.

S (AL A (] R g A (STIV) Ml K i sCiizsl, LLihe s R .

Aside from experimental studies, image conversion is sometimes necessary when these
techniques are applied to actual flows. For example, in the case of the video images obtained
from the river line with few angles of repose and from the aircraft with large angle of repose,
images should be converted with the explicit orthorectification method. Additionally, installation
and location-survey of ground control points are necessary for accurate orthorectification of the
water surface plane. Ideally, the ground control points should be installed at more than six
locations distributed in the x, y, and z planes of the channel. Infrared cameras are available for
24 h operation.

BRSEIGTEAN, IXSEROR N TSR Prift iy, At/ 2 AT B e, fldn, 72 M A /s
AT T8 £ SRAT A AL B A5 AT MAIR A0 A AR KL ESRAT AR BRI 00 T, B R aQE S
PRI AR . e, i ) P 2 SR B X T KT T RS B IS R B . BEARE L
N, U] AN AR RE XS Y 2P E AN LRI E . LA AL T DL 24 /N
iZ17,

C.3 Laser ¢33

Laser doppler instruments focus a beam of light from a laser which is mounted above the flow at
a specific point. The frequency difference of the transmitted and reflected light gives the velocity
at the point of measurement. The laser can be focused at a precise point in the flow field; it can
also penetrate the liquid surface. In this way, a single laser can be used to scan both across the
flow field horizontally and, to a degree which depends on the clarity of the water, through the
depth. This enables the mean fluid velocity to be estimated over a range of flow conditions.

Wolt 22 W AR 2R AR KR B 5 BOEAS IR RO R AR — MR /b B AB B BR
ZELg T DN SRR . WOETT DR T ) — RS A s B DL B RAA KT . XA
=K, —ANEOEE AT USRS, JF B e R EBORTOKHGEYIE, R
JE o IXAFAFT- RIS BETT LALE — R BRI BN 5 A T B il 55 oK
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Annex D
(informative)

Uncertainties in the velocity-area measurement
By D (BRMAESCH) i X & 5 A € it

D.1 General iR

It should be noted that the values given in this annex are the result of investigations
carried out since the publication of the first edition of this document in 1973. Reference
should be made to ISO 25377:2020 and ISO 1088. Nevertheless, it is recommended that
each user should determine independently the values of the uncertainties which apply to a
specific measurement condition.The values in the tables are relative standard
uncertainties (“‘one standard deviation” values, level of confidence approximately 68 %),
expressed as percentages of the measured value.

EAE R, A S 2SR BUE N E 197 3FA bRk 55— i i LAR 47 1 25 f 25

% 22180 25377:2020F11SO1088 . (AT L AF AN T 7 82 4 371 7 3 T 1 2 N0 2 2% 1 )
AN E FEREUE . R IEE A PREA T E . ("—AMRiEZE "EUE, BIEREZN68%)
» PAEAE I & 73 Lo

The information given in the tables can also be used to determine the optimum
measurement procedure for a desired accuracy.

R P A Bt AT P M P R P P A I AR

Error varies by method and by instrument and should be determined case by case. See
also Clause 9.

RER BN TR, NIBSRAE . iS5 I 94,

D.2 Uncertainties in width (u,) % B ) AN €
The uncertainty in the measurement of width should be no greater than 0,5 %.

T L& AN 2 FEN A K T0.5%.

As an example, the error introduced for a particular range finder having a base distance of
800 mm varies approximately as given in Table D.1.

PERA—ABIT, XN EEEA800mm s M FEA,  H Gl NIYIR Z KA U ZD. 1R .

Table D.1—Example of uncertainties for a range finder(standard uncertainties,level of
confidence approximately 68%)

RDA—ANMEEXEIAHE R GREAHERE, BIEELN68%)

Range of width Absolute error Relative Uncertainty
REEE ntiR 2 AR A2
m m %
0100 0%0.15 0.15
10152150 0.15% 0.25 0.20
151 250 0.3% 0.6 0.25
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D.3 Uncertainties in depth (u.) 4 B A 1

For depths up to 0,300 m, the uncertainly should not exceed 1,5 %. For depths over
0,300 m, the uncertainty should not exceed 0,5%.

X7 F0.300K LN IR EE, AHf e ARG 1.5%. %F10.300K LA IR, AN e A
N EIE0.5 %.

As an example, the uncertainty in depth in an alluvial river whose depth varied from 2 m to
7 m and where the velocity varied up to 1,5 m/s was, for these conditions, of the order of
0,05 m measured using a suspension cable.

2. AE— bR R, IR K BITRASE, ALK/, fEXEFMAT, HE
ZEE (R LA E B N0.05K 4

As another example, measurements of depth were taken with a sounding-rod up to a
depth of 6 m, and beyond that value by a log line with standard air-line and wet-line
corrections. These observations were made within the range of 0,087 m/s to 1,3 m/s, the
results are given in Table D.2.

H—AE T HERATIEIREE, IREENEK, @I IXAMERS,  FFR R AR Z AR 1E X
AT . IX LS /2 AE0.087 K /AP 21 . 3K/AP VG R N EAT I, 4558 W &D. 2.
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confidence approximately 68 %)

D.2 - REMEF KA E LR GREAHEE, BEELHH68%)

Table D.2 — Examples of uncertainties in depth measurements (standard uncertainties, level of

Absolute Relative
Range of depth . .
R Uncertainty Uncertainty Remarks %1
m EXNAHERE | HENAFEE
m %
With sounding rod.
04106 HIRWAT
4 to
0.02 0.65 With log-line and air-
6to 14 0.025 0.25 and wet-line corrections.
B 2R AN S 2k
2 1E

NOTE Column 3 relative uncertainties were computed from column 2 absolute
uncertainties using mid-range depths 3,2 m and 10 m.

T BB SFL A XS AN T S AR S 28 ) 4 X AN E T SR, 8 (0 3.2 2K
10K I P R TRTE

D.4 Uncertainties in determination of the mean velocity #5E 3% & K A # 2
i3

D.4.1 Times of exposure (u.) 1] [A]

The percentage uncertainty in point velocity measurement taken at different exposure times and
points in the vertical, shown in Table D.3, are given as guidance and should be verified by the user.
D373 HAEAN 7] F B ' P [0 R 2 077 1) b ) s P D B AN E I b, D9 e VERUE, N
I RERAIE -

Table D. 3 — Percentage uncertainties in point velocity measurement due to limited exposure time
(standard uncertainties, level of confidence approximately 68 %)

&®D.3 - HTAMKEL, RERENERE AT ERENF GREAHER, BEEL868%)

Point in vertical® H
Velocity 0.2D, 0.4D 5% 0.6D 0.8D 1% 0.9D
S Exposure timefgytiT ]
m/s min
0.5 1 2 3 0.5 1 2 3
0.050 25 20 15 10 40 30 25 20
0.100 14 11 8 7 17 14 10 8
0.200 8 6 5 4 9 7 5 4
0.300 5 4 3 3 5 4 3 3
0.400 4 3 3 3 4 3 3 3
0.500 4 3 3 2 4 3 3 2
1.000 4 3 3 2 4 3 3 2
over 1.000 4 3 3 2 4 3 3 2
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D.4.2 Number of points in the vertical (up) 3 & J7 ] 1) S I %E

The uncertainty values shown in Table D.4 were derived from many samples of irregular vertical
velocity curves. They are given as guidance and should be verified by the user.

D, 4P FR I 5E BE AR 2 AVF 2 A HEN T B R il 2R FOREA A . EATTRAE I da S i 4 Y,
L H A B AT BE

Table D.4 — Percentage uncertainties in the measurement of mean velocity at a vertical,
due to limited number of points in the vertical (standard uncertainties, level of confidence
approximately 68 %)
®D.4 - BEHTFFHEENEMATHEREE .

HTEEGF ERNROBEER GRETHTEE, BREEELA68%)

. . Uncertainties
Method of measurementfl| & /7% RS FE %
Velocity distribution 3% /% 43 1ii 0.5
Five points (see 7.1.4.3.5) HAN A 25
Two points (0,2D and 0,8D) (see 7.1.4.3.3) Fi/ M 3.5
One point (0,6D) (see 7.1.4.3.2) — . 75
Surface (see 7. 3. 3) /KT 15
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D.4.3 Rotating-element current meter rating (uc) %% 1 20 # A A E (E

The uncertainty values shown in Table D.5 are given as guidance and are based on
experiments performed in several of the world’s rating tanks. ZD.5 7= AN 7€ B {A

NARFVERE, REET A F LA T B P AT I SRR T AR

Table D. 5 — Percentage uncertainties in point velocity measurement due to current meter
rating error (standard uncertainties, level of confidence approximately 68 %)

RD.5--H THRELGERN AERNEOATEE B2 UFEIRE WEAEE, BRERAN

68%)
inti S =2 B O,
Velocity measured Uncertainties A5 %
D& HEE m/s - N Group or standard rating
N
Individual rating > APFZk EF| s 5 1

0.03 10 10
0.10 2.5 5
0.12 1.25 2.5
0.25 1.0 2
0.50 0.5 1.5
K710.50 0.5 1.0

D.4.4 Number of verticals (um) I B J7 [f] 5 &

The uncertainty values in Table D.6 are given as guidance and should be verified by the
user.

&D. 67 A E FEAE NS B IERE, ROzl P AT 58

Table D.6 — Percentage uncertainties in the measurement of mean velocity due to the
limited
number of verticals (standard uncertainties, level of confidence approximately 68 %)
RD.6-HTHMMEEE, FHEENENAHEET ST
EHAHEFWR, SEFHEENEXOAFHEHEA S EAHER, BEEELAN68%)

Nu%gjrj?; ;{Jegéals Uncertainties AHEE %
5 7.5
10 4.5
15 3.0
20 2.5
25 2.0
30 15
35 1.0
40 1.0
45 1.0

See Reference [20].
T 2% R 20.
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Annex E
(informative)

Velocity measurement under ice conditions
fis% E CRBMECH) UKTH %4 T RREN &

E.1 Safety practice for measurements from ice cover

FEVKTH b 34T I B 1) 2 20k
Before taking measurements on ice it should be ensured that the personnel
performing the measurements have appropriate education and knowledge about working

on ice. The safety guidelines given in this annex shall not be seen as a complete set but
as an introduction.

FEVKTTBEAT MG 2 R/, NEAA DRZEAT DB N 52 B 3 4 5 IR S0 KT AR A RNR . AR
A o 0 22 A E N AN AN — = SE B HEN , 1T S AR g — R a7

As a general rule, the ice shall consist of solid clear ice and not be thinner than 0,1 m.
Preferably, the air temperature is no more than a couple of degrees above zero centigrade.
Particular precautions shall be taken during spring when the sun can convert solid
morning ice to rotten ice within a couple of hours. If the ice is not clear but consists of
frozen snow/slush or a combination, the thickness should be at least 0,2 m.

—ORYL, KB B RE W UKL, R AR F0.10K, Rl 2 R EA BT %
FRIRRE . AEAFZE R HURE TR, PRIOA B AT BLEE T LA /NS AR B R P [ AR e AL oy
JERERIUK e AR VKASREWIR, 1 UK T e R BOR S AR, R4 R 2 /D NiZ 2
0.2k,

The whole cross-section shall be checked. This is especially important if the ice is
snow covered. Snowdrifts at the banks reduce ice formation and very thin ice or even
open water under the snow can be found. If high velocities are part of the cross-section,
this section can freeze later than the rest or even stay open. Variation in ice thickness can
be huge and if snow covered this cannot be seen. The safe and checked cross-section
may be marked if necessary.

IR A AN AT . WK S 5, X — SOCHEZE . Bl SRR,
1M B AT DU AR oK, HR RS T IEIK. S sl B e Wi i — 5, XA
AT RELL AT e A5 0K, EERRFFITIR. IKZE R R RS EORR, WEoRM S E s, X
—RAEBABIN . GRADE, AT R 4 AT A A A AT AR I -

The strength of the ice cover shall continuously be tested using an ice chisel or ice prod
when the river is crossed. The speed of a vehicle crossing the ice cover shall be low
(especially near the river banks) to prevent wave formation which could increase the
pressure on the ice. Stricter precautions shall be taken where water flows above the ice,
or when new ice layers are formed, since the ice cover is likely to be thin.

FESETT A6, LA iy 0K BRUK BRI UK R RS o 5 RBUK R I ZE N R AR AT B g
RRAEF RN, ARG TGN, AT INOKIZE AR 7. 2/KAEDKTE B JRshy, 84
IR T I, SR I ™K (R PRI It PR UK R AT REAR T
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Operators taking measurements of discharge from the ice cover shall be equipped with
appropriate safety equipment such as a life jacket or rescue suit, safety ice nails, a winter
lifeline and a hot beverage. An extra set of dry clothes shall be easily available.

VK Z R RERAE N R MRS IE 2 B, MBUERBRERR . 24K 2=/
AN BTy AR — BT AR AL BRI B e

E.2 Velocity-area method 3 & T #:

E.2.1 General iR

The principle of this method is described in the main part of this document. For channels
in which a surface layer of ice exists, the cross-sectional area of water flowing is taken as
the area bounded by the bed line (or wetted perimeter) and the lower edge of the ice cover
or slush. When flow is between layers of ice, the cross-sectional area also includes the
area bounded by the lower ice layer and the lower surface of the ice cover or slush. At
times, the ice sheets on the riverbanks are thick enough to reach the riverbeds. Therefore,
it is important to use poles for indicating the locations of riverbanks.

X IR B AE A BRI B A A . W T AR K VK2 I IRIE, /KL A 9 W T T
BN e AR IR (CBRIRIE O MUK BRI N IAZ AR E R . /KIRIEIKEZ
(YIS, ok g D i e A s 0 8 v N JE K A DK TR B8 2% ) 7K TR BRUSE O IXC 3. AT, T+
UKZIRIE, RULBIAEEIE. KL, A8 R48 = 5 B0 B IR B2 .

The instrument used can be mechanical such as current meters or hydroacoustic such as
ADCPs or ADVs. When an ADCP is used, the stationary method should be chosen.

R A AT DR WL, anifts A sk 1B 2211, WADCPsEADVs. 4fii FHHADCPHT,
N 48 3] S 1A ¥

E.2.2 Selection of site &1l

Discharge measurements under ice conditions are best conducted at sites where the
geometry of the cross-sections is well known. The site can be unsuitable for observations
if:

UKTH 26 AT P HE I B 5 B AE AT LART TR 0 A M AR AT A R B DA RS, 12 i mT
REANE S BEAT R -

a) more than 25% of the cross-section is filled with slush, which is distributed unevenly
over the cross-section;

e 1 25 % I AL T T B Ve Vb 3R, Ve Ib AR I IR I I b A A AN AT
b) dead zones occupy more than 10 % of the cross-section; & [X &5 i i BT 110% LA L
c) there are large areas with very low stream velocities below the recommended low
limit for the instrument; £ KA FIFUEIEFAR, AR T ACEAER A& IR
d) itis located in the backwater zone downstream of an ice gorge or ice jam:
ALK IR BEK ZE T I [ 7K X
e) it is liable to ice up owing to the freezing of water flowing through cracks on the
surface of the ice cover indicating a possible breakup of the ice.

W TR UK T /K R4 KR 45, RBIUKRTRERR, UL Z 45K

However, in the aforementioned conditions, division of the cross-sectional area and
observation of every divided section will increase the accuracy of the discharge
measurements.

SRT, AR LSRR, Tl o33 A W T AR R ARl P T TR 8 v D R PR HE TR

During the open water period, i.e. the period in which there is no ice cover, sites additional
to those normally used for water discharge measurements should be selected and marked
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on the banks. After the ice cover at the river reach selected for measurements has
stabilized, a preliminary survey shall be made to select a longitudinal profile with a length
equal to several widths. An appropriate number of holes shall be drilled along the profile to
determine the occurrence of slush and its distribution. In channels in which slush is found
to be present, and when it is impossible to select another measurement reach, the
measurement site shall be located at the centre of a uniform river reach.

FETT ORI T, RIVAT UK 78 i A 3, LU % o 5 P U0 S 0 3t s b ) At
FRAE R IAMARIC . E1EE TR AW B UK AR Je, BT DR E, e — KSR
TIUADEBERIN AT o 2 ) T B M B 1L, DA e i R I R A . AR A
RPERIE S, AL N EIEE, ISR N T G E R

Following the preliminary choice of the site, four or five holes shall be drilled across the
river at equal distances to determine whether a regular velocity distribution exists and to
establish the slush and ice thickness over the cross-section. Sites in which slush divides
the river into separate streams shall be avoided. Braided channels which, in the open
water period, are unsuitable for the measurement of discharge owing to the multiplicity of
channels, may be suitable under winter conditions since the shallower channels can
become blocked by slush or ice, leaving the main channel unblocked and flowing.

FERD B e, AR b DU ROBE B8 DY R TN FL, DA E /2 5 A7 128 AU A
FEI AT, IR I ST R T AR Z R RE o N 3E o AE Y8 ARSI UL 73 1 AR ST R 1 3
sho FETFIBOKIRIN Y], HFRIE AR, ANE S B E A ERRGIE (SAEEIRIERRIED
AR TR GG G, BOVBOR I IE AT RERRi T BUUKIE(E, I ERE R A $EE, IFE
izl

E.2.3 Frequency of water discharge measurements i &l & K%

The frequency of water discharge measurements during the winter period shall be such as
to ensure a reliable estimation of the discharge. If conditions of stable ice cover exist,
methods of hydraulic interpolation of winter flow may be used. However, under difficult
conditions (such as those of unstable ice cover and incomplete freezing) measurements
shall be taken as frequently as possible since, in this case, the discharge is computed by
the interpolation of the observed discharges. The time at which the daily discharge
measurement shall be made shall be carefully chosen so as to correctly represent the
time span for the observation. For example, if daily mean values are observed, the
discharge measurement shall be made when the discharge is as close as possible to the
daily mean.

A7 8] B D B AR N R DR TR T R A T . WORAFAE AR E YUK 261, T LA
AR BRI AEE k. 2RI, ERMERIZEAE T (AT RE IUKZ AN 58 2R S5 I 26 )
o DU A RESE BTN &, DUONEIXR IGO0 T, I Al W5 3 1 2 1 A v 55
Ao AT AHIE R R I B B ), DLEGACRAI B RS 2. flan, iR g2
(2 H MR, U NEAE I B R mT eI H (R T AT I Sl

E.2.4 Measurements of ice cover thickness /KEEE N &

The ice cover thickness shall be measured using ice-measuring sticks which are
lowered into the drilled holes. A zero reading may also be obtained. Using an L-shaped
measurement pole enables the measurement of the thicknesses from the top of river ice to
the bottom of the ice sheet and from the top of the river ice to the bottom of the slush ice.
In this case, averaging the measurements conducted at four points, including the front,
back, right and left of a hole, will result in an average ice thickness around the hole.

UKJE B AL FH UK Z DA AT I, RGN fLrh . AT ASRAG — A F 8. Al
L 2R 0] B A P AN 8 DT oK T 0K S AR A S, DA R MTRT DK T 1 ey UK 22 T i P J
FEIXMIEOLT, FAENA R CEFEFORET . 5 AR #HATHRIESS Rk, Hiar el
A I R L P2 DK
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E.2.5 Measurements of slush depth RV E KW &

For small depths of slush, measurements may be made using an ice-measuring stick. The
slush depth is indicated by a change in the resistance to clockwise and anticlockwise
rotation of the stick during its rise, i.e. the resistance to rotation increases when the slush
layer is reached. For thicker depths of slush, measurements may be made in a similar
manner using a special rod with a stop plate or a perforated disc attached to its end. In
addition, current meters can be used for slush depth measurements. The current meter is
lowered below the slush layers and is then gradually lifted until a zero reading is obtained.
It should be borne in mind, however, that the actual slush depth can be somewhat smaller
than that obtained by measurement, because a zero reading will also be obtained
when the flow velocity decreases to 0,03 m/s to 0,04 m/s. Hydroacoustic instruments are
not suited for slush depth measurements.

XFT/INRBERIE SR, AT LAS R UK F g AT 0 & o R SRR Bl ot Wl 2 AE b T i R o e 4t
AT B i B 1R R R, RIRTA eI 2 I e FH 3G . b T SRRV IR, 7]
CAHIRAAR 7 EATI0 &, A8 — DMRRIR IR T, AR R I — MR — A L.
Ab, WA AT TS Ve RIR R . KRS R RIE R Z LT, REEEGE, BERREE
BEE. (RN RS, SEBRAVR IR FE AT RE LU 219 2 (R BE 2N — 28, RN Y iRE R 5 2
0.03 K/ £0.04K/AP I, W33 — AT s KEXEAGEEH T EJeITHE .
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E.2.6 Determination of the effective depth & XK E KI#i €

In an ice-covered channel, the effective depth is computed by subtracting the distance
between the water surface and the bottom of the ice layer or slush from the total depth. If
using a current meter, the total water depth in the channel is measured using a rod or a
cable suspended sounding weight which is lowered using a winch; the latter method is
similar to the depth measurements made from a boat under open channel conditions. If a
hydroacoustic instrument is used, the depth is measured by the instrument itself positioned
by the operator at a known distance below the ice or slush.

FEVKTHI 78 1 (ERTE Y, A3 RBORBERITHR T V20 FH SR LI 257K T 5 DK 2 e SR I R PR g
A SRA I RUEA, ) — MR AT Bl — MR R R EE A ) 0 A SR I R ) SRR, 1SR gE
LA s J5—FhI7 AT AETTOVUE S5 S A L BEAT IR BE I & o SRS 7K 0 7 224X
FR, IRBE A RV E N DURHASC R A By T8CE AR DK T ERE SR T THI PR O 280 B B A U & 1)

E.2.7 Velocity measurements #E &

E.2.7.1 Use of current meters and hydroacoustic instruments under winter conditions
KRN T IEAK ST AR KA

Velocity measurements using current meters are carried out by lowering them into holes
drilled in the ice cover. The current meters can be lowered using a suspension rod, a hand-
operated cable (for small depths) or cable suspension equipment (for depths exceeding 3m
to 4m). During velocity measurements, the device by which the current meter is held shall be
located near the upstream side of the hole and shall be held rigidly at the upper edge of the
hole to avoid the influence of vertical stage pulsation.

A5 P A0 A PR 3k P20 el R H BN UKD b PRl L AT B o T DA T AT . DR
Zign (T /NARRBD BigiggRdtinss T HE3mEAmPRE) KT BE . 7EE B &
AR, e A e N A T AL RN, RN S e AL B s, DU SR E
b BeREh H 5 .

To prevent the current meter from freezing up when it is carried between one measurement
vertical and another, it may be placed in a bucket containing heated water or in a hot-air
chamber. In measurement verticals with shallow water depth, when the current meter is
lowered on a rod without a tailpiece, care shall be taken to ensure the correct position of the
current meter with regard to direction of flow in the vertical. In measurement verticals where
slush is present, vane current meters may be used in preference to cup-type meters which
are liable to become blocked by slush ice.

N T 5 LR AR — A DN LT AT g — U LT < (RN RS B R IR, AT DO A e Ay
INFGK B T BB AT . AEKIRBGR A B, iAo a1
I, NS R UEACETE By 1) LR IERA A B . fEA TR BN E T, TR A
IR AN BE A R, RO R AUR 25 5 e R UK B 2

Before the current meter is lowered, it is advisable to clean a passage in the slush by means
of a steel or wooden pole with discs or by using an elliptical (round-shaped) weight
suspended on a cable.

FERCT IR AT, Sl FH i B AN BOR AT B SRR 4 4 B O (B ey
HEEL L —2kIEIE .

Velocity measurements using hydroacoustic instruments are carried out by also positioning
them into holes drilled in the ice cover and just below ice cover or slush. When moving the
instrument from one vertical to next this should be done quickly. A thin layer of ice on the
transducers will thaw fast when put in the water again but thick layers can be more
troublesome. The temperature of the batteries can be more crucial and precautions to not let
them to get too cold should be made.
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KIS AR A

E.2.7.2 Selection of verticals for velocity measurements % %% B Jl| & [ & B &

The principles governing the location of velocity verticals under ice conditions are similar to
those governing the location of velocity verticals under open channel conditions. These
principles are as follows.

FEVKIH S84 T, B i i A7 ) Do ) 5 76 B ) R 2% 1 ookt 2 B AN, B SR A AL . 3K
S Gnh .
a) The minimum number of velocity verticals shall be as specified in 7.7.2, to ensure
sufficient accuracy in velocity interpolation with respect to the channel width. Sections
between successive verticals shall contain substantially equal proportions of the total
water discharge.

EEF”EE@EEI’JB&TE@QEE??Q71ZE’J%JLE, LI DR S i (A N - IR T8 98 2 A 2 08 O HERA
Pho HESE AR B 2 1A T 60 2 B I B A B A AR S5 A EL

b) The location of the vertical shall be such as to reflect the flow structure and the cross-
section of the river bottom in the best possible way.

e B2 (1057 B ML AT REI Jse W 7K JAT 45 A4 AT Je 0 3 37 W 1

c) When current meters are used, the distance between each vertical shall exceed
the propeller diameter of the current meter; therefore, in very small rivers (brooks) there
may be a small number of verticals.
AL FHVOEACS, BEAS 3E FLAL  IA) ER 2 N I A R e AT PRI, FEARR /N
o ONED Hr, ATREA /DRI TE E 2.

The profile of the bottom at the gauging station shall be determined and the location of the
verticals shall be selected prior to the formation of ice cover. When this is not feasible,
approximately 20 holes shall be drilled along the cross-section at equal distances. (From
hydrometric practice it has been found that 20 is the minimum number of holes required to
reproduce the channel profile with sufficient accuracy.) Furthermore, the intervals of the
measurement holes can be determined depending on the width of the river.

ISR 5 WUl R B AE B, IR VKR TR R AT B2k B . X AT, N
T T DARH S5 B EE B8 R 2920l (MK SCINE HYSEB R A B, 20/ L2 A2 8 HEAf M 115 T T
T BT 75 R e /N o RAh, DML A TA] R T AR R VAT PR 8 P2 SR 5

Additional holes shall then be drilled to ensure sufficient accuracy of discharge
measurements. The location of the edges of the channel cross-section shall be determined
after all other necessary holes have been drilled, since it is easy to blunt the tip of the drill
during this procedure.

SRJE MG S 22 (R FL,  DABA ORI BRI R ARG B A O HERR . DRIERAITD (112 25 (0 B AE i A HL A 0
LU 78 J5 TR E ,  BRUATEIRR AN R AR 5 J0 4k Sk i 7R

E.2.7.3 Velocity measurements on a vertical B J5 Ja) b i3 5 &

Owing to roughness of the lower surface of the ice sheet, the vertical velocity curve for the
winter period differs from that under open-channel conditions. At the lower surface of the ice
cover, the velocity distribution is very similar to that found in a pipe. The degree of reduction
in velocity varies with the roughness of the lower surface of the ice.

T UK AT (FRLRELSE , 23 () 30 L S 28 15 WAL A M OS2 NG AN[F] . AEDKIRT IS T 7K
T, TIPTS5 B T AR AR T AR B RN B AR P BB VKR T KT LR 2 1 A2 AL
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When current meters are used and if depth permits, the distance from the current meter axis
to the river bed and that from the current meter axis to the lower ice surface should be no
less than twice the

i AT ACRT, QRURE FO vV, IS £ 1R JER A PR R AT AT Sl £ B 2 UK T A B R
AN RN AR .

diameter of the vane propeller. The one-point method can be applied (see 7.1.4.3.2) where
the effective depth is about 0,30 m to 1,0 m; in this case, the current meter is located at 0,6
times the effective depth. To compute the mean velocity, a coefficient of 0,88 to 0,90 shall be
applied.

TEARIREZ180.30K 1.0k, P — Mk (W7.1.4.3.2) 5 fEXMIELT, WEAL
THBIRERO.665 4. N T HHHE PR, Mi{#H0.88420.901 R4,

When the effective depth is equal to or exceeds 1,0 m, other measurement methods can be
applied (see 7.1.4.3.1).

MG R FESET a1, 0K, Ap s AR & vk (WL7.1.4.3.1)

When using hydroacoustic instruments, the software should be particularly suited for
measurements on ice.

KT A AR B B 3 A K T

E.2.7.4 Computation of mean velocity on a vertical T E £k F P EK+E
Computation of the mean velocity shall conform to 7.1.4.3.1.

Y TSN 5 7.1.4. 3. T LE

E.2.8 Discharge measurements under partial ice cover conditions 43 VK %k
BT HRRENE

If the water is not completely frozen over, discharge measurements in ice covered sections
can be carried out by using the methods specified in E.71. In an ice-free part of the stream,
open channel methods are applied using a gauging footbridge, a cableway or a boat. If
current meters or hydroacoustic instruments cannot be used in the open water section of the
stream, velocity measurements shall be made using floats; special floats or floating ice can
be used to this end. During the period of ice drift on large rivers, the airborne method of
velocity measurement is practically the only safe method to use. When drifting ice is
distributed evenly over the river, the ice floes may be photographed to determine the flow
discharge in the same way that flow discharge measurements are made using floats. Where
there is an uneven distribution of ice over the river width, special floats shall be dropped from
an aircraft into the open water part of the stream and additional photographs shall be taken
to supplement the data.

WK A EA 450K, AT LA E. 19 RUE B 77 B R DK TR 40 AT P U B o 7RI IR G DK D
gy, fEFEIRE, (EAME RN REsM o an FBAER T AT ROK ISR 2 A B 48 FH A sk
IKIJFE AR, A P VAR AT R B I B Oy T A P AR R BB AR BV OK o RIIEEUK 40 ]
AT TS R ME— R DM B 07 ISR A UK SR8 S Hh oy A AT TR I, AT R
XPFOKBEAT I, DA EHS, TR SR R BT IR M AR R . oK DA 16 58 2 |
IIAT AN, LA TCAL b e TE T RO AR T OB IR AR, AR AT HE e DA R
I o
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E.2.9 Discharge measurements under multi-layered ice conditions % Z 1K %/4
THRENE

When there are two or more ice layers at the measurement site, this site shall not be used
and another site shall be selected for the discharge measurements. The discharges
determined at this alternative site shall be correlated with the water levels at the permanent

gauging station. However, at this observation point, the discharge measurements can be
conducted when the area into which water flows exists.

I A A BCE 2 UKR I, AR AR R, TR R ) — Il S TR R . AR
XA B A R R O R L S K AT Bl KR AR ORI . (E, AEIRADN I AR, KR e
DXIAFAERS, i) A#EAT IR B &

E.2.10 Discharge measurements under conditions of water flow above ice /KT
EkFFMHTHRRENE

If water flows over the ice surface as well as below, the discharges above and below the ice
cover shall be obtained separately. The discharge below the ice cover shall be determined
before water appears above the ice using the method described in 7.7.6. The cross-sectional
area of the water flowing below the ice is determined using the data obtained in the
preliminary measurements. However, the distance between the water surface and the upper
surface of the submerged ice shall be measured.

N FROKBEAEOK T Ly, WAEUKE Fial, R 3R AGK T B A 5 i . FEOKT L
WK Z AT, BAE 7. 1.6 1 77200 7€ UK T LA R BV . OK)= BATR 2K e 37t W 1o i AR 2 P
B D45 2 ) 5 R i 1 o L0 B 7K T 5 e R B (R UK 2 b K T 2 ) ) B

The flow velocities above the ice shall be measured using procedures similar to those for
ice-free channel discharge measurements.

KT BA L Ry s Ak 5 s KT T8 Jhn 0 B SR AP A P 347 £
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If the channel freezes to the bottom in winter and is filled with ice and snow, it is advisable
to make, before the start of the spring flood, a ditch in the snow 0,5 m to 1,0 m wide and
no less than 20 m long to contain the first stream of water.

WRIRIEE A ZRR A R ICHER, BEOKIIED, @WAEEFERIFGERT, 5 B —4%9%0.5K%
1.0k, KADT20K 199, DA E— K.

E.2.11 Discharge computation Ji & )i+&

The computation of the discharge under ice cover shall be made in accordance with
Clause 8, the only difference being that the effective rather than the total depth and the
effective width of flow rather than river width are used.

UKTH T BRI B v 5 N 4% HR 58 5k AT, M — 11 X il 2 A A ROR FE T AN SR B, S FH A A%
T TE T AN 2] B

E.3 Representative vertical method A& :EHE

E.3.1 Principle of the method %75 % ) J& 3

There is a close relationship between the mean flow velocity in the cross-section and the
flow velocity at a given vertical. The discharge Q may thus be obtained from the values of
flow velocity measured at a representative vertical in a cross-section using Formula (E.1):
LYW L R A S R — T B AR A YIRS R L, ATRUH 2 (EL1D
N 37 B R e — AR 2 L7 [ A R AR B Q.

Q=CvA (E.)

Where H:
A is the cross-sectional area at the given water level,
S € KA I W T AR
v is the mean or unit velocity at the representative vertical;
Fe AR L7 7] 1)1 35 1k P B B o7 3
C is a correction coefficient.
FERLIE R HL

E.3.2 Selection of the vertical and determination of the correction coefficient ZHJ5

[a] By HE BEFIAL IE R BRI 5E

As a general rule, for stable ice cover and in the absence of slush and other ice formations dividing
the flow into separate jets, the correlation stated in E. 3.7, between the mean velocity of flow and the
velocity at a representative vertical, is valid.

— kUL, T RRE KR, FERA T IR HAR UK Z R KR 4 O SE R IS 50 R, E.3. 19 ik
FR)~F- SA I BN AT AR A 1 i B ) P IR I 2 T) FR R DA 2 A R

To obtain sufficiently accurate results, the choice of the vertical and the establishment of the
relationship which is usually linear is made on the basis of 40 or 50 discharge measurements
obtained using a multi- point or two-point method. Measurements shall be carried out under stable
conditions and shall cover uniformly the total range of levels.

N T AF RGO AE A, HE ELE A R R Ak R S 2 T 40850 2 ek s
EIRA IR R DR NAEARE AR R EEAT, IR N ST A KT L

71
© IS0 2021 - All rights reserved



The measured discharge is plotted versus either the product of the cross-sectional area and the
mean velocity of flow v , on the given vertical, or the product of the cross-sectional area and the
velocity vo2 at 0,2 of the effective depth where the velocity, according to the field data, is closest to
the mean velocity. For practical purposes, the graph which gives the best curve shall be chosen. il
PR B A AT IR I T AR RS R O SR AR E 45 S (1) HE LA ], B I VR D T AR R A ROR
0.24bHEvo AR, RIEIIAEHE, ZA R P . BT SEbRB e, Mk Hegedefit
AR 2R BT .

The correction coefficient is obtained as the tangent of the curve as it crosses the origin of
coordinates.

FRIE 2B DL i bl AL A I i R D) 26 3045

E.3.3 Limits of application & i

The location of a representative vertical in the cross-section of a stream shall be stable throughout
the year within the total range of stage. The mean square deviation of the relation between the
discharge obtained on the basis of the representative vertical method and the discharges actually
measured shall not exceed 5% to 10%. The method is not applicable for slush, intermittent
backwater and oblique current conditions.

B m bR EEAE, A BREE NN eERE. REAREEREINAES
SRR Y HE B 2 8] R 5 E AR5 % £10% . 1% 5 iEANE A TR TRlEHE [ KR KR 2
G
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E.4 Assessment of uncertainties in winter discharge measurements
and computations £Z &M EMTHE B AH 2 I

The assessment of errors in winter flow measurements and the computations of daily
discharges shall be carried out in accordance with Clause 9.

X A& 2 BN B M AR T B R 2 PR N 4 B9 S E AT

E.5 A method to continuously compute the flow discharge ZE 41
BHIRHITT

A method can be used to continuously compute the flow discharges, which can be
derived from Formula (E.2):

A DA — RO iERE S RS, 207 A (E.2) -

1 5
Q=CB,* A%

Where H+
Q is the discharge (m?%/s);
Pk (=P i
C denotes the degree of decrease in roughness caused by melting and smoothing
of the river ice bottom by flowing water (m®4/s);

TR TUK B AL TR SR UK 2 38 R B N B AR
Bw denotes the river width (m);

FoNI I8 i E
A, is the discharge area (m?).

sefRim & A
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Annex F
(informative)

Corrections for wetted length of wire when measuring
depths with wire not normal to surface

Fii F (SR SC) R0 B IR R XS L KR E K E KB R ATEK
T BB HIYR I K B KB 1R

F.1 See Reference [22]. It should be noted that a correction shall also be made for the
change between the vertical length and the slant length of the line above the water surface.
If the point of suspension of the sounding line is at a vertical distance X above the surface
and the angle between the sounding line and vertical is a, then the air-line correction ky, to

be applied is given by Formula (F.1):

F.A W] W2 CHR22]. EARERRIR, I RNAZ IS ALK T i 28 B ARG 2 18] 1) 224k
HATIEIE . A SRR A 4 )t e /KT DL B IR LR BXAL, R4 58 A B A Na,
A BN R Bk, B AL (F.1) 45 H:

ki, =(seca-1)X (F.1)

The percentage correction (k1a - 100/X) t5 pe deducted from the measured length of the
sounding line, for angles up to 30°, is given in Table F.1.

AF. 1% T AEM A0 HIFOL T, MRS 2 AR TP HNBR I AZ IE 1 73 b (kya - 100/X)

Table F.1 — Air-line correction

KF.1 LK
Vertical angle Correction Vertical angle Correction
EHA ’IE EHA K IE
% %

4° 0.24 18° 5.15
6° 0.55 20° 6.42
8° 0.98 22° 7.85
10° 1.54 24° 9.46
12° 2.23 26° 11.26
14° 3.06 28° 13.26
16° 4.03 30° 15.47

The wet-line correction k,,, (see Table F.2), also expressed as a percentage to be
deducted from the measured length of the sounding line, is estimated on the
assumptions that the horizontal drag pressure on the weight in the comparatively still
water near the bottom can be neglected, that the

velocity distribution in the vertical is normal, and that the sounding wire and the weight are
designed to offer little resistance to the water current.

BARKIE kyw(WAF.2), W3RN AC P BRE B 70 e, AR DU s i 2
filt AT SRE . R BT AR A AR X B L Kk, R B RGOKCPE R R DR DL g, HEETT
[Fa) b R B 73 AT A2 IR IR, U4 RN R 1 U o KR R BEL AR /S
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The uncertainties in this estimation are such that significant errors can be introduced if
the angle of the sounding wire with the vertical is more than 30°.
AT AT E P, I RIR S BT 1A B A OB 30°, At I E RiIR %

Table F.2 — Wet-line correction

RF .2 BARIE
Vertical angle Correction Vertical angle Correction
EEHA KIEY EEHMA K IEY,
4° 0,06 18° 1,64
6° 0,16 20° 2,04
8° 0,32 22° 2,48
10° 0,50 24° 2,96
12° 0,72 26° 3,50
14° 0,98 28° 4,08
16° 1,28 30° 4,72
NOTE The corrections given in this table are percentages of the wet-line depth.
e ARG HEEE IR E .

Figure F.1 shows a typical situation where the position of a current meter is affected by
the velocity of the water. The required position for the current meter is at point B, a
distance L from the point of suspension. The velocity of the water will cause the current
meter to be pulled downstream so that the angle of suspension is a .

AIF AR T — AN B RIE O, FOEAHI AL B 52 2)RE RS2 o AT 7 AL B R AEB A
etk AR B L KRR K S B ) T, IR A va.
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, L
cosd=——
Ly

Ly =L+C
s.cosd=
L+C
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Figure F.1 — Wet-line correction
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If the cross-section is pre-surveyed then the value of L is either known or can be measured on site.
The angle a can be measured and the correction factor C calculated. The process may be
iterative as the angle, a, can alter as the current meter is lowered into the water.

n SR YA W T TS B ), A LRME 2 SRR, B AT AEILZ & . WTLANE A Ea, JFit
FRIERBC, RIS RER R EHATH, By a2 B85 WA T B e ag .

This method assumes that the bed is horizontal between points D and D1.
AT DDA fi 2 8] R A2 KT 1

If the cross-section is not pre-surveyed then the current meter can be lowered to the bed at point D1
and the distance AD1 measured. At the same time, the angle, a, can be measured and thus the
distance AD can be calculated.

W R TR A TAE IR, IS4 NRAX AT DAZED s FEZIRIR, M EFEEAD . [RIN, AT DA A
FEa, MIMA LR H R EAD.

AD (F.7)
(F.8)
Thus: /15
AD=AD1cosd

Having determined distance AD, the procedure used for a pre-surveyed cross-section can be used.
FEWHE T EEBADZ 5, At AT A FH T35 1 25 1) e i 0 v A FH RO P
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