INTERNATIONAL

ISO

STANDARD 15769

First edition
2010-04-15

Hydrometry — Guidelines for the
application of acoustic velocity me
using the Doppler and-echo correl
methods

Hydrométrie — Lignes directrices pour I'application des cori
vitesse ultrasoniques fixes.utilisant I'effet Doppler et la corr
d'échos

iters
ation

hpteurs de
Blation

——— Reference number
= — 1ISO 15769:2010(E)

© SO 2010


https://standardsiso.com/api/?name=2ac87ad6d9b383a96479b677ea42b05d

ISO 15769:2010(E)

PDF disclaimer

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

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

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

ISO copyright office

Case postale 56 CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=2ac87ad6d9b383a96479b677ea42b05d

Contents

o (=31 o T (o
1 8T o -
2 NOIrMAtIVE refEr@NCES.........ciiiiiieeee i re s e r s e e e s e s s ma s s e e e reesnnnsssssereennnnn
3 Terms, definitions and abbreviated terms........c.ccccoviiiieecciiierre e ey
3.1 Terms and definitioNs ........ceeeiiiiiiiiiii s e s s e s e s e mnnsssreeeesedeTansbens
3.2 AX 0] o] =3V =1 (=T IR 0= o 5 UL S0 A
4 Principles of operation of the techniques.........ccccciircccccrre st A T
4.1 UItrasonic DOPPIET ... s i s s s s s s s s s
4.2 Operating teChNIQUES.........ooc e e
4.3 Bed-mounted Doppler systems ... s s
44 Side-looking/horizontal ADCPS ... e S s mme e
4.5 Acoustic (echo) correlation method..............oiiiiiii e
4.6 Velocity-indeX ratings ........cccoooiiimmniiccerer e st e s
5 Factors affecting operation and accuracy ..........cccoeeeecOhi¥niinniin e
5.1 1= o 1= - | S
5.2 Characteristics of the instrument..........ceeeeiiiiie O e
5.3 Channel and water characteristics ......ccccccvviivirendliiiiiiiriirie i rrs s e rr e e ennes
5.4 8 (=T o3 Ao R, == [ OO
6 B3 =37 =Y (= 4 o o e
6.1 €T =Y o 1= - | Y
6.2 General site requirements for Dopplérs and echo correlation devices........................
6.3 Bed-mounted ultrasonic Doppler and echo correlation devices .........cccccceeeeeiciiiccnnnnee.
6.4 £ Lo =T Lo Y11= e
7 1Y L= T U =Y 4 L= 4
71 = (o T o1 4
7.2 BT 1=l (= -
7.3 Determination of cross-sectional area.......cccccccoviviieeeeiiiiiirire e
8 Installation, operation and maintenance............cccccciiiirirrrinrnrrrr i ————————
8.1 Installation CONSIAEratioNS........cueeeuiiiiiiiiii e e e s nna s e rrens
8.2 General maintenance considerations ............ccceeeeeciiiiiieimeerrr e e rnna
9 Calibration, evaluation and verification ..........ccccceeiiiiiiiiiieccrr e e
9.1 €= o 1= = Y
9.2 Calibration and performance checking...........oocuiiii i
10 Determination of discharge.........ccccoivviiiniinnn e ———————
101 _e'e"r;lai .................................................................................................................................
10.2  Velocity-indeX ratings .......ccccuuciirriniimmiin s
11 Uncertainties in discharge determinations.............ccoooiinccccc e,
11.1 €= 0 = - |
11.2  Definition of UNcertainty .........ccccciiiiicccicrir e
11.3  General expectations of performance...........ccccovmiimiiinicccserrre e
11.4  Methodology of estimating the uncertainty in discharge determination ......................
12 Points to consider when selecting equipment.......... ..

Annex A (informative) Selection considerations for ultrasonic Doppler and echo correlation
o L o=

Annex B (informative) Practical considerations

ISO 15769:2010(E)

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=2ac87ad6d9b383a96479b677ea42b05d

ISO 15769:2010(E)

Annex C (informative) Introduction to measurement uncertainty...........cccccciriiircccirrr s 45
Annex D (informative) Performance guide for hydrometric equipment for use in technical

L= = 13 L0 = | o 53
Annex E (informative) Sample questionnaire — Doppler- and echo-correlation-based flowmeters........ 56
= T 0] [ oY T =1 ] 52 61

iv © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=2ac87ad6d9b383a96479b677ea42b05d

ISO 15769:2010(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft ‘Internation
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Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO
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15769 was prepared by Technical Committee 1SO/TC 113{ Hydrometry, Subcommittee S
area methods.

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, f

ed by the technical committees are circulated to the member bodies fer'.voting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.
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INTERNATIONAL STANDARD

ISO 15769:2010(E)

Hydrometry — Guidelines for the application of acoustic

ve

locity meters using the Doppler and echo correlation

methods

1

This [International Standard provides guidelines on the principles of operation and,the-selectio
Doppler-based and echo correlation velocity meters for continuous-flow gauging.

This [International Standard is applicable to channel flow determination in open channels and
pipeq using one or more meters located at fixed points in the cross-section.
NOTEH A limitation of the techniques is that measurement is made of the velocity of particles, othd

disturpances.

2

The
refe

document applies.
ISO/TS 25377:2007, Hydrometric uncertainty~guidance (HUG)

ISO 1

3

3.1

For

3141

bea

angle
mourthing angle of the acoustic transducer relative to the normalized profiling direction

$cope

Normative references

following referenced documents are indispensable for the application of this documen
rgnces, only the edition cited applies. For undated references, the latest edition of th

72, Hydrometry — Vocabulary and Symbols

Terms, definitions-and abbreviated terms

Terms and definitions

the purposes-ofi.this document, the terms and definitions given in ISO 772 and the following a

N and use of

partially filled

r reflectors or

t. For dated
b referenced

Dply.

NOTE Different beam angles will be suitable for different applications.
31.2
beam width

width of the acoustic signal transmitted, in degrees (°), from the centre of the transducer

NOTE

This, coupled with the side lobe of the acoustic signal, will affect the suitability of a particular instrument for its

application, based on the mounting location and the distance of the water volume measured from the sensor.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=2ac87ad6d9b383a96479b677ea42b05d

ISO 15769:2010(E)

3.1.3
bed-mounte

d device

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

314
bin
depth cell

portion of the water sampled by the instrument at a known distance and orientation from the transducers

NOTE

The instrument determines the velocity in each cell.

3.1.5

blanking di
portion of w
NOTE 1 TH

NOTE2 It

tance
er close to the instrument that is not sampled by Doppler technology

is is left blank to allow the transducer to stop “ringing” before it receives reflected signals!

s also used to avoid the instrument sampling velocity in the zone of flow interference created close t

by, the instrunpent.

3.1.6
broad-band

Doppler

instrument that records velocity at set distances from the sensor (see/range-gated Doppler, 3.1.11)

coded acous|

31.7

continuous
simple type
beam, taking

3.1.8
downward-I
instrument th

3.1.9

echo (cross
acoustic tech
in the flowing

3.1.10

lic pulses to make multiple velocity measurements from a single pulse pair (ping)

Doppler
bf Doppler instrument that measures the Dopplet-shift of all the particles within the range
the frequency with the largest peak as the average

boking device
at can be deployed floating on the(water surface looking down into the water column

correlation
nique for recognizing echo’/images that can be used to determine the velocity of particles m
water

profiling Do
Doppler inst

ppler
ument that 'discriminates between signals from reflectors at different distances from the s

and uses thig information to moderate the estimate of average velocity

3.1.11

range-gated| Doppler

D, and

using

f the

pving

ENSOr

sophisticated Doppler instrument that records particle velocities at pre-set distances from the sensor

NOTE Some instruments can produce velocity profiles along the length of the beam, while others just log
measurements from one or more pre-defined cells.

3.1.12

side lobe

most transducers that are developed using current technology have parasitic side lobes that are emitted off
the main acoustic beam

NOTE The side-lobe effect needs to be allowed for in the design and operation of the instrument.

© 1SO 2010 — All rights reserved
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3.1.13
side-looker

Doppler usually mounted on the side of the channel

3.1.14
stage

water level measured relative to a fixed datum

EXAMPLE

3.1.15
upw

The level of the lowest point in the channel.

ISO 15769:2010(E)

bed-mounted instrument that looks up through the water column

3.2

Abbreviated terms

Abbrfeviation

Meaning

Notes

ADQP
ADP

ADVM
instriment

ADVP
H-ADCP
H-ADVM

acoustic Doppler current profiler
acoustic Doppler profiler

acoustic Doppler velocity meter

acoustic Doppler velocity profiler
horizontal ADCP
horizontal ADVM

This is a registered trademark of Sontek/Y]

Term used ta_describe a profiling acou
velocity.

Alternative acronym and name for ADCP.
Side/bank-mounted acoustic Doppler velo

Side/bank-mounted acoustic Doppler velo

S1.1)
stic Doppler

City profiler.

City meter.

4 Principles of operation of the techniques

4.1

The

Ultrasonic Doppler

ethod of velocity measurement used is based upon a phenomenon first identified by Chri

in 1843. The principle of “Doppler shift” describes the difference, or shift, which occurs in the
emitted sound waves as théy/are reflected back from a moving body.

The

sensors of Doppler systems normally contain a transmitting and a receiving device (see
sounfl wave of high‘frequency (Fy) is transmitted into the flow of water and intercepted and reflec

differpnt frequengy by tiny particles or air bubbles (reflectors). A typical reflector n produces a fr

Fy,.

[he “shift"between transmitted and reflected frequencies is proportional to the movemen

relatiye to the'position of the sound source (i.e. the sensor).

stian Doppler
frequency of

Figure 1). A
fed back at a
pquency shift
t of particles

1) Sontek/YSI is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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bcted
Ctor n

Key
1 Doppler sensor
2 water surface
3 channel bed
a,bandc particulates
Fy frequency of transmitted sound pulse
F,, Fyand F, | frequency of sound pulses reflected from particulates a, b andc
V. Vyand V. | velocity of particulates a, b and ¢
angle between the horizontal and the angle of the sound beam
Figure 1 — Principle of Doppler ultrasonic flow measurement

Doppler shiftlonly occurs if there is relative movement between the transmitted sound source and the refl
sound sourc¢ along the acoustic beam (but net if’it is perpendicular to it). The velocity of the moving refle
can be calculated from
a) the maghitude of the Doppler shift,
b) the angle between the transmitted beam and the direction of movement, and
c) the velogity of sound inwater.
It can be shown that

v, = Fg,{ °cl2Fg cos . ,,
where

Fy, s the Doppler frequency shift produced by reflector #;

Fy is the frequency of sound with no movement;

v, is the relative velocity between the transmitted sound source and reflector #;

c is the velocity of sound in water;

., Is the angle between the reflector's line of motion (the assumed flow path) and the direction of the

acoustic beam.

4
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A Doppler velocity meter measures the resultant frequency shift produced by a large number of reflectors, of
which reflector » is typical, and from that computes a mean velocity. It is the velocity of moving particles, and
not water velocity, which is measured. By including the velocity of many particles, it aims to make an estimate
of the mean water velocity of the volume sampled by the acoustic beam. Although the particles, if small, will
travel at almost the same speed as the water, sampling errors may occur depending on the spatial and
velocity distribution of the particles.

The cross-sectional area is also required to apply the velocity-area calculation of discharge. Most systems
incorporate a water-level sensor, and combining the water depth with knowledge of the cross-sectional profile
allows the flow to be calculated.

4.2 [Operating techniques

4.2.1( Introduction

All Dppplers fit into one of four general categories, based upon the method by whiéh‘the measlirements are
made:

a) ¢ontinuous wave Dopplers;

b) pulsed incoherent profiling Dopplers (including narrow band);

c) pulse-to-pulse coherent;

d) gpread spectrum or broad band.

The last three of these four categories are all range gated. Range gating breaks the signal intp successive
segments and processes each segment independently of the others. This allows the instrument to measure
the profile of the velocity at different distances fromhe instrument, with precise knowledge of the location of
each(velocity measurement. Reference should be made to the manufacturer's instrument manualfto determine
the type of instrument in use.

4.2.2 Continuous wave Dopplers

Pulsg incoherent or continuous, Dopplers are the simplest type of Doppler system. A continyous Doppler
transmits a continuous signat~with one transducer, while receiving the reflected signal with a separate
transfgucer. The instrument,measures the Doppler shift, which is used to calculate the velocity of| the particles
alond the path of the acaoustic beam. The instrument takes an average of the measured velocitigs calculated
from |the frequency and.the strength of the loudest reflected signals. The instrument cannot determine the
precise location withinythe water column. In some situations, this simplicity does not cause any groblems but,
in chgnnels wheré/the sediment distribution is uneven, the loudest signal may not represent|the average
velodity in the~ehannel. In addition, in channels with a heavy sediment load, most of the signal would be
reflegted back.béefore fully penetrating the water column. Thus, the loudest signal would be from close to the
instrymentiand would not be representative of the average velocity in the channel.

4.2.3—Putseincoherent

Incoherent Doppler or profiling systems are more sophisticated than continuous wave Dopplers, in that they
take into account the distance travelled by the reflected signals when calculating the average velocity. An
incoherent Doppler transmits a single pulse of sound and measures the Doppler shift, which is used to
determine the velocity of the particles along the path of the acoustic beam. Based upon the elapsed time since
the pulse was transmitted, and the speed of sound in water, the exact location of the velocity measurement is
known. By range gating the return signal at different times, the profile of velocity with the distance away from
the instrument can be determined.

© 1SO 2010 — All rights reserved
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4.2.4 Pulse-to-pulse coherent

Coherent Doppler systems follow many of the same measurement principles as incoherent Doppler systems,
but use a different method for determining the Doppler shift. Coherent systems transmit one relatively short
pulse, record the return signal and then transmit a second short pulse, when the return from the first pulse is
no longer detectable. The instrument measures the phase differences between the two returns and uses this
to calculate the Doppler shift. Signals too close to the instrument are rejected.

4.2.5 Spread spectrum (broad band)

Like coherent systems, broad-band Dopplers transmit two pulses and look at the phase change of the return
from succespive pulses. However, with broad-band systems, both acoustic pulSes are within the profiling
range at the [same time. The broad-band acoustic pulse is complex, it has a code superimposed on the’jwave
form. The cqde is imposed on the wave form by reversing the phase and creating a pseudo-random|code
within the wave form. This pseudo-random code allows many independent samples to be cellected from a
single sound| pulse. Because of the complexity of the pulse, the processing is slower than,it~a narrow{band
system. However, multiple independent samples are obtained from each ping.

4.2.6 Range gating

The range gating method breaks the signal into successive segments amd" processes each segment
independently of the others. Side-looking/horizontal ADCPs use this approach, as do several of the more
sophisticateq bed-mounted devices.

4.3 Bed-mounted Doppler systems

Bed-mounted Doppler systems include all four types of Doppleriinstrument. They are normally used in srhaller
channels, fof example up to 5 m wide and 5 m deep, where they are often practical and easy to inpstall.
However, this does not mean they cannot be used in largerchannels, even though it may be difficult to install
bed-mounteq instruments in particularly deep channels:If siltation is a problem, it may be possible to mount
such deviceq on a raised platform or on the channel sides.

4.4 Side-looking/horizontal ADCPs

These instruments are usually fixed to/the side of the channel and look across the channel to detefmine
velocities in pne horizontal layer across the full width, or a portion of the width, of the cross-section (excluding
the blanking|distance). Most systems consist of two transducers, one sending a beam diagonally acrogs the
channel in gn upstream directiomand the other diagonally across the channel in a downstream dirgction
[see Figures|2 a) and 2 b)]. A fixed, side-looking ADCP does not estimate velocity throughout the full chgnnel
cross-section). With a knownorientation of the transducers, each beam can be divided into an equal number of
cells or bins [and the component average velocity in the x-, y- and resultant directions can be determingd for

measuring
velocity-inde ; ;
(see-Figure 3). This layer is divided into one or more sample cells or bins and the average velocity is
computed for each. The operator can usually select the size and position of these measurement cells.

6 © 1SO 2010 — All rights reserved
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ZV

1 bpnk of channel
2 bpams
3 djrection of flow

a) Plan view

Zl A
1 2 3 5
S /
0 / IE _
Y
AN
4
b) Side view
Key

1 instrument
2 firstcell
3 water surface

4  channel bed
5 lastcell
H height of water above cell

Figure 2 — Diagram illustrating a typical H-ADCP/side-looker beam and cell arrangement
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Figur¢ 3 — Sketch illustrating the channel cross-section sampled by a side-looking ADCP,
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4.5 Acoustic (echo) correlation method

The echo (c
application.

moving part
ultrasonic py

reflected ultrasonic echo from the first pulse is received as a characteristic pattern. This is digitized and s

ble, the beam is sampling the majority of the width of the channel. The average veloCity in
eraged over the full beam width in the cell.

illustrating the spread of the beam, and the measurement cells_ sampled

se to the instrument typically remain unmeasured. This is forthe following two reasons.
h near the transducer (blank after transmit) is left blankto*allow the transducer to stop “rin
turer's literature.

measuring in the zone of turbulence created:bythe instrument itself.

However, even though it is dependent on transmitted sound pulses being reflected back
cles, it works on somewhat:different principles. An ultrasonic transducer transmits a
Ise (or pulse code) into the-water. These pulses are reflected by particles or air bubbles

as the first s
and the inco

can of the dated echo ‘pattern. About 0,4 ms to 4 ms later, another ultrasonic pulse is transr
ing echo patterns are digitized and stored. This is the second scan pattern. Using the trave

each

ging”

t receives reflected signals. The minimum blanking" distance can be obtained from the

0ss) correlation velocity meter is(very similar to a bed-mounted ultrasonic Doppler in siz¢ and

from
short
The
tored
nitted
time

velocity profile in the vertical (see Figures 4, 5 and 6).
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10 / s ° °
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7
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5 ° /
4 / e
3
f
2 Va V max
1 e D S
N AN
2 3 4
Key
1 scan windows (cells) 5 water surface
2 water level sensor Va velocity at cell a
3 velocity sensor Vimax Maximum velocity
4 channel bed
Figure 4 — Sketch illustrating an‘echo correlation velocity meter
2
1 8
—~ — — T~ —
XEn 3
E4 ¢ e E3 4 o
T ™ o E2 5
[
- E1 6
/ -
N DN >>\
7 9
a)
Key
1 E1 to E4 = reflection particle 6 measuring window 1
2 scan1 7 sensor
3 measuring windows 4 to 16 8 water surface
4  measuring window 3 9 bed level
5 measuring window 2
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/ 3
N DN >>&
7 9
b)
1 E1 to E4 F reflection particle
2 scan?2
3 measuring windows 4 to 16
4  measuring window 3
5 measuring window 2
6 measuring window 1
7 sensor
8 water surfpce
9 bed level
Fidqure 5 — Sketches illustrating the principles of the echo correlation velocity meter
4 5 6
| L A\ A
E3 E2 E1
2 - N A
E4 E3 E2 E1
3
At
_ ts _ _Hh
Key
1 signal reception, 1st scan 4  measuring window 3
2 signal reception, 2nd scan 5 measuring window 2
3 signal evaluation 6 measuring window 1

For nth window: E, is the echo in window #, t, is the time between echoes in window » and # is the window number.

Figure 6 — Sketch illustrating the principles of the echo (cross) correlation technique
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4.6 Velocity-index ratings

With the exception of multi-path transit-time ultrasonic systems with a significant number of operational paths
(see 1SO 6416), acoustic continuous-flow measuring devices require calibration. Unless the cross-section is
relatively small, ultrasonic Doppler and echo correlation systems only measure velocity in part of the
cross-section. By measuring the vertical profile, these devices obtain enough information that can be coupled
with velocity distribution models to make a reasonable flow determination. As such, the measured velocity
needs to be related to the mean velocity in the measuring section for any given stage and flow. A relationship
between stage and cross-sectional area is also required. The relationship between mean cross-sectional
velocity and the measured velocity (index velocity) is referred to as the velocity-index rating. Bottom-mounted,
range-gated devices (that thus measure the vertical profile of velocity) can provide reasonable flow data
with tbratior f i lined with a
regulpr (i.e. trapezoidal) cross-section. Nevertheless, even if the instrument can effectively 'sample velocity
throughout the cross-section, verification gaugings are required to confirm that the dischafge is being
ined accurately.

an in
obtai
stags

er to establish an index velocity relationship, independent measurements of discharge are
dependent gauging method and the instrument velocities and stage readings-are noted. T
ned by gauging is divided by the cross-sectional area at the velocity-sensing device (obtai
-area relationship), to obtain the mean velocity for that section. A relationship can then t

made using
he discharge
hed from the
e derived to

obtaip the mean velocity from the measured velocity. The measured velacity is often referred to|as the index

velodity. There are two types of relationship that are commonly used:

a) mean velocity = function (index velocity);

b) 1mean velocity = function (index velocity, stage).

The former is used at sites where the relationship between mean velocity and measured velocity is relatively
stablg¢, whereas the latter is generally used at sitesiwhere the flow conditions vary with not only velocity, but
also yvith stage. A reasonably intensive calibration.gffort is required to apply the indexing method.

5 Factors affecting operation-and accuracy

5.1 | General

The factors affecting the performance of Doppler and echo correlation velocity meters may be br
into gharacteristics of the-instrument and those of the channel or the liquid flowing in it. Howevs
intergct and must be considered together.

badly divided
r, the effects

In adfition to the issués raised in 5.2 and 5.3, further practical considerations are highlighted in Apnex B.

5.2 | Characteristics of the instrument

5.2.1| Yntroduction

The characteristics of the instrument and, in particular, the sensor, will have a bearing on its performance in
any given situation. There is no optimum set of characteristics. Some environmental factors will make a
particular instrument perform better under some conditions but worse under others.

5.2.2 Ultrasonic beam angle (continuous wave Dopplers)

For the simpler, continuous wave bed-mounted Doppler systems, the ultrasonic “beam” is usually transmitted
in the approximate shape of a cone. The term “beam angle”, or “projection angle”, in this context, refers to the
angle between the cone axis and the flow direction. This subclause describes the effects of beam angle,
though in fact the beam “width” must be considered at the same time (see 5.2.3). Range-gated/profiling
Dopplers inherently use narrow band widths (typically 1,4° to 2,8°). Therefore, this subclause is mainly
concerned with continuous wave Dopplers.

© 1SO 2010 — All rights reserved 11
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The sensor has to be installed so that it is below the liquid surface under all conditions of interest and in such
a way that the beam cone reaches the lateral extremities of the channel as far as possible. The installed
position is often a compromise and the installer is frequently obliged to install the sensor on the channel bed,
somewhere near the centre of the cross-section. An off-centre position is sometimes used.

Assuming that an ultrasonic Doppler sensor is installed on the bed of the channel, a high angle between the
flow direction and ultrasonic beam (for example between 30° and 50°) will enable signals to be obtained
throughout the depth up to the limit of the penetration of the beam. However, no signals will be obtained close
to the bed on either side of the sensor. Serious sampling errors will occur, particularly when the ratio between
the depth of water and width of the channel is low [see Figures 7 a) and 7 b)].

Conversely,

depths. Howegver, a b

Beam “width

beam may not be sufficient to do so [see Figures 7 a) and 7 b)].

also has a bearing on the velocity sampling (see 5.2.3).

4

2

3 5

eam at a shallow angle may not reach the lateral extremities if the channel is too\w
not sufficiently long. In a long channel, the beam might theoretically reach the extremities but the penet
(range) of the

allow
de or
ation

a) At low/medium depth a small . is preferable

Figure 7 — Bed-mounted continuous wave Doppler beam angle effects (continued)
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3 \5

b) At high depth large . produces better sampling

Key

1 pprtion sampled by main beam 5 channel bed

2 s|de lobes 6 unsampled area (hatched)
3 sensor v' preferred situation

4  water surface % less favourable situation

Figure 7 — Bed-mounted continuous wave.Doppler beam angle effects

5.2.3] Beam “width”

Beam width is a loose term indicating the spread)of the beam. It is a function of sound frequency pnd diameter
of the transmitter. The designer of the instrument may be constrained by other factors in his scope to vary the
beam width.

A wigle beam, i.e. one with a cone_having a large spread, will give best coverage in that signals will be
obtaihed over a greater area of the:channel. However, there will be an uncertainty in velocity measurement,
sinceg the wide beam means that‘the actual angle made by a particular reflector may be diffefent from the
mearn beam angle assumed-bythe instrument. Furthermore, a bias could occur depending on the distribution
of velocity and reflector concentration.

A nafrow beam width would have less angular uncertainty but a poorer coverage (sampling). A parrow beam
allows for a longer—profiling distance (greater range). Side-lookers and other range-gated jnd profiling
instryments tendto have narrow band widths. This allows the instrument to profile, across the channel, a
greater distance” before the beam spread strikes a boundary. This makes them far more suitaljle for use in
largef rivers’than continuous wave Doppler systems.

If theldistribution-ofreflectors—and-velosity-are-beth-fairlruniform—samplingis-unrimpertant-and-a-narrow beam
width would give best results because the uncertainty relating to beam angle is minimized. In contrast, if the
velocity distribution is non-uniform, a wide beam width will give a better sample of velocity than a narrow one.
If, at the same time, the reflector distribution is uniform, the error relating to beam angle may be acceptable
and so a wide beam width will be preferable.

If neither the velocity profile nor the reflector density is uniform, a significant uncertainty of measurement can
be expected whatever the beam width.

Care must be taken to ensure that the range (distance from the sensor) and beam width are taken into

account to ensure that the acoustic beam is not hitting a surface, i.e. channel bed or water surface
(see 5.2.7.3).
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5.2.4 Ultrasonic frequency

A lower frequency will generally penetrate further (greater range) but will require a larger transducer for a
given beam width. A larger width/depth of channel will therefore benefit from a lower frequency transducer
where the larger sensor size will not present a serious obstruction.

5.2.5 Method of determining velocity of sound

The velocity of sound in water varies with density, which is a function of temperature, salinity and pressure.
Since the velocity of sound appears in the velocity determination formulae for Doppler-based instruments,
errors will occur if no adjustment is made. Some instruments have no dynamic adjustment, though it is
possible to gutin a fixed calibration factor. This IS acceptable provided the conditions do not change, Pther
instruments have a temperature sensor and a dynamic correction for temperature effects. This is aeccefjtable
for condition$ where the water content is unchanging but the temperature does change.

When the tgmperature and salinity are variable, the only satisfactory solutions are for the <instrumgnt to
measure the|velocity of sound or to separately measure or estimate the temperature and salinity and to make
a retrospectiye correction to the recorded data.

The effect of|not making full or partial allowance for this variation is described in 5.2.6.
5.2.6 Signal processing

5.2.6.1 Continuous wave Doppler-based technologies

The basic thgory shows the calculation of frequency shift resultingdrom a single moving reflector. In pragctice,
of course, many reflectors are involved, moving at different “speeds in different parts of the beam| The
processor hgs to employ averaging methods of measuring frequency shifts.

Processing methods vary. Simple analogue methods are,likely to give a higher weight to stronger signalg from
nearby refleqtors. This may be serious if the velocity,profile is not uniform. This will provide an additional non-
uniform effedt relating to beam angle and width.

Instruments gmploying more sophisticated processing methods attempt to remove the signal strength gffect,

for example py using Fourier transform techniques. Though this is an improvement, such instruments r¢main
sensitive to rlon-uniform effects in the water itself.

5.2.6.2 Timelrange gating techhologies

Some instruments employing )‘time gating” or “range gating” methods attempt to separate the signals| from
different partfs of the space in the beam, so as to produce information about the distribution of velocity|. It is
possible, by fransmitting,in timed bursts and examining received reflections at different delays, to estimafe the
velocity varigtion with=distance from the sensor. However, it is not possible to say from what angle within the
beam width| the: signals have come. Consequently, whilst this information is useful for profiling| type
instruments in determmmg velomty proﬂles in deep water where the beam is generaIIy almed across thg flow
(usually dowhv v S c e—ch
This is because the |nformat|on will come from d|fferent d|stances along the channel, not across it. However,
such methods will prevent the processor being swamped by very close strong signals since they can be
identified by the short time delay.

An exception to these observations would be the case of an instrument incorporating multiple narrow beams
or a single narrow beam whose direction is capable of automatic variation. In such cases, velocities from small
defined volumes within the channel could be measured.

It is important to remember that, whilst instruments employing techniques like time gating or Fourier transform

analysis are likely to perform better in terms of short range bias, their range will still be limited by beam
penetration. As the channel size increases, this will produce another type of range-related sampling error.
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5.2.7 Instrument position and portion of the cross-section sampled

5.2.71 General

Most bed-mounted ultrasonic Doppler or echo correlation devices or installations will not sample the full
cross-section unless the channel is relatively small. The portion of the cross-section sampled will depend on
the channel dimensions, the position of the instrument and the design characteristics of the sensor. Echo
correlation devices' and bed Dopplers' narrow beams effectively only sample velocity in a vertical direction.
Side-lookers effectively sample the velocity in what can be assumed to be a horizontal slice, which may, or
may not, extend across the full width of the channel. At some sites, it may be possible to carefully locate the
instrument in the channel, to compensate. However, it is more usual to develop a relationship between the

meas
instry
obtai
(see

5.2.7

Basiq
ultrag
may

further before receiving interference from the surface. An instrument'with a smaller beam ang

beam
sam
instry
some

In ce
chan
the c

Curre
posit
matc
some

ured velocity and the mean velocity (See Clauses 9 and 10). The mean velocity at the 19
ment can be obtained from the current meter, including moving-boat ADCP gauging
ned by dividing the measured discharge by the cross-sectional area at the .nstrun
10.2.2).

2 Bed-mounted Doppler devices

bed-mounted continuous wave Doppler instruments sample the portien' of channel con
onic beam before it reaches the water surface. For a typical instrument in a 0,5 m deep
be a section 0,15 m wide. The deeper the channel, the larger the width sampled, because

width will sample a greater width, an instrument with a larger_beam angle and smaller be
le less. At face value, an instrument with greater beam width-may seem to be a better choi
ments have a greater standard deviation in their velocity*measurements, which may be

sites. A balance based on the channel characteristics-shall be made when selecting an inst

nel. This may be of some benefit when the velocity distribution is asymmetrical about the
hannel.

nt meter (including moving-boat ADCP).gaugings carried out prior to installation should aid
oning. Most systems allow a multiplier, or equation, to be included to adjust the measure
N the average velocity in the channel. This should be determined by calibration gauging.

sites, a simple linear velocity-index rating may not be suitable, necessitating the co

cation of the
jata. This is
ent location

ained in the
channel, this
it penetrates
e and larger
bm width will
ce, but these
A problem at
rument.

Ftain channels, more than one instrument could e used in order to sample a greater proportion of the

centre-line of

with Doppler
d velocity to
However, at
mputation of

dischiarge using a more complexrelationship, possibly using stage as well as index velocity as a parameter.

strument sited too close t6 the bank will receive interference from the bank before it has sanjpled enough
channel cross-section.

Anin
of thq

5.2.7|13  Side-lookers
re it reaches
n a 5 m wide

he wider the

Side-
the o]
chan
chan

mounted.instruments sample the portion of channel contained in the ultrasonic beam befo
her bank, its range or hits an obstruction e.g. rock on the channel bed. For a typical meter
nel; this may be a cone 0,15 m in diameter with a length equal to the channel width. T
pel/the larger the cone diameter.

Unless the channel has a limited stage range and it is possible for the meter to sample the majority of the
width of the cross-section, it will not usually be possible to mount the instrument where it will record close to
average velocities for the full range of flows. As the depth of water increases or decreases, the level where
average velocities occur moves up and down. Multi-point current meter or moving-boat ADCP gauging of the
site at different stages may allow the position of the meter to be optimized, particularly if the site has a narrow
stage range. If the site has a wide stage range, an indexing algorithm will be required to convert measured
velocity to average velocity and flow, i.e. velocity-index rating. This should be determined by calibration
gauging (see 9.1).
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5.2.7.4 Echo correlation

Echo correlation devices sample a very narrow vertical slice of water directly upstream of the meter. The
instrument divides the vertical slice into a number of cells for which the average velocity is determined. There
are sufficient cells sampled to accurately define the velocity profile immediately upstream of the instrument.
This is effectively the same as defining the mean velocity in one vertical similar to a current meter gauging
(see ISO 748) vertical. It is therefore necessary to define a relationship between the measured velocity and
the corresponding mean velocity in the whole of the flowing cross-section at the instrument.

5.3 Channel and water characteristics

5.3.1

5.31.1
In order to (g
should be cl
the instrume

Most ultrasd

pre-programmed depth/area relationship. The accuracy of this relationship- will affect the accuracy d
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nt to avoid these pitfalls. See Clause 7.
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tion should be checked for any significant changes. Some instruments have facilities to incl
e programme and will use this to adjust the depth/area relationship.

el becomes wider, the limited range of\the instrument will cause the sampled velocity to be
of the whole channel.

Channel, particularly when thetdepth is also low, the size of the sensor could present a se
causing the channel to back~up and possibly to silt up (see 5.3.6). The size of the sensor
he velocity distribution around it.

ht reach of uniform @rgss-section is preferred. This will encourage the development of a re
The flow pattern should be regular over the length from which the instrument is sampling pa
he straight reach) will usually be a longer distance than that required by other methods

e general guide is five times the width to which the sampling length should be added. It m
mploy flew straighteners when instruments are deployed in small channels, though they te
sedrin‘sewers, raw effluent channels and streams that carry debris.
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Most instruments will allow the cross-sectional shape to be programmed. This is used to convert the depth
measurement into area, which is multiplied by the velocity measured by the instrument to determine flow.
Some systems can only process symmetrical cross-sections. Others require complex geometrical calculations
to specify the channel shape. In most cases, the measured velocity is assumed to be the mean velocity. Some
systems take the highest velocity and calculate the mean velocity with a calibrated conversion factor. In other
systems, it is possible to input more complex velocity-index ratings to determine the discharge in-situ. If the
discharge is determined in-situ it is important to store the raw data, i.e. measured velocity and water level, for
reprocessing purposes if the velocity-index rating is improved upon and changed.
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Some Doppler systems use velocity distribution as measured for a limited part of a channel combined with a
theoretical model of velocity distribution to compute the mean velocity of the channel. Some systems support
multiple methods of mean velocity calculation, i.e. theoretical and index velocity equations.

5.3.1.3 Side-lookers

If possible, the channel geometry should be as regular as possible and sites with sudden changes in
cross-section or complex geometry shall be avoided, since this will result in more complicated velocity-index
ratings. Side-lookers are generally capable, depending on the frequency of the transducers and the amount of
depth available (see 5.3.2) of sampling distances from about 0,5 m to in excess of 100 m. However, it should
be emphasized that it is not necessary with the side-looking technology and the velocity-index rating method

to sample the fulrwidthrof the channet.
5.3.2| Depth
5.3.2]1 Bed-mounted devices (Doppler and echo correlation)

vices. Some

A miximum depth of 100 mm is required for most bed-mounted Doppler and echo correlation dg

of th
Even
chan
down

The

corre

more sophisticated, range-gated bed-mounted Doppler devices may-tequire a greater d
though some instruments will operate in depths of less than 100¢mm, this shall be avoi
nels, for example less than 5 m wide, it may be possible to install a simple head-ra
stream of the sensor to maintain a minimum depth.

maximum depth is instrument dependent but can vary from»2'm for continuous wave Doppl
ation devices to up to 10 m for more sophisticated Deppler devices. Some of the more

rangg-gated Dopplers will operate in even greater depths.

5.3.2

The

the fni

a)

b)

The

when
insta
veloo

5.3.3

2 Side-lookers

minimum depth will be instrument dependent and is partially a function of the distance being

@ minimum depth at the instrument.of 0,5 m, assuming the instrument is equidistant betwe
surface and the bed; and

in most circumstances, the relatively conservative 1:10 rule (aspect ratio) can be applied,
10 m distance, 1 m of depth will be required. In reality, if conditions are favourable, the instru
apable of an aspectratio of 1:20, or even better.

o

nstrument manufacturers provide tools within the instrument's software to allow the opera
sound pulses are being reflected off the bed, water surface or obstructions in the chann
lations it«will not be possible to sample the full width of the river but this is not necesszs
ity-index-myethod.

equency of the transducers. As a rough.rule of thumb, the following guidelines could be useq:

epth of flow.
fed. In small
ising device

prs and echo
sophisticated

sampled and

en the water

i.e. for every
ment may be

tor to detect
el. For many
ry using the

Reflector density and efficiency

These instruments require sound reflectors to operate. In practice, most watercourses contain sufficient
reflectors to allow operation, the exception being extremely clean water. A site survey may be necessary to
ascertain whether sufficient decibels can be generated.

Suspended solids or air bubbles will act as reflectors. The density required will depend to some extent on the
instrument but, due to the variability of water conditions, most instrument manufacturers offer little guidance.

Air bubbles may act as good reflectors but it is almost impossible to estimate their concentration, size or
spatial distribution. It is likely that they will tend towards the surface, which is unlikely to be moving at the
average velocity. Too much air will restrict the range of the beam.
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Though samples can be taken to assess suspended solids content, the size and nature of the particles will
affect their efficiency as reflectors. A high concentration will give good local signals but will limit the range.

The particle distribution throughout the water will affect the velocity sampling. The distribution will be affected
by the settling rate which itself is a function of the density and size of the particles.

Best results will be obtained if there is good mixing and an adequate concentration of particles is present.

5.3.4 Homogeneity

It has already been indicated that inhomogeneous distributions of either velocity or reflector concentration will

affect the acfuracy of flow determinafion using basic confinuous wave Dopplers 1o some extent. If both

at the same[time, errors are inevitable, because the velocity sampled will not be the average velocity
ssible to obtain velocity distribution data in relatively large channels using a current meter g

water. ltis p
take sample
measuremer
not be a prof

5.3.5 Velod
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25°C, .
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sea wate¢r at 20 °C, i.e. 2,7 %.

5.3.6 Bed-
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also the most likely place to be covered with silt or other water-borne debris. The presence of the sensor
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or side mour]
to snag debr|
mounting wil
the channel

There is also
all mounting
electromagn

5 at different parts of the cross-section for measurement of suspended solids egntéent. T
ts may provide an indication of the extent of inhomogeneity at the measurement(site. This s
lem for pulsed profiling Dopplers.

ity of sound
ture and dissolved chemical content (e.g. salinity) will affect the velocity of sound in water.

y of sound is not measured or if no allowance is made for itS«variation, uncertainties of
emperature range 0 °C to 25 °C may result as follows:

2. 7 %;

tion of velocity of sound in water with salinity istfrom 1 480 m/s for fresh water to 1 520 m

mounted devices: siltation, sensor position
location of the sensor is on the bottom, since this guarantees it will be in the water. Howeve
ate the situation by catching-the debris or slowing the flow.

ould be raised by spaeing”off the bottom or displacing off-centre in a circular bottomed chg
ting (see Figure 8). However, spacing off the bottom increases the obstruction and the teng
s and alter the velggity profile. Mounting off-centre only works in suitably shaped channels,
not work for situations where the depth can be shallow and the beam is less likely to pen
vidth in wider‘ehannels than if the sensor were central.

the general problem of the reduction in cross-sectional area caused by the silt, which appli
positions. This would also affect other velocity area methods to some extent, althoug
btic method is fairly tolerant of silt build-up (see 1ISO 9213:2004).
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siderations relating to the sensor position are described in Annex B.
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NOTE Itis usually preferred to mount a bed-mounted Doppler on the bed, unless the channel is prone to silt deposition.

Figure 8 — Hypothetical cross-sections in a river channel showing possible positions of sensor
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5.3.7 Significance of water level uncertainty

The water level is required by the processor to calculate the cross-sectional area with reference to the channel
shape programmed into the instrument. The product of area and velocity equals the flow, hence uncertainty in
area is as equally important as uncertainty in velocity. The relationship between area and depth and hence the
sensitivity to depth measurement uncertainty depends on the shape.

For example, there is a linear relationship in a rectangular channel but, at low depths in a circular channel, a
small change of depth produces a larger proportional change of area.

For channels which are narrow at the bottom, depth measurement at low depths is often the dominant factor
in the uncertainty-efflowmeasurement:

5.4 Effecf of weed

As with silt, g
contains gas|
travel. This
velocity med

Il other obstructions should be avoided since they will interfere with the beam. Jnparticular,
[air or carbon dioxide (CO,)] in which sound, of the frequency used by thelinstrument, w
ill effectively block the beam and reduce the range. It can also potentially affect the accura
surements, since the weeds will reflect sound (and the instrument measures the velog

weed
Il not
cy of
ty of

whatever reflects sound).

Weed growt
distributions.

h upstream of the measuring section can create flow disturbances or variations in ve
These factors could result in unstable velocity-index ratings.

locity

6 Site s¢lection

6.1 General

sical
f the

The choice [of instrument and site selection will depend on a number of factors including the ph
characteristigs of the channel, the monitoring objectives, ease of installation and the cost-benefits ¢
resulting data. The following is provided for general-guidance purposes but these are not fixed rules.
Bed-mo ed in
smaller

a) inted continuous wave Dopplers: and echo correlation devices will generally only be us|

rtificial and natural watercourses, for example up to 5 m wide and 2 m to 4 m deep.
b) It should be possible to use most pulsed incoherent profiling (including narrow band), pulse-to-
coherent or spread spectrum-qQr'broad-band devices in channels from about 0,3 m to 10 m deep, and for
some ingtruments up to 20,m deep. In larger, deeper channels, there are obviously logistical and cost
considenations that have to be taken into account in relation to construction, installation, and opefation
and maiptenance.

pulse

Side-loo|
than 0,5
not neeq

kers cap-be fixed at one side of the watercourse and can generally be used in channels gieater
m deep. However, the depth required increases with the distance sampled (see 6.4). As they do
to-sample the full width of the channel, they can be used for a wide variety of applications.

6.2 General site requirements for Dopplers and echo correlation devices

The site selected for all types of Doppler and echo correlation devices should conform as far as possible with
the following general requirements.

a) The channel at the measuring site should be straight and of uniform cross-section and slope in order to
minimize abnormal velocity distribution. When the length of the channel is restricted, it is recommended
that the straight length upstream be at least twice that downstream.

b) Flow directions for all points on any vertical across the width should be parallel to one another and at right
angles to the measurement section.
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The bed and margins of the channels should be stable and well defined at all stages of flow in order to
facilitate accurate measurement of the cross-section. The cross-section should be constant with time.

The curves of the distribution of velocities should be regular in the vertical and horizontal planes of
measurement.

Sites displaying vortices, reverse flow or dead water are best avoided.

The flow in the measuring reach should be tranquil, i.e. highly turbulent sections, where there is visible
white water and significant waves, should be avoided.

Tl 4 'H o lal o bat +o ol o 'y FH 4l . lbat 1
TS TTICASUITITITTIU STUUUTT STTUUTU VT UTTUUuSluvicu Uy UTTS, aquauu yIUVVLII Ul U1 UUSlaliTp.
There should be minimal air entrainment in the water column.

Vhere thermal differentiation in the water column occurs, due consideration shauld’be given to the type
nd positioning of the transducers. In such circumstances, the velocity-index_rating could pe adversely
ffected as well.
The depth of water at the section should be sufficient at all stages to provide for the effectiye immersion
of the instrument.

The velocity range shall be within the measuring range of the instrument. Many systems have an effective
operating range of between 0,02 m/s and 5 m/s. Some of the more sophisticated systemg will operate
guccessfully at lower velocities, but the uncertainties jn<the velocity determination will increase more
pidly as the velocity approaches zero.

here should be a temporally consistent relationship between the velocity determined by the sensor and
e mean cross-sectional channel velocity. At more difficult or complex sites, this relationship may also be
function of stage.

There should be a suitable cross-section for gauging at, or within an acceptable distance from, the
instrument location.

Algal and weed growth should be limited.

Acoustic reflectors are required in the water, though it should be noted that, due to the minefal content of
water, visually clear water-may contain numerous reflectors.

A floy chart to assist with site selection for ultrasonic Doppler and echo correlation instrument ifstallations is

givenlin Annex A.

6.3

The fpllowing characteristics are generally required.

a)

Bed-mounted ultrasonic Doppler and echo correlation devices

A depth generally less than 2 m for continuous wave Dopplers and echo correlation devices. Pulsed
profiling Dopplers can be used in far greater depths, for example up to 20 m. For some devices, the
limitation on their use is often caused by the problems of installation and maintenance at higher depths,
rather than the limitations of the instrument.

The minimum depth will be dependent on the type of sensor. Some instruments will operate with a
minimum depth of 100 mm above the sensor. However, a minimum depth of water of 200 mm above the
sensor is normally recommended. Pulsed profiling often requires a minimum depth of 0,4 m above the
bed (depending on the size and position of the sensor). However, some systems only require a minimum
depth of 0,2 m or even less.

A uniform suspended solid distribution is required for continuous wave Dopplers but is less important for
the pulsed profiling Dopplers.
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d) A straight-approach channel length greater than five times the channel width, and a straight channel,
downstream of the instrument of twice the channel widths, provided other site selection criteria are
satisfied and, in particular, there is a smooth water surface.

If the channel is too shallow and not too wide (e.g. <5 m), it may be possible to install a small obstruction
downstream, such as sandbags, stop-logs or stones, to maintain the required depth. The obstruction should
be such that there is no adverse impact on the velocity distribution at the point of measurement, i.e. it should
not cause instabilities in the velocity-index rating.

6.4 Side-lookers

nel if
as a

Side-mountefd range-gated Dopplers have the potential to sample effectively the full width of the chan
required. The maximum width varies between instruments. A minimum depth of 0,5 m is required which

rough, first
However, th
on the type o

A single side
discharge ca
the need for

A shallow channel with an asymmetrical bed is not usually a suitable sitelfor a side-mounted look-a

instrument.

7 Measurements

7.1 Veloc

711

The Doppler

velocities ar¢ assumed to be the velocity of the flowing water. These instruments measure a portion

flowing cros
cross-sectior
sampling, th
required to c

7.1.2 Ultragonic Dopplers(H-ADCPs/side-lookers)

Either the D
watercourse

NOTE TH

Ultrasonic Dopplers (bed mounted)

le of thumb, can be considered to increase in 1 m steps for every 20 m across the se
minimum depth and the distance that can be profiled across the channel are highly’depe
f instrument, the beam width and size of the side lobes and their subsequent interference.

-mounted Doppler can only be used in a channel with a wide stage range.if the index meth

culation is carried out. When an instrument is considered for permanent installation at such
bost-processing must be allowed for.

ty

shift or phase shift is used to determine the velocity of particles in the cross-section. The p4

5-section, which for all but the.smallest channels is effectively only a fraction of the fl
. With the exception of the)range-gated instruments which know where and what the
b portion of the part of the channel which is sampled is not known. A velocity-index rat
bnvert the measured velocity to the mean velocity in the whole of the flowing cross-section.

pppler shift\or phase shift is used to determine the velocity in a number of cells acros
that can\be’set beforehand by the user.

ere’ Will be a portion close to the instrument referred to as the blanking zone, which will not be samplg

ction.
hdent

bd for
A site,

Cross

rticle
f the
wing
y are
ng is

5 the

d, but

this is usually

hegligible in terms of the flow determination.

The average velocity in the successfully sampled cells or bins can be used to determine the index velocity. At

some locatio

7.1.3 Echo

ns it may be better to only use a selected number of cells to determine the index velocity.

correlation

The acoustic correlation technique is used to track the movement of moving particles or disturbances in the
water to estimate their velocity. The velocity of the moving particles or disturbances is assumed to be the
water velocity. The water column in front/upstream of the sensor is divided into a number of cells (16 cells are
used by one type of instrument) to accurately determine the velocity profile for one vertical. The mean velocity
in the vertical (instrument velocity) is the index velocity that needs to be related to the mean velocity in the
flowing cross-section.
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The mean velocity for the cross-section is obtained by undertaking a number of discharge measurements over
a range of flows at the locality using another technique/gauging method (see Clause 10). The discharges
obtained from these gaugings are then divided by the corresponding cross-sectional area at the location of the
instrument to obtain the mean velocity.

NOTE

If the individual discharge measurements are undertaken at a different location from the instrument, the mean

velocity obtained at the gauging site will not be the same as the mean velocity at the instrument site (see Clause 10).

7.2

Water level

Water level is usually measured by means of an integral pressure-activated sensor, an upward-looking (water

rangi
devig
mant
accu

Care

When full, the pressure could significantly exceed that produced by a head of‘\water equal tg

g) ultrasonic or a downward-tooking (air ranging) uftrasonic water fevelsensor. The accu
es is dependent on the range they are designed for (0,5 % of range is a typical
facturer's specification should be consulted. The effect of surface irregularities\\may
acy further. The significance of the depth uncertainty depends on the channel shape.

should be taken in the case of a closed conduit, which sometimes runs full.and sometim

t. This could cause problems for systems using a pressure level transducer. It is capable of

heigh
the

grea
shou

7.3

When a site is established, a cross-sectional survey should,be undertaken at the measuring se

Cross
and 9
flood
the fq
what
The

Cross
direc
a sta

wher

Vy

aximum pressure and this will probably dictate that a low sensitivitytransducer (i.e. with a
r than the conduit height) must be used, thus limiting the accuracy. The manufacturer's
d be consulted. A special transducer or an alternative method of/measuring depth may be rg

Determination of cross-sectional area

acy of these
figure). The
degrade the

s partly full.
the conduit
withstanding
range much
specification
quired.

Ction, i.e. the

-section at which the instrument is located. This can.be done using any acceptable surveyi
hould be extended upwards to at least the maximum target level, for example the estim

the height (zero) of the water level sensor.on the sensor is, relative to stage zero and/or na
Cross-sectional survey data are then-used to develop a relationship between water lev
-sectional area. It should be noted that some systems allow the user to enter the cross-s|
ly into the instrument. There are software tools available that can be used to convert the sur
je-area relationship. The relationship can take the form of a table or an equation of the form

A= [y (h)
[

is the cro§s-sectional area, in square metres (m?2);

is a_function of 7;

hg technique
ed 100-year

level. The level data should be to a fixed datum, either to national datum or water level (sfage) zero. If
rmer, it is essential to know the level of stage'zero relative to national datum. It is also impoftant to know

ional datum.
el/stage and
ectional data
vey data into

(1)

is the stage, in metres (m).

8 |1
8.1

8.1.1

nstallation, operation and maintenance
Installation considerations

General

Establish the best location for the instrument in the cross-section and the need for more than one instrument
(see Clause 9).
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The installation requirements are in part dependent on the instrument type. Prior to the installation
requirements being determined, the instrument type should be selected (see Clause 12).

Each installation is site specific. When the instrument type has been selected, the installation can be designed
taking account of the channel bed and bank material. The design of the installation will also depend on the
level of siltation in the channel, accessibility and bank side requirements.

In watercourses with very low suspended solids and few other reflectors, the instruments cease to function.
During installation, the installation process disturbs the channel sediment, so the instrument may function
while the hydrometric staff is on site. During installation in clear streams, it is desirable to allow time for the
sediment to settle or return to the site after a few hours to ensure that the Doppler meter is working.

8.1.2 Bed-mounted instruments

8.1.2.1 Installation

This type of|system is practical and easy to install in smaller, shallower channels. There may be difficulty
installing bed-mounted instruments in particularly deep or large channels. For such sites, it may be prefdrable
to install an H-ADCP/side-looker.

A bed-moun{ed Doppler or echo correlation device should be fixed to the bed directly or indirectly (on a pplock
or mounting device). Some manufacturers supply suitable mounting devices:(Several manufacturers supgest
fixing instruments to brackets mounted on the bank and extending inteythe channel, to avoid entering the
water during| installation. Most wall brackets collect debris and affect:the ability of the sensors to megsure
velocity accyrately. In a wide channel, the bracket should be large.enough to reach out into the chgnnel.
However, this type of bracket should only be used in extreme circumstances where entry into the chanpel is
not possible.

8.1.2.2 Siltation

A mobile befl, or a section, prone to siltation, may, bury the instruments. This does not seem to harm the
sensors, but|it prevents sensible data from being tecorded. The instruments may be installed slightly gbove
the bed, perihaps mounted on a concrete block, o avoid the silt. Side mounting of bed-mounted Dopplé¢rs to
avoid the silf is not recommended. In such, circumstances the installation of an instrument designed fof side
mounting, i.gd. an H-ADCP/side-looker, should be considered. Typical streams considered as applications for
Doppler and|echo correlation instrumentation are sometimes considerably wider than they are deep. In|such
situations, look-up instruments mounted on the side of the channel would encounter interference fromn the
water surfac¢ and the channel bed‘before sufficient sampling of the cross-section to estimate average velocity.

If required, itfmay be possible.to’ stabilize the channel bed in the Doppler cross-section to inhibit siltation. The
method used will depend on_the severity of the situation. In severe cases, sections of the mobile bed coyld be
replaced with concrete ot’block work, etc. Simply installing some sort of barrier sunk into the bed may algo be
sufficient. In [some cases the bracket designed to hold the instrument may also serve to stabilize the Hed. It
should be nqted that, if a site is prone to siltation, it will remain an issue whatever measures are taker]. It is
better to avold the situation. In some cases, the cost of bed stabilization will be prohibitive.

In sections prone {o siltation, the ability of the instruments to determine flow may be affected (see 5.3.6).
8.1.2.3 Location in channel

It is important that the velocities determined by the instrument have a stable relationship with the average
velocities in the channel.

8.1.2.4 Surface-mounted devices

Some manufacturers and organizations have installed devices that are traditionally mounted on the bed just
below the surface on flotation devices to overcome siltation problems. This can be a viable alternative to bed
mounting but the manufacturer's advice should be sought. An alternative independent water level sensor may
be required.
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8.1.3 H-ADCPs/side-lookers

8.1.3.1

Installation

A side-mounted Doppler should be securely fitted to a specially made bracket mounted on the side of the
channel. The design of the bracket will depend on the instrument and the channel. Some manufacturers may
be able to give advice as to installation, or supply a mounting bracket, but standard brackets may not be
suitable for specific sites and this should be considered before making a purchase. The instrument should be
mounted as close to the channel bank as possible to avoid missing too much of the flow and to minimize the
area of the obstruction available to trap debris.

Befofe an installation IS made permanent, a check should be made for side-lobe interference. I1
signgl strength can be used to check for boundary interference within the sample volume. \f
interference is present, the signal strength of each beam should peak at the transducer.and th
decrgase with distance from the transducer. Boundary interference will cause the signal strengt
markedly or “spike”. The size of the sample volume would need to be selected socthat the s
outsi
than
at10

8.1.3|2

Siltatjon problems do not severely affect the installation of sidesmounted instruments. The
instryments to estimate flow may be affected as the cross=section changes and could als
velogity-index rating.

le the sample volume. Manufacturers recommend that the end of the sample«qolume be pla
10 % of the total distance from the instrument to the boundary (for example\if'a boundary
m, the end of the sample volume should be no further than 9 m).

Siltation

e instrument
no boundary
en gradually
h to increase
bike remains
ced no closer
s discovered

hbility of the
o affect the

8.2 | General maintenance considerations

Essential maintenance checks should form part ofievery routine quality assurance visit. Some r¢gcommended

points to consider are given below. In addition;yreference should be made to manufacturer's quidance and

opergting instructions.

a) Check the sensor for secure fixing," alignment and for build-up of coatings or silt. Endure that the
instrument is correctly aligned, horizontally and vertically. If available, the manufacturens diagnostic
goftware should be used to cheek that the instrument is not tilting either forwards, backwards|or sideways.

b) A check on the beam clearance should be undertaken at every visit to ensure that the instrument has not

oved or that an object-has not moved into one or more of the beams.

c) [Ensure that the€hannel is clear of debris, silt deposits and weed.

d) Perform battery checks and replace as necessary.

e) If appropriate, check seals on the instrument according to the manufacturer's instructions.

f)

g) If present, check cables and ducting (for condition and secure fixing).

h) If present, check the instrument housing or kiosk for signs of interference, secure fixing, lock operation,

i)

)

etc.

Check for evidence of either scour or deposition at the site; this will affect the validity of the
cross-sectional area versus depth relationship used for discharge computations. The measuring section

should also be periodically surveyed to amend or reaffirm the validity of this relationship.

Note the current hydraulic conditions at the site and check for adverse changes since installation.
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k) Check the instantaneous or most recent stage and velocity readings and discharge determinations if

computed in-situ.

I)  Undertake comparisons with another gauging method.

9 Calibration, evaluation and verification

9.1 General

Flow determijnation
in-situ calibration as opposed to verification. Most mstruments allow the use of a correctlon factor,(ug
fixed, or alggrithms, which can change with velocity and/or depth. Use of an algorithm may require-addi
processing beyond the instrument's own software. Even if it is possible to determine the discharge with
instrument, the basic velocity data should be downloaded and stored for post-processing. A temp
comparison [or check) method of flow measurement is required. In reality, except on vefyy-small cha
where bed-njounted Dopplers can sample the whole of the flowing cross-section, velogity-index rating
required (seg Clause 10).

There are a pumber of methods that may be employed for in-situ calibration/velogity-~index rating purpose
a) Gaugind using point rotating element and electromagnetic current meters{, ADVMs and ADCPs.
b) Dilution gauging.

c) On small watercourses, the temporary installation of a weir.6r;flume may be a possibility (provide
velocity fistribution is not affected).

d) Volumefric methods.
e) Creatind or using limited circumstances whereby the flow also passes through another measuring

up or downstream. Typically, this type of situation may be achievable at waste-water treatment
applicatipns.

For these mgthods, see ISO/TR 8363. Some practical considerations for application are given in Annex B.

9.2 Calibration and performance checking

9.2.1 Gengdral

All types of ultrasonic Doeppler and echo correlation devices, even those that have been calibrated i
laboratory, require calibration, or verification. Laboratory calibration only ensures that the instrume
recording thé correct average velocity for the sample area, it does not verify that the sampled velog
correctly cornjverted to actual velocity or flow. This is a site-specific process and cannot be tested i

sually
tional
n the
orary
hnels
5 are

@

d the

point
vorks

h the
nt is
ity is
n the

laboratory.

With most instruments, on-site calibration with conventional current meter gauging is a reasonably
process. Current meter gaugings are also required to determine the optimum location for the device i
cross-section and any relevant settings to be configured.

easy
n the

Calibration gaugings should be undertaken when the instrument is installed and subsequently over a range of
flows. Velocity profiling undertaken prior to installation can also be used to assist calibration, but greater

weight should be given to data obtained at the same time as the instrument data.
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9.2.2 Indexing method

It is important to undertake reconnaissance velocity profile surveys of the channel in a range of flows prior to
installation. The data collected should be used to determine the best height or position for the instrument and,
in the case of H-ADCPs/side-lookers, the best settings for the sample cell size and blanking distance.

Once the instrument has been installed, the gauging regime should be continued over a range of flows. This
information, and data from gaugings carried out prior to installation, should be used to derive a relationship
between the velocity recorded by the instrument and the actual velocity or flow. This relationship may be a
simple linear relationship or, depending on the hydraulics and other characteristics of the site, could be a more
complex relationship, consisting of more than one equation, some other mathematical function (such as a

OWEE Il Aar A ralatinmalhin Alan~ Al AN~ adta A Ao A NararaAtAr (o~ COlaticn~ 10)
p gravw O TreratonsrparsO M Crotmg—stagCasaparamttCSCComausC—o):

The feconnaissance gaugings should also be used to determine the practicality of applying [the indexing
methpd to the site.

9.2.3| Performance checking

When an installation has been successfully calibrated, the calibration should.be checked periodically, as for
any gther gauging station.

10 Determination of discharge

10.1| General

The Poppler and echo correlation techniques described in this International Standard are yelocity area
methpds. Discharge is therefore determined using the continuity equation:

D=V A 2)

wher

Y%

is the discharge, in cubic metres per second (m3e-1);

N
NI

N

is the mean velocity-in‘the instrument measuring section, in metres per second (me=1);
4 s the cross-séctional area at the instrument measuring section, in square metres (m2).

For many installations, the velocity determined by the instrument will not be the same as the mepn velocity in
the measuring section, since in most channels, the instrument will not sample the whole of the flowing
crosg-section=>The mean velocity is determined using the instrument velocity. This detgrmination is
undeftaken(by using a relationship between the mean velocity and the instrument velocity, usually referred to
as the index velocity. Velocity-index relationships can take the following general forms:

V= £, ()

V=f(Vh) (4)
where

V; s the instrument/index velocity, in metres per second (me=1);

f, s afunction;

h is the stage, in metres (m).
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The cross-sectional area is determined using the stage-area relationship (see 7.3).

The following steps are required in the velocity-index rating development process.

time, usually when flows are low.

Develop a stage-area relationship at the instrument measuring section. This can be undertaken at any

Undertake a series of gaugings over as wide a flow and stage range as possible. The number of

gaugings required will be dependent on the physical characteristics of the site, similar to the development
of conventional stage-discharge relationships (see 1ISO 1100-2).

During each gauging, the instrument stage and velocity or velocities should be recorded at a suitable

a)

b)

c)
frequend

d) For eac
area at
stage-ar
gauging

e) The ave
estimate
derive th

10.2 Veloc

y, €.g. 1 min intervals.

h gauging, the discharge should be computed and divided by the corresponding crossssec
the instrument cross-section to obtain the mean velocity. This can be obtained fron
pa relationship. It should be noted that the cross-sectional area at the instrumentsite, and n
site, should be used for this calculation, if they are at different locations (see 7.3).

rage instrument stage and velocity should be computed for the period) of the gauging

d mean velocity, instrument velocity and, where appropriate, the stage can then be us
e velocity-index rating.

ty-index ratings

10.2.1 Gengdral

fional
h the
Dt the

The
ed to

The rating should be the best fit to the field data and should be‘in sensible consideration with the hydraulics

and the othe
relationships

r physical characteristics of the site. It should be expressible as one or several mathem
suitable for use on the data processing and:management systems to be used. It should al

valid over the required range of stages and flows.

Care should
stage-area r
cross-sectior

It is importa
information S
with measur|
acknowledge
formula that

10.2.2 Dete
For determin

meter or mo
the gauging

blationship, since this can be undertaken at low stages and it should be possible to surve
to an elevation above the maximum predicted water level.

nt to have a thorough knowledge of the site and a reconnaissance survey is essential.
hould be used to continually’develop and refine the rating as the hydraulics of the site, tog
ement data, can assjstywith the choice of the rating type or form. Finally, it is importa
that rating development is highly site dependent and hence there is no single methodolg
vill work at all sites-

mination of mean velocity from calibration data

atical
50 be

always be taken when extrapolating relationships. There should be no need to extrapolate the

y the

This
ether
nt to

gy or

ing thesmean velocity, the flow is gauged using another technique, such as conventional
ing<sbeat ADCP gauging. The mean velocity at the instrument site may be directly availabl
data. If not, it can be derived by dividing the gauged flow by the cross-sectional area

clirrent

éIt the

from

instrument si

Vv

e.

is the mean velocity at the instrument site, in metres per second (me=1);

Qg is the gauged discharge, in cubic metres per second (m3e—1);

A

28

is the cross-sectional area at the instrument, in square metres (m2).

®)
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It is not necessary to undertake the gauging exactly at the instrument location. Providing there are no inflows
or outflows, a convenient site upstream or downstream can be used. It is, however, important to measure the
channel cross-sectional area at the instrument site. The mean velocity shall always be calculated by dividing
the gauged flow by the cross-sectional area at the instrument site. This is shown in Figure 9, which is a sketch
of a hypothetical H-ADCP/side-looker installation.

R R IIRIIRS
- RRRIIIRIRIIIEERHKS
R e

Key

ADVM acoustic Doppler velocity meter/H-ADCP 4 gauge

01=pP2=03 (Qisthe gauged flow) 3 bridge measurement section
1 standard cross-section 5 H-ADCP

2 wading measurement section

NOTH Area is always computed at location 1.
Figure 9 — Sketch illustrating where the area for computation of mean

velocity should be determined (source: US Geological Survey)

10.2.8 Distribution of velocity in,open channels

Unddrstanding of the distribution of velocity in open channels can assist with the development of
velogity-index ratings.

10.2.4 Forms of velocity-index ratings

10.2.4.1 Simple linear relationships

It can be shown that, if the classical form of the velocity distribution applies and there is good hydraulic mixing

(strong turbulence), the velocity-index rating could take a straight-line relationship of the form: |

V=aV+b (6)
where
v is the mean velocity in the measuring section, in metres per second (me~1);

Vi is the index (measured) velocity, in metres per second (me~1);

|
aand b are constants.

This type of relationship can be determined by linear regression.
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10.2.4.2 Using stage as a parameter

At some sites, the distribution of velocity may not be stable, due to variable backwater effects such as
seasonal weed growth. This could indicate that the fit is poor and the relationship is not a good one. In order
to resolve this and improve the ability to determine mean velocity from index velocity, stage can be introduced

as a paramet

er.

If stage is introduced as a parameter, the rating can take the following forms:

V=aVi+bh+c
or
V= Vi(al+ bh)+c
where
v is the mean velocity in the measuring section, in metres per second'(me1);
Vi is the index (measured) velocity, in metres per second (me~1);
h is the stage, in metres (m);
a,bandlc  are constants.
10.2.4.3 Other forms of velocity-index ratings
There may bg reasons why the velocity-index rating does-not form a straight line. Other forms of velocity-

rating can be

Polynon

Logarith

Power I3

Exponential: V =ae

Even though

applied in the determination of mean veloCity; some examples are as follows:

ial: V=aVi2+bVi+c
Mmic: I7=aInVi+b
w: I7=aVib

bV,

the aboye, relationships can often give very good fits to the data points, care should be

lating beyond the lower or upper limits of available calibration data. If extrapolation is requi

7)

(8)

ndex

9)

(10)

(11)

(12)

aken
ed, it
ite.

If the classical form of the velocity distribution is valid, then it can be shown that the mean velocity occurs at

approximatel

30

y 0,6 of the depth, as shown in Figure 10.
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Figure 10 — Sketch illustrating classical form of the velocity distribution and position of mean velocity

If the| classical form of the velocity distribution applies, the following equation is sometimes used|to determine
the mjean velocity from a velocity at a fixed (evel.

1

c D c
:(mJV{—D—yJ %)

D s the total-depth;

N

wher

w

Y is theldepth from the surface (see Figure 10);

d is'‘a constant, often assumed to be 6.

The above equation i1s sometimes referred to as the 1/6th power Taw.

This type of relationship is sometimes used to derive a velocity-index rating, particularly as an interim solution
until such time as sufficient gauging (calibration) data are available.

10.2.4.5 Compound relationships
Significant changes in the velocity distribution at some threshold stage may be associated with a sudden

change in channel geometry. Under such circumstances, it may be appropriate to have separate ratings for
different stage ranges.
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Two-stage relationships could take the following format:

V=myi+cy, h < hpreshold

Vi=myVi+cy,  h= hineshold

or, possibly, if a two-parameter (bi-linear multiple regression) relationship is appropriate, then:

;= Vi(m1 +I’I12h)+C1,

h< hthreshold

; = V1 (I’
where hthresh

The decision
simply becal

11 Uncert

11.1 Gene

Hydrometric
information is

13 +mgh)+cy, = hipreshold

bid is the stage at the change point.
to use a compound relationship should be based on ground reality; this form{should not be

se it produces a good fit to the data.

ainties in discharge determinations

al

uncertainty estimations shall be undertaken in accordance with ISO/TS 25377. Addi
given in ISO/IEC Guide 98-3.

11.2 Definition of uncertainty

All measurer
(biases) in th
a lack of sen
estimate of t
statement of

The discrep3
which canng
uncertainty i
characterizeq
(see ISO/IEC
standard dey
uncertainty, i

e equipment used for calibration and measurement, or to random scatter caused by, for exa
sitivity of the equipment used for the.measurement. The result of a measurement thus is or
he true value of the measured quantity and therefore is complete only when accompanied
its uncertainty.

ncy between the true and measured values is the measurement error. The measurement
t be known, causes(an‘ uncertainty about the correctness of the measurement result
5 expressed quantitatively as a “parameter, associated with the result of a measurement

the dispersion—of the values that could reasonably be attributed to the measu
Guide 98-3),~ISO/IEC Guide 98-3 further states that the parameter may be, for examy
iation or the-half-length of an interval having a stated level of confidence, and that all sourg
ncluding those arising from systematic effects, contribute to the dispersion.

The measur$

elementary

meht¥error is a combination of component errors that arise during the performance of v3
perations during the measurement process. For measurements of composite quantities

used

fional

nents of a physical quantity are subject to:uncertainties. These may be due to systematic érrors

mple,
ly an
by a

error,
The
that
rand”
le, a
es of

rious
that

depend on several component quantities, the total efror of the measurement IS a combination of the err

ors in

all component quantities. The determination of measurement uncertainty involves identification and
characterization of all components of error, quantification of the corresponding uncertainties, and combination
of the component uncertainties. The uncertainties are combined using the statistical rules for combining
standard deviations, giving proper consideration to correlations among all of the various sources of
measurement error, in order to account for both systematic and random errors. The resulting uncertainty
values are termed standard uncertainties; they correspond to one standard deviation of the probability
distribution of measurement errors.

ISO/IEC Guide 98-3 states that uncertainties of any measurement shall be determined to one standard
deviation. The uncertainty at one standard deviation is referred to as the standard uncertainty.
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One standard deviation equates to a confidence level of about 68 %. The uncertainty at two standard
deviations is twice the standard uncertainty. Therefore, if the standard uncertainty is estimated, it can then be
multiplied by two to obtain the uncertainty at two standard deviations or the 95 % confidence level. This
multiplying factor is referred to as the coverage factor. If the uncertainty is expressed at three standard
deviations (approximately 99 % confidence level), the coverage factor would be three.

When stating uncertainties, the confidence level or the coverage factor, i.e. the number of standard deviations,
should be stated. For example, if the uncertainty was calculated to be 8 % for an estimated discharge of
55,1 m3&~" at the 95 % confidence level, the statement of uncertainty should be stated as follows.

Discharge = 55,1 m3&~1 with an uncertainty of 8 % at the 95 % confidence level based on a coverage factor

o

of k 3

Z.

An imtroduction to uncertainty is contained in Annex C. This includes a description -6f\ Tyy
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tainties and probability distributions that are relevant to hydrometric uncertainty analysis.

General expectations of performance

w of the factors (see Clause 6) which can have an adverse effect on the-performance, it i
a realistic expectation of the sort of accuracy that might be achieved-by this method. Ide
straight uniform sections with even distribution of velocity and particles and with adequ
encountered, particularly when using simpler, bed-mounted systems that only sample a s
ross-section. The uncertainty of the resultant flow figure is consequently often no better thar
lence level) and could be significantly worse. However, in_many cases the Doppler or ech

flow mmeasurement technique may be the only possible methodyand a 10 % uncertainty or more
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sensitivity and potential accuracy of a Dopplerior echo correlation system varies accg
ment and set-up. Instrument manufacturers will include values for sensitivity and acc

stimated velocity of the reflectors in the sampled section water column, not that of the flow
pllowing points should be noted.

\ correctly sited instrument can determine flow to within 5 % to 10 % but a poorly sited in
ive inaccurate results.

\ bed-mounted instrument with a narrow beam width will make a more accurate measur
elocities it samples.( For an H-ADCP/side-looker, a narrow beam will sample furthe
ross-section, which could improve the accuracy.

Vater level is/anvimportant factor in the calculation of flow, thus the accuracy of the water le

also important.

It Ns”intended that, in accordance with the spirit of ISO/TS 25377, manufacturers should
hents of their instrument's uncertainties and how these are influenced by environmental factors, e.g. te
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11.4

Methodology of estimating the uncertainty in discharge determination

11.4.1 Sources of uncertainty

11.4.1.1

a)
b)

c)

©I1SO

The uncertainties in the discharge determination can be divided into

uncertainties in the estimation of the mean velocity,
uncertainties in the determination of cross-sectional area, and

uncertainties in the water level/stage measurement.
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Uncertainties in the mean velocity can be caused by the following.

by the manufacturer or supplier in accordance with the guidelines laid down in ISO/TS 25377.

Uncertainties in the instrument's determination of velocity, i.e. measured velocity. This shall be provided

Uncertainties in the instrument's determination of velocity due to the effect of turbulence, i.e. what is the

uncertainty of a finite duration measurement since the real velocity in the water is changing with both
space and time? Turbulence could be a significant contributor to overall uncertainty.

it is used to derive the area for calculation of mean velocity.

Uncertainties in the water level measurement, if stage is a parameter in the velocity-index rating or where

nties in surveying the cross-section and thus the derivation of cross-sectional area, sing
sed to determine the mean velocity from the gauged data.

nties in the gauging data used to derive the velocity-index rating.

nties in the velocity-index rating.

Uncertainties in the cross-sectional area can be caused by the following:

nties in the cross-sectional survey data;

nties in the methodology used to derive area from stage;

nties in the water level measurement.

ncertainties in the water level/stage measurement ¢an be caused by the following:

hties in the instrument's measurement;

flow level/lowest point in cross-sectiom;

nties due to temporal and spatial variations in the stage at the measurement location, com
effective temporal and spatialyaveraging of the water level/stage measurement device.

mination of the uncertainty in the velocity-index rating

nty in the velgeity’in the velocity-index rating can be determined in the same way as
stage-dischargé relationship (see ISO 1100-2:1998):

b (V g <I5)?
N2

e the

nties in the stage zero, i.e. the level tolwhich the water level sensor has been zeroed, e.g. the

bined

for a

(18)

b)
c)
d) Unce_rta
area is U
e) Uncerta
f)  Uncerta
11.4.1.3
a) uncertai
b) uncertai
C) uncertai
11.4.1.4
a) uncertai
b) uncertai
cease tQ
C) uncertai
with the
11.4.2 Dete
The uncerta
conventional
3
-
where
Se
Vg
;r
N
34

is the standard error of estimate;
is the gauged mean velocity;
is the mean velocity from rating;

is the number of gaugings used to derive the relationship.
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T, (Vindex =V index )

S =ttar2 Se\/W Z(Vindex 7 o) (19)
where

S is the standard error of the mean relationship;

t is the Student's ¢ statistic;

is—the—econfid veb—approximeately—68-%—Fo airty—seme software
packages that undertake linear regression analysis quote confidence limits)jo the 95 %

confidence level, so this should be accounted for when undertaking the uncertainty finalysis);

index 1S the index velocity value;

index is the mean of index velocity values used to derive the rating.

The dincertainty for any estimate of mean velocity when using a simple velocity-index rating can pe estimated
usind Equation (19).

11.4.B Uncertainty in the stage

The dincertainty in the stage measurement can be derived using the following equation:

2 2
“(h) = 100M (20)

wher

W

4 *(h) is the overall percentage uncertainty in stage determination;
Yy(E) is the uncertainty in stage zero; assume triangular distribution;

4(h) is the uncertainty ;in stage measurement (this will be instrument specific; assumé rectangular
distribution).

The friangular and rectangular uncertainty distributions are referred to in Annex C.
11.4.4 Overall uncertainty

The gveralliuncertainty can be obtained by combining the component uncertainties in quadrature,|thus:

UQ=\/u5r+u5i+uir+mu*(h)2 (21)
where

Uo is the overall uncertainty in the discharge determination;

Uy is the uncertainty in velocity-index rating;

Uy is the uncertainty in index/instrument/measured velocity;

Uyp is the uncertainty in cross-sectional area/stage-area relationship;
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u (h)

A = aht
where

A

is the overall uncertainty in stage;

is a constant dependent on the form of the stage-area relationship. For example, i
relationship is represented by a power law, of the form:

is the cross-sectional area, in square metres (m?2).

f the

(22)

aandb
then

If the cross-s
interpolation

In the absen
make a profd
used to deriv

are constants;
m = b2,

ectional area is derived from a look-up table which has sufficient data points to allow acq
between consecutive stages, then m = 1.

ce of a technique to establish the uncertainties in the stage-area relationship, the analyst s
ssional judgement based on experience, knowledge of the site and the' quality of the survey
e the relationship.

Some guidance on possible instrument uncertainties is contained i’ Annex C of ISO/TS 25377:
guide for hydrometric equipment for use in technical ;standards. This is reproduced in this

Performance
International
the hydrome

Standard as Annex D. However, whenever possible, the*uncertainties used should be bas

urate

hould
data

P007,

pd on

ric manufacturer's performance specifications and thedydrometrist's own operating experience.

11.4.5 Uncertainty — Example of uncertainty estimation

11.4.51 In

An H-ADCP

troduction

side-looker has been installed onga small stream in a cross-section that is approximately

wide and at the bank-full level is about 2,0 m deep. The channel is stable, trapezoidal in section and hag

vertical sides
squares lined
to the bank-f

V=126

The uncertai

with a level, regular bed. A lingar velocity-index rating has been developed using standard
r regression fitting tools. The)gauging data used to develop the rating cover the full flow ran
il level. The velocity-index rating developed for the site is as follows:

7V, 0,006

nty in a specific flow determination shall be estimated using the following data:

d stage‘using H-ADCP/side-looker upward-looking ultrasonic water level sensor = 1,107 m;

of-instrument water level sensor relative to stage zero = — 0,362 m;

B.5m
near
east-
Je up

(23)

a) measure
b) position
c)

measured velocity, i.e. instrument velocity/index velocity = 0,440 me~"1.

A stage-area relationship has been derived for the site in tabular form using software designed for such a
purpose. This has been based on a detailed cross-sectional survey where bed and bank levels have been
taken at least every 0,5 m across the channel, and at every significant change in level. The stage-area table
has been established in increments of stage of 0,001 m (1 mm).

According to

the table, the cross-sectional area corresponding to a stage of 1,107 m = 3,034 m2.

From Equation (23), the estimated mean velocity ¥ =1,267 - 0,440 — 0,006 = 0,55 mes .

Estimated discharge (0) = V- 4= 0,55- 3,034 =1,669 m> es .

36
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11.4.5.2 Uncertainty in the measured velocity u;
According to the manufacturer's equipment specifications, the H-ADCP should be capable of measuring to an
uncertainty of 0,5 %. This equates to an uncertainty of about 0,002 me=1. This is similar to the figure quoted

in Table D.1 for the velocity range under consideration at the 68 % confidence limit. Therefore, both the
uncertainty specified by the manufacturer and the guidance table are in general agreement in this example.

Therefore, u,; = (0,002 | 0,55)- 100 % = 0,36 %

11.4.5.3 Uncertainty in velocity-index rating v,

The yelocity-index rating has been established by least-squares regression analysis using @, fommercially
available analysis package. As well as determining the best-fit relationship, this package allows the user to
determine relevant statistics including the standard error of estimate, the 95 % confidenee limits and the
standard error of the mean relationship for the fitted relationship. From this information{using a rglationship in
the fporm of Equation (19), it has been possible to estimate the uncertainty for\a’measurefl velocity of
0,55 e~ to be 9,2 % at the 95 % confidence level or 2 standard deviations, i.e. With'a coveragelfactor of 2.

Thergfore, the standard uncertainty, u;, =9,2 2 =4,6 %

11.4.5.4 Uncertainty in the stage measurement u,,

It is ¢stimated that the stage zero can be established to within®0,002 m. Assuming a triangulgr distribution
(see Annex C), the uncertainty in the stage zero can be estimated as follows:

1 (0,002 —(-0,002)

(E)= %( .

The dincertainty in stage measurement according,to the manufacturer's specification is 0,25 %. The measuring
rang¢ is the stage minus the instrument positior, i.e. 1,107 — 0,362 = 0,745 m.

j=0,0016m

Uncefrtainty in stage based on the manufacturer's specification is therefore:
0,25 po of 0,745 m = 0,001 9 m

According to Table D.1, the-uncertainty at the 95 % confidence level for an in-water ultrasonic lejel sensor at
the 95 % confidence level (2 standard deviations) is 0,003 m. Therefore, the standard uncertainty (standard
devigtion) is 0,5 - 0,003.m™= 0,001 5 m.

A stapdard uncertainty in the stage measurement of 0,002 m has been assumed. Substituting for|u(E) and wu(%)
in Equation (20); the overall estimated standard uncertainty in the stage is as follows:

\/0,00162 +0,0022
1107

. u(E)? +u(h)?

(1) =100 - =100 =0,23%

11.4.5.5 Uncertainty in the cross-sectional area v,

The cross-section is stable and has been well surveyed. A stage-area table has been derived using software
designed for this purpose. Therefore, a standard uncertainty of 2 % in the determined cross-sectional area
can be assumed for a stage of 1,107 m at this site.

As the stage-area relationship is based on a table and not a power-law relationship or some other
mathematical relationship containing stage to a power, m = 1.

© 1SO 2010 — All rights reserved 37


https://standardsiso.com/api/?name=2ac87ad6d9b383a96479b677ea42b05d

ISO 15769:

2010(E)

11.4.5.6 Uncertainty budget

The individual, estimated uncertainties can be summarized as in Table 1.

11.4.5.7 Oy

The overall
Equation (21

Table 1 — Uncertainty budget (for example)

Standard uncertainty
Parameter Symbol
%
Measured velocity Uy 0,36
\/nlnr‘ify-inrlny rnfing i A'Rﬂ
Area Uy 2,00
Stage u’(h) 0,23

verall uncertainty Up

standard uncertainty can be obtained by inserting the individual\standard uncertainti
, thus:

UQ=J
Therefore, at

The convent
confidence le

12 Points

The aim sho
users will b
manufacture
specification
potential use
with equipmg

A questionng
helping to fq
measuremer

2

2 +u +u2 +mu ()2 =4,6%+0,362 +22+0,232 =503 %

the 95 % confidence level, Up= 5,03 2=10,06 %, approximately 10 %.

onal statement of discharge is therefore 1,669+03€~1, with an uncertainty of 10 % at the
vel based on a coverage factor of £ = 2.

to consider when selecting-equipment

Ild be to establish what a potential user really requires. This will have dual benefits. The pot
e encouraged to critically~assess and define their requirements and objectives. Eq
's and suppliers will be ;presented with a more informed proposal and well-thoug
rather than having te~make assumptions due to gaps in knowledge and information fro
. The combined result will significantly increase the potential of obtaining a satisfactory outg
nt that is, as far as-possible, appropriate to the needs.

ire will offer.an easily understandable, step-by-step, structured approach, with relevant ques
cus on the'key issues, which will govern the overall suitability and performance of thg
t technigue. A sample questionnaire is reproduced in Annex E.

BS in

95 %
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Annex A
(informative)

Selection considerations for ultrasonic
Doppler and echo correlation devices
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Is channel
greater than minimum width and No .| Unsuitable for Doppler or echo
greater than minimum depth for correlation installation
side looker?
Yes
No i
Are there sufficient reflectors? > Unsuitable fpr Dpppler or echo
correlation installation
Yes
N N
° Can a stable section ° Seek another site

Is cross=section stable?

De proviaear or solution

Yes
Is flow turbulent? > Seek another L
e or solution
No
I4 channel less Seékjanother site
than 0,2 m deep? or solution
No Ye
Is mpch air entrained Yes . Seek another site

in the water column? e or solution

Seek another site
or solution

channel prone
weed growth?

No

Ye

Is it ljkely that thermal Yes Could be unsuitable for ultrasonic
or echo correlation installatiop

differentiafjon occurs in the water
column? seek another site or solution|.

\

No
Yes
Is channel prone Seek another site
tol algal growth? or solution
No Ye
Are water velocities between No Seek another site

Y

0,04 m/s and 5 m{s? or solution

Doep sectiofn have a

uniform|appreach five times
that of-channel width?

Yes

Is site suitable for

Could required length of >
look-across instrument?

channel be straightened?

No

Yes Yes
Y

Y
Seek another site
or solution

Site is suitable for Doppler or echo
correlation installation. Select
instrument and design installation.
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Annex B
(informative)

Practical considerations

General

Phys
meas
instry
ident

B.2

Instry
judgsd
the [
allow
retrie

B.3

Insta
flow

sites
robus

Sens
accu
sedin

Cons

for safe and easy aceess, protection from all anticipated water levels, human or animal interfer

elem
sens

B.4

cal and hydraulic characteristics of the proposed monitoring site and the needs and
urement will vary in each case. There are a number of further considerations with' r
ments, choice of system and their installation and operation, which will assist the pote
fying and, as far as possible, meeting all objectives.

Capital cost

ment specifications vary considerably and accordingly so do their.€osts. It is important to
ment of the value of the data before making purchases and, as(far as possible, match the
articular requirement. Consideration should also be given.{o) the full cost of ownershi
ance should be made for further costs of installation, opération, maintenance, verifica

Installation

lation requirements and procedure will depend greatly on characteristics of the equipment
regime and the period over which monitering is envisaged. A longer-term monitoring pro|
vulnerable to human or animal interference, or likely to be affected by high flows, will den
t installation.

prs should be installed in a<stable reach since a stable depth versus area relationship i
ately calculate the area component of the discharge equation. A stable bed will also minimi:
nent on top of the sensor, or even its damage or displacement by higher flows laden with det

ideration should also-be given to the position and nature of instrument housing, bearing in

bnts. This may2be in a secure building or kiosk, underground with manhole access (see B.9
r itself, as Some instruments do not comprise a separate logger and sensor.

Calibration and verification

val, processing and validation of data before committing initial expenditure on the instrument.

bbjectives of
bgard to the
ntial user in

make a prior
nstrument to
. Therefore,
on, and the

the site, the
gramme and
hand a more

5 required to
e build-up of
ris.

ind the need
ence and the
or within the

Consideration should be given to the calibration requirements of the chosen systems. Calibration will include
both instrument-measured parameters (typically stage and velocity), and the more general site-specific
parameters of interest (typically area, mean velocity and flow). Thus, there are instrument calibration issues,
and site calibration issues (and some interaction between the two). Key questions will be whether the sensors
are factory calibrated or require on-site calibration, what performance or uncertainty levels apply and over
what period the calibration can be expected to hold for. It is recommended that, if possible, instruments be
obtained with certification and, if this is not possible, that they be tested before installation.

For all systems, including those that claim factory-calibration, it is essential that verification measurements be
routinely made with visits to the installed monitoring site. The frequency of verification measurements may
normally be reduced with time after installation, unless a reason emerges not to do so. In selecting monitoring
sites, some consideration should be given to the feasibility of undertaking subsequent verification
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measurements. Independent check level measurements should be taken relative to a datum and it is
recommended that check velocity measurements be performed regularly to establish an estimate of mean
channel velocity or possibly improve the performance by on-site calibration.

Subclause 9.1 offers a number of potential options for making check flow measurements at the site; it is
important that an independent technology be used for these measurements. Where possible, some attempt
should be made to assess the uncertainty of the check gauging and, if concerns exist over performance of the
system, consider the suitability of the monitoring site or the instrument. In all cases a log of records should be
maintained and referred back to with each subsequent verification visit to identify possible trends or
deterioration in performance.

B.5 PoweL requirements

Power consumption will vary between different systems but be heavily dependent upon the~sampling and
logging frequencies employed (see B.6). Availability of an on-site display may be a requirement for certain
applications put benefits will need to be balanced against the greater power requirements. ‘Guidance should
be sought from manufacturers on power needs for the particular system and mode of ‘oOperation. Battgry or
mains-power options may need to be considered, specifically in accordance with the.manufacturer's opefating
instructions. When using rechargeable batteries, these should be put through a.full charge cycle to pvoid
“topping up” Bnd deterioration in capacity.

B.6 Instryment logging mode — Response times, sampling and logging frequendies
B.6.1 Introduction

A wide varigty of logging modes exist and reference mustibe made to manufacturers or suppliers [for a
detailed spdcification of a particular instrument. However, the following should be considered before
contacting manufacturers or suppliers:

a) sampling frequency;

b) averagirlg mode and logging frequency;

C) responsg times;

d) trigger lgvels;

e) integrated instrumentation.

B.6.2 Sampling frequency

This refers tp the frequency at which the sensor takes and records relevant data readings, i.e. depth and
velocity.

Very few, if any, flow loggers record data continuously. This is because the power requirement would be
considerable and limit the use of battery-powered units to very short logging periods. Instead, most
instruments “power up” the sensor for short periods. However, the sample time should be sufficient to reduce
the uncertainties caused by turbulence.

Continuous data recording is normally only suitable for mains-powered devices and should only be necessary
when data may need to be used in a “real-time” situation.
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B.6.3 Averaging mode and logging frequency

The recorded data are usually stored in temporary memory and averaged over a pre-set period, prior to an

average depth and velocity value being committed to memory.

On most instruments, the pre-set period over which data can be averaged can be varied to suit the operator's

requirements. Typical examples may be the following.

a) Waste-water flows: averaged over 2 min, to give sufficient resolution to enable storm responses to be
observed. Alternatively, if only dry weather flows are required, an averaging of 15 min may suffice.

b) \Watercoursefltowacoarser recording witt ofterrsuffice whereflow s Tetativety comstantardmot subject to
gudden variations. Hourly recording may be adequate although 15 min is typical.

c) Industrial process flows: a “real-time” information system may be necessary whenlit is Yital that any

ariations in flow are known immediately. In such cases, recording may be cofntinuous and the flow is

¢omputed and updated, for example, once every 10 s.

B.6.4 Response times

For most applications, depth and velocity data will be recorded, averagedyand stored in a solid s
The sites will be remote, require battery power and only be visited oceasionally. Weekly, fortnigh
visits|can be typical to retrieve data, check battery power and instsument condition and to perfor
checks. In such cases, response times are not an important consideration.

ate memory.

T%/ or monthly

verification

Howgver, for some applications, the instrument may need to be used as part of a real-time control system. In

cases, the response time will be important. Typically,it will be necessary for the instrumen
bn change in the flow. Urban sewage real-time.control systems and certain industrial p
[e instruments capable of continuously computing flows from the measured depth and veloci

such
sudd
requi

B.6.%5 Trigger levels

Somg instruments have the ability to sample, average and log data at different time intervals def
the flpw conditions. An example of this would be a depth and velocity monitor that is required to n
dry weather and storm flows where:battery power and memory space may be critical. Reducing
and memory logging interval during dry weather to, for example, hourly intervals, will considerab
powgr consumption and memory space used but still enable adequate data to be collected. Durin
loggdr can be pre-set to record and commit to memory at a more frequent rate, thereby enabl
storm data to be collected:;

Expefience has shewn that such facilities can be advantageous in being able to reduce the freq
visits| However; a considerable amount of knowledge is necessary because it is very easy to s
trigger level_and not record some of the storm flow, or conversely, set the trigger prematurel
trigggrs should generally only be used if the operator already has a detailed knowledge of the floy

to warn of a
rocesses will

fy.

ending upon
heasure both
he recording
y reduce the
g storms, the
ng adequate

uency of site
et too high a
y. Therefore,
range.

b PSR - & Py
B.G.U nneyratcu imouurmneriiauuoll

Sometimes it may be necessary for flow (velocity and depth) monitors to be able to talk to other equipment,
such as effluent auto-samplers. A typical example may be where sewage samples are required during a storm
to measure the “first foul flush” effect. In such cases, a depth trigger, based on the instrument's recorded

depth level, could be used to activate an auto-sampler.
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B.7 Memory capacity

Signals generated may pass immediately to another system, which would limit the memory capacity
requirements of the instrument. However, in many cases, an integrated or connected data logger will form part
of the system and its memory capacity shall be sufficient to satisfy the required logging rates and the down-
load frequency. It may also be relevant to establish whether systems operate with either roll-over or finite

memory or w

hether this is user-selectable.

B.8 Portability

The portabili
short-term in

B.9 Access and safety considerations

In confined 3
designed, co
the general
manufacture

latest Natiopal or equivalent European or International Standards. Users are recommended to

certification

Access and
the sensor

requirementq.

B.10 Har

Consideratio
withstand ex

equipment should also be established, including their ability to withstand flooding.

B.11 On-site display

Consideratio
Where these

from a key pad, since th&re'may be significant implications for power consumption.

sh environments

y of systems may be a consideration in the case of applications, which involve repeated
stallations and movement from site to site, particularly where access is less than ideal.

paces, and thus potentially explosive atmospheres, it shall be ascertained that instrument
nstructed and used in accordance with appropriate standards to ensure)the safety of oper
bublic and the sewer or channel system. This responsibility largely rests with the design
- or supplier and it has become usual for equipment to be designed-and constructed to me

vhen purchases are made.

safety should be considered from the point of view of both the installer and the operator,
hnd the data logger/battery pack may be separatéZand be associated with different s

h should be given to the capabilities-of instruments, both sensors and logging equipme
remes of temperature or direct sunlight. The level of waterproofing of both sensors and lo

N should be givenio whether there is a need to have an integral display facility within the Io
are used, checks should be made to establish whether the display is constantly live or acti

very

S are
htors,
er or
bt the
seek

since
afety
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hging

gger.
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Annex C
(informative)

Introduction to measurement uncertainty

General

Results of measurements or analysis cannot be exact. The discrepancy between the true va
unknpwable, and the measured value is the measurement error. The concept of uncertainty

expre

flownpeter will exhibit a spread of measurements about a mean value. If attention is not-given to
nature of data, incorrect decisions can be made which have financial or judicial Consequence
statement of uncertainty enhances the quality of information, making it more useful.

The Wincertainty of a measurement represents a dispersion of values that.¢ould be attributed to
methpds provide objective values based on the application of theory.

Stanglard uncertainty equates to a dispersion of measurements expressed as a standard deviati
definftion, uncertainty can be readily calculated for a set of measutements.

ssing this lack of knowledge. For example, if water is controlled to flow at a_constant
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Figure C.1 — Pictorial representation of some uncertainty parameters (continued)
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Figure C.1 — Pictorial representation of some uncertainty parameters

Figure C.1 a) shows the probability that a measurement of flow under steady conditions takes a particular
value due to the uncertainties of various components of the measurement process, in the form of a probability
density function.

Figure C.1 b) shows sampled flow measurements, in the form of a histogram.
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Figure C.1 c) shows standard deviation of the sampled measurements compared with a limiting value. The
mean value is shown to exceed the limiting value but is within the band of uncertainty (expressed as the
standard deviation about the mean value).

C.2 Confidence limits and coverage factors

For a normal probability distribution, analysis shows that 68 % of a large set of measurements lies within one
standard deviation of the mean value. Thus, standard uncertainty is said to have a 68 % level of confidence.

However, for some measurement results, it is customary to express the uncertainty at a level of confidence
whicli will cover a Targer portion of the measurements: for example at a 95 % Tevel OL confidence
(see Figure C.4). This is done by applying a factor, the coverage factor k, to the computed valu¢ of standard
unceftainty.

normal probability distribution, 95,45 % (effectively 95 %) of the measurements.are coverdd for a value

2. Thus, uncertainty at the 95 % level of confidence is twice the standard uncertainty value.

For 4
of k 4

hey may be
sometimes

In prpctice, measurement variances rarely closely follow the normal probability distribution. T
bette[ represented by triangular, rectangular or bimodal probability, distributions and only
appraoximate to the normal distribution.

express the
5 95 % of the
e procedure

Thergfore, a probability distribution must be selected to model;the observed variances. To
unceftainty of such models at the 95 % confidence limit requires _a‘coverage factor that represent
obsefvations. However, the same coverage factor, k = 2, is used for all models. This simplifies t
whilelensuring consistency of application within tolerable limits:

C.3 [Random and systematic error

The erms “random” and “systematic” have been applied in hydrometric standards to distinguish Hetween

a) rapdom errors that represent an inhefent dispersion of values under steady conditions, and

stematic errors that are assdciated with inherent limitations of the means of determining the measured

ity.

b) sy|
quan

A difficulty with the coneept of systematic error is that systematic error cannot be deternfined without

pre-K
such
point

For

howledge of true values. If its existence is known or suspected, then steps must be taker
error, either by.recalibration of equipment or by reversing its effect in the calculation proced
systematic efrorcontributes to uncertainty in the same way as random components of unce

his reason,/ ISO/IEC Guide 98-3 does not distinguish between the treatment of random an

to minimize
ure, at which
tainty.

d systematic

unce e is no need
to se
a long

uncertamty.

tainties.-Generally, when determining a single discharge, random errors dominate and the

Jarate random and systematlc errors. However, where for example, totahzed vqume is established over

C.4 Measurement standards

ISO/IEC Guide 98-3 and ISO/TS 25377 provide rules for the application of the principles of measurement
uncertainty: in particular on the identification of components of error, the quantification of their corresponding
uncertainties and how these are combined using methods derived from statistical theory into an overall result
for the measurement process.
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The components of uncertainty are characterized by estimates of standard deviations. There are two methods

of estimation

a)

deviation is derived).

This process may be automated in real-time for depth or for velocity measurement.

b)

This is a

Type B estimation (by ascribing a probability distribution to the measurement process).

pplicable to

Type A estimation (by statistical analysis of repeated measurements from which an equivalent standard

1) hunlan judgement of a manual measurement (distance or weight),

2)

3) cali

C.5 Evalu

Defined in C
deviation. Th

u(x)zt

where x ist

_ 1
x—;(x

and ¢, is a fg
of measuren

If, instead of

u(%)

A

For continuo
measuremer

manual readings taken from instrumentation (manufacturer's statement), or

pration data (from manufacturer).

fation of Type A uncertainty

1, the term “standard uncertainty” means a dispersion of measurements expressed as a sta
us, any single measurement of a set of » measurements has-by,definition an uncertainty:

J

ne best estimate of the true mean:

1

=14

ctor derived from statistical theory to account for the increased uncertainty when small nun
ents are available; refer to fable C.1.

a single measurementfrom the set, the uncertainty is to apply to the mean of all » values, th

!

LIs measurement, Type A evaluations may be derived as a continuous variable from the pr
t, i, from water level or water velocity.

n

2

i=1

1

n-1

e

/n

xl'—x

)2

ndard

(C.1)

(C.2)

hbers

eNn:

(C.3)

mary

By taking average values over large numbers, n, of measurements, the uncertainty of the mean value u()_c) is

reduced by a factor ofi compared to the uncertainty u(x)of an individual measurement. For this reason,

n
monitoring equipment should specify measurement performance in terms including both u(x) and u(x) to

show the extent to which averaging is applied.
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