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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
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Introduction

Flow measurement using Doppler-based flowmeters fall into the category of velocity-area methods and, as with all
variants of this approach, flow estimation is a two-stage process. Measurements are made to derive estimates of:

a) mean channel velocity, using the principle of Doppler shift

b) depth, from which cross-sectional area is computed with a knowledge of the relationship between|depth and
aref (i.e. the profile of the cross-section).

Most difficulties governing this method relate to the estimation of mean channel velocity and-the degrge to which
computed velocities can be assumed to be representative of the true mean velocity through the measurement
section.| The accuracy with which the calculated velocities represent the mean velpcity is influenced |py various
factors which are considered in clause 4. This guide focuses on the process /of ‘Velocity estimatign and the
conditiohs and practices which may help to deliver optimum results. However({ it'should be recogniz¢d that the
accuracly of overall flow determination also depends on the accuracy of depth measurement. The influence of
meter Igcation and sensitivity of cross-sectional area to depth variation will have a bearing on performange.

© 1SO 2000 — Al rights reserved \
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Hydrometric determinations — Liquid flow in open channels and
partly filled pipes — Guidelines for the application of Doppler-

base

d flow measurements
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This method of velocity measurement is based on a phenomenon first identified by Christian Doppler in 1843. The
principle of “Doppler shift” describes the difference or shift which occurs in the frequency of emitted sound waves
as they are reflected back from a moving body.

The sensors of Doppler systems normally contain a transmitting and a receiving device (see Figure 1). A sound
wave of high frequency (fs) is transmitted into the flow of water and intercepted and reflected back at a different
frequency by tiny particles or air bubbles (reflectors). A typical reflector “n” produces a frequency shift fp ,. The
“shift” between transmitted and reflected frequencies is proportional to the movement of particles relative to the

position

of the sound source (i.e. the sensor).
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6, s the pngle between direction of motion of particle n and the sensor

|

is the|angle between centre of beam and assumed flow direction (this is¢referred to as the “beam angle” or “projection
angle’

6, s the peam width or spread

Key

1 Surface

2  Flow

3 Sensor

4  “Envelgpe” of ultrasonic beam
5 Bed

Figure 1 — Principle of Doppler-ultrasonic flow measurement

Doppler shift only occurs ifthere is relative movement between the transmitted sound source and the reflected
sound soufce. The velocity efmoving reflector “n” can be calculated from the following:

a) the magnitude of.the Doppler shift;

b) the angle b&tween the transmitted beam and the direction of movement;

C) the v nmhjl of saund in the water

It can be shown that:

fon-C
v, = D,n
2fg -cos @,

where
Vi is the relative velocity between transmitted sound source and reflector n;

fo,n is the Doppler frequency shift produced by reflector n;

2 © 1SO 2000 — Al rights reserved
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fs is the frequency of sound with no movement;

c is the velocity of sound in water;

6 is the angle between the reflectors’ line of motion (the assumed flow path) and the direction of the
acoustic beam.

A Doppler flowmeter measures the resultant frequency shift produced by a large number of reflectors of which
reflector n is typical and from which the mean velocity can be computed. Consequently, the velocity of moving
particles, and not the veIOC|ty of water, |s measured. By measunng the velocity of many partlcles the mean water
velocity jA : e speed as
the water, sampllng errors may occur. These errors depend on the spat|al and velocny dlstnbutlon of the particles
as well @s the extent of penetration of the ultrasonic beam. Instruments are neither point-velocity meters [nor whole-
channellmeters. The area sampled by the ultrasonic beam can be visualized, by analogy, to shining a torch in front
of the densor. The purpose of using such an approach is to obtain a representative sample ‘of the|full cross-
sectiondl velocity.

The crogs-sectional area is also required for the velocity-area calculation of discharge; Most systems ingorporate a
pressurg transducer in their sensors and by combining water depth with knowledge. of the cross-sectignal profile,
the flow|can be calculated.

5 Fagtors affecting operation and accuracy

5.1 Gegneral

The factors affecting the performance of Doppler flowmeters may be broadly divided into:
— characteristics of the instrument,

— chdracteristics of either the channel or the liquid flowing in it.

Howevelr, these factors interact and shall be.censidered together.
5.2 Characteristics of the instrument

5.2.1 General considerations

The chgracteristics of the inStrument and in particular the sensor have a bearing on its performance in any given
situatior]. There is no_optimal set of characteristics. Certain characteristics may make a particular |instrument
perform|better under/Certain conditions but worse under others. A list of characteristics and their influepce on the
performance of the instrument are given in 5.2.2 to 5.2.6.

5.2.2 Ultrasonic beam angle

The ultrasgnic_“heam” is IIQII:\”\JI transmitted _in the :\pprnyim:\tn Qh:\pn of a cone. The term “beam ang|e”, or

“projection angle” in this context, refers to the angle between the cone axis and the flow direction. The effects of
beam “angle” should be considered together with those due to beam “width” (5.2.3).

The sensor has to be installed so as to remain beneath the surface of the liquid under all conditions and is
positioned so that the beam cone reaches the lateral extremities of the channel as far as possible. The installation
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 also sometimes used.

Assuming the sensor is installed on the bed of the channel, a high angle between the flow direction and ultrasonic
beam (e.g. between 30° and 50°) enable signals to be obtained throughout the depth up to the limit of the
penetration of the beam. However, no signals are obtained close to the bed on either side of the sensor. Serious
sampling errors can occur particularly when the ratio between the depth of water and width of the channel is low.

© I1SO 2000 — All rights reserved 3


https://standardsiso.com/api/?name=cb59fa1d141c63752e5fdd5d93e80563

ISO/TS 15769:2000(E)

Conversely, a shallow beam angle allows flow to be measured close to the bed and is best for shallow depths.
However, if the channel is too wide or not sufficiently long, a beam at a shallow angle may not reach the lateral
extremities of the channel. In a long channel where, theoretically, the beam angle should be able to reach the
extremities of the channel, the penetration (range) of the beam may not be sufficient to do so.

Beam width also has a bearing on the velocity sampling. See 5.2.3.
Figure 2 indicates the significance of the beam angle in relation to sampling.

It may be possible to adjust the beam angle, to improve suitability to the given site conditions, provided that an
appropriate correction is made during the velocity calculation.

5.2.3 Beam “width”

frequency jand diameter of the transmitter. The designer of the instrument may be constraineéd*by other factors in

Beam WidF is a loose term indicating the spread of the beam as shown in Figure 1. It is a.function gf sound
his scope fo vary the beam width.

A wide beam, i.e. one with a cone having a large spread, gives the best coverage because signals are ¢pbtained
over a greater area of the channel. However, there is uncertainty in the velocity measurement since the wige beam
means that the actual angle made by a particular reflector (6, in Figure 1) may.be different from the megan beam
angle assymed by the instrument (& in Figure 1). Furthermore, a bias can passibly occur and is dependent on the
distribution] of the velocity and on the reflector concentration.

A narrow geam width would have less angular uncertainty but a poorer ‘€overage (sampling).

If the distripution of reflectors and velocity are both fairly uniform, sampling is unimportant and a narrow begm width
would give|the best results because the measurement uncertainty’relating to beam angle is minimized.

If the velogity distribution is non-uniform, a wide beam width gives a better sample of velocity than a narjow one.
Furthermofe, if the reflector distribution is uniform, the_error relating to the beam angle may be acceptable and a
wide bean width would 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.

5.2.4 Ultfasonic frequency

A lower fregquency generally penetrates further (greater range) but requires a larger transducer for a givgn beam
width. Thefefore, a lower freqaency transducer is preferable for a channel of larger width or greater degth if the
larger sengor size does not Calise serious obstruction.

In practice| frequencies‘between 500 kHz and 1 MHz are generally used.

5.2.5 Method of:determining velocity of sound

The velocifyCef sound in water varies with density, which is a function of temperature and dissolved matefial (e.g.
salinity). Simce velocity of soundappears i the ftow formuta, errors camnm be made if o adjustment s made. Some
instruments have no dynamic adjustment though it is possible to put in a fixed calibration factor. This is acceptable
provided the conditions of measurement do not change. Other instruments have a temperature sensor and provide
a dynamic correction for temperature effects. This is acceptable for conditions where the content of dissolved
material in water remains constant but the temperature changes.

When the temperature and dissolved particle content both vary, the only satisfactory solution is for the instrument
to actually measure the velocity of sound.

Alternatively, if the temperature and salinity are measured or estimated separately, a retrospective correction can
be made to the recorded data.

The effect of not making full or partial allowance for these variations is described in 5.3.5.

4 © 1SO 2000 — Al rights reserved
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Figure 2 — Beam angle effects
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5.2.6 Signal processing

The calculation of flow velocity is based on the assumption that a frequency shift results from a single moving
reflector. However, in reality, many reflectors are involved, moving at different speeds in different parts of the beam.
The processor has to employ averaging methods for measuring frequency shifts.

Processing methods vary. Simple, analogue methods are likely to give a higher weighting to stronger signals from
nearby reflectors. This method may give erroneous results if the velocity profile is not uniform and an additional
non-uniform effect may need to be considered with respect to beam angle and width.

using Fourier transform techniques. Though this is an improvement, such instruments

velocity vafriation with respect to the distance from the sensor. However, it is not possible to determine the angle
from which the signals have come within the beam width. Although this information.is useful for profiling-type
instruments where velocity profiles are determined in deep water in which the beam is generally aimed across the
flow (usually downwards), it is of little value in flowmeters where the beam angleZis generally aimed lengthwise in
the channgl. This is the consequence of information being received from differént distances along the channel and
not across|it. Nonetheless, such methods prevent the processor from becoming saturated from an overload of 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 begms or a
single narow beam whose direction is capable of automatic variation. In such cases, velocities from small defined
volumes within the channel can be measured. Such facilities~are not normally available in instruments|that fall
within the $cope of this Technical Specification.

It is imporfant to remember that although instruments-employing techniques like time gating or Fourier tfansform
analysis afle likely to perform better in terms of shortrange bias, their range is still limited by beam penetration. As
the channel size increases, these techniques are‘grone to another type of range-related sampling error.

5.2.7 Depth measurement

In instruments of this type, depth is commonly measured by means of an integral pressure-activated sensor. The
accuracy of these devices is dependent on the range for which they are designed (x 0,5 % of range is & typical
figure). Thp manufacturer’s specification should be consulted. The effect of surface irregularities may degfade the
accuracy fyurther. The significance of the depth uncertainty depends on the channel shape, see section 5.3.7.

Care shou|d be taken in-the’ case of a closed conduit which sometimes runs full and at other times only partly full.
When full,| the pressure:can significantly exceed that produced by a head of water equal to the height of the
conduit. This can cause problems for a pressure depth-transducer. The depth transducer should be capable of
Withstandi(jvg the_maximum pressure. If it is not capable, then alternatively a low-sensitivity transducer (i.¢. with a

range mudh gfeater than the conduit height) should be used, thus limiting the accuracy. Again the manufacturer’s
specificatign-should be consulted. A special transducer or an alternative method of measuring depth [may be

required.

5.3 Channel and water characteristics

5.3.1 Channel geometry

As the channel becomes wider, the limited range of the instrument causes the sampled velocity to be obtained from
a limited part of the whole channel. The consequences of this limited sampling range depend on the homogeneity
of flow velocity and particle distribution. Moreover, the density of particles also affect this range as does the depth
of water. As a general guide, care should be taken if the width is greater than 2 m.

6 © 1SO 2000 — Al rights reserved
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For a small channel, particularly when the depth is also low, the size of the sensor can cause serious obstruction
resulting in channel back-up and possibly silt-up (discussed below). The size of the sensor can cause turbulence
thus disrupting the velocity distribution in close proximity.

It is preferable to place the sensor in a long, straight reach of uniform cross-section so as to maintain a regular flow
pattern over the length of flow from which the instrument samples particle velocities. The straight reach should
usually be a longer distance than that required by other methods (e.g. ultrasonic time-of-flight or electromagnetic),
particularly if the beam is at a small acute angle to the flow, as is often the case. As a general rule, the sampling
length should be at least five times the width. It may be possible to employ flow straighteners though they tend to

block in

dirty water conditions.
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5.3.3 Reflector density and efficiency

These instruments require sound reflectors to operate. In general most water courses, with the exception of
extremely clean water, contain sufficient reflectors to allow operation.

Suspended solids or air bubbles act as reflectors. The content of particles (i.e. density of water) required depends

to some

extent on the instrument. However, little guidance is offered by most manufacturers.

Air bubbles act as good reflectors but it is almost impossible to estimate their concentration, size or spatial
distribution. Air bubbles tend to be located towards the surface, although it is unlikely they would be moving at the

average

velocity. Too much air can 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 can affect
their efficiency as reflectors. A high concentration of suspended solids gives good local signals but limits the range.

The particle distribution throughout the water affects the velocity sampling (see 5.2.6 and 5.3.1). This distribution is
affected by the settling rate, itself a function of the density and size of the patrticles.

Best results are obtained when there is good mixing and an adequate concentration of particles is present, for
example a few hundred milligrams per litre.

5.3.4 Homogeneity

It has alreqdy been pointed out that inhomogeneous distributions of either velocity or reflector concentratiin affect
the accuragy of flow determination to some extent. If both occur at the same time, errors are inevitable.hecause the
velocity sgmpled is not the average velocity of the water. It is possible to obtain velocity distfibution| data in
relatively large channels using a current meter and to take samples at different locations of the ctoss-sectipn so as
to measurp the content of suspended solids. Such measurements may provide an indication of the gxtent of
inhomogeneity at the measurement site.

5.3.5 Velocity of sound

The tempegrature and dissolved chemical content (e.g. salinity) affect the velocity of sound in water. If the actual
velocity of |sound is not measured or if no allowance is made for its variation (see 5.2.5), uncertainty of up fo £5 %
over a temjperature range 0 °C to 25 °C may result as follows:

— the vgriation of velocity of sound in water with respect to temperature from 1 400 m/s at 0 °C to 1 500 m/s at
25 °Clis 7 %;

— the variation of velocity of sound in water with respect to salinity from 1 480 m/s for fresh water to 1 52(¢ m/s for
seawdter at 20 °C is 2,7 %.

The total vpriation in this example is almost 10 %, or = 5\%if the instrument is set up for mid-range conditiops.

5.3.6 Sil{ation and sensor position

The obvioys location of the sensor is on the boftom since this location guarantees it remains in the water. However,
it is also tHe most likely place to be covered-with silt or other water-borne debris. Furthermore, the presenge of the
sensor car) create flow disturbances by-catching debris or slowing the flow.

To reduce|the problem of siltation, effects, it may be possible to raise the sensor by spacing it off the bgttom, to
displace it|off-centre in a circular-bottomed channel, or to side-mount it (see Figure 3). However, spacing |t off the
bottom incfeases the obstruction and tendency to snag debris and alter the velocity profile. Mounting it off-centre
only workq in suitably-shaped channels. Side-mounting cannot work for situations where the depth is shallow or in
wider charlnels where the-beam is less likely to penetrate the channel width than if the sensor was central.

Nevertheldss, silt build-up always affects flowrate measurements, regardless of the position the sensor, bgcause it
the chanrlel cross-sectional area is continually being reduced. This problem also affects other [flowrate
measuremient methods based on velocity and area to some extent although the electromagnetic method| is fairly
tolerant of silt-build-up

Practical considerations relating to sensor position are described in A.3 of annex A.

Figure 3 indicates positioning options for sensors in silty conditions.
5.3.7 The significance of depth uncertainty

The depth of water is required by the processor so as to calculate the channel cross-sectional area which is to be
programmed into the software of the instrument. The flowrate, equal to the product of area and velocity, can then
be calculated. Hence uncertainty in the measurement of area is equally important as that in velocity. The
relationship between area and depth, hence the sensitivity to depth-measurement uncertainty, depends on the
shape.

8 © 1SO 2000 — Al rights reserved
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For example, there is a linear relationship in a rectangular channel, but at low depths in a circular channel a small
change in depth produces a larger proportional change of area.

For channels which become narrow at the bottom, depth measurement at low depths is often the dominant factor in
the uncertainty of flow measurement.

5.3.8 The effect of weed

As well as silt, all other obstructions should be avoided since they interfere with the beam. In particular, weed
contains gas (air or CO5) in which sound, of the frequency used by the instrument, does not travel. This can
effectivgly tockthe beamand-at feast Teduce the Tange-

a) No silt

/ 3
_—
1
2 PITTITTTTT]
b) Silt
Key
1 Sengor
2 Silt
3 Unsampled area (cross-hatched area)
NOTE A bed-mounted sensor is generally preferred unless the channel is prone to silt deposition.

Figure 3 — Position of sensor
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6 General expectations of performance

In view of the factors described in clause 5 which can have an adverse effect on the performance of the flowmeter,
it is important to have a realistic expectation of the sort of accuracy that may possibly be achieved by this method.
Ideal conditions, i.e. long, straight uniform sections with even distribution of velocity and particles and with
adequate depth, are rarely encountered. The uncertainty of the flowrate value is consequently often no better than
10 % and can be much worse. Claims or assumptions of much better accuracy are unfounded. However, in many
cases the Doppler flow measurement technique may be the only possible method and a 10 % uncertainty or more
may be quite acceptable.

7 Cong

The purpo
can have
requireme

proposal #and more comprehensive specification, rather than having to make assumptions due to

knowledge
obtaining 3

A questior
helping to
measurem

A sample questionnaire is given in annex B.

8 Eval

Flowmeter
verification

change with velocity or depth. Use of an algorithm.may require additional processing beyond the instrume
A\ temporary comparison (or check).meéthod of flow measurement is required. A good estimate of the

software.

experimen
degree of
repeated ¢
There are
— currer
— dilutio

— tempg

— volum

iderations when selecting equipment
dual benefits. The potential user should be encouraged to critically assess and)define th
its and objectives. Equally, manufacturers and suppliers should be presented<wijth a more i

and information from the potential user. The combined result significantly increases the pot
satisfactory outcome, with equipment that is, as far as possible, appropriate to needs.

naire can offer an easily understandable, step by step, structured. approach, with relevant q

focus on the key issues which govern the overall suitability and performance of the Dopp
ent technique.

Jation and verification

5 of this type require verification. Performarice can be improved by in situ calibration as opy
. Most instruments allow the use of a cortgction factor, usually fixed, but possibly an algorithm w|

fal uncertainties enable the flow measurement from the Doppler instrument to be assessed with
hecks.

h number of methods that.Can be employed, for example:

t metering using point velocity meters;

N gauging;

rary installation of a weir (provided the velocity distribution is not affected);

Etric methods;

e in making such considerations is to establish what a potential user or customer really“requires. This

eir own
nformed
gaps in
ential of

Lestions
er flow-

osed to
hich can
nt's own

B known

confidence. If the nature of the.experimental uncertainty is random, the confidence can be impifoved by

— creating or using limited circumstances whereby the flow also passes through another measuring point up or
downstream.

These methods are listed and reviewed in ISO/TR 8363 and practical considerations are discussed in A.4 of

annex A.
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Annex A
(informative)

Other practical considerations

aneral

Al G

Physical and hydraulic characteristics of the proposed monitoring site and the needs and\.ob
measurément vary in each case. There are a number of further considerations with regard to Doppler ir
choice ¢

possiblg, in meeting all objectives.

A.2 Capital cost

Instrument specifications vary considerably and accordingly so do their ¢osts. It is important to ma
judgement of the value of the data before making purchases and as far as‘possible match the instrun
particular requirement. Consideration should also be given to the fulk«cost of ownership. Therefore,

should e made for further costs of installation, operation, maintenaqeg, verification, and the retrieval,
and valiflation of data before committing initial expenditure on the instrument.

A.3 Ingtallation

Installatjon requirements and procedure depend greatly on characteristics of the equipment, the sits
regime fand the period over which monitoring isyenvisaged. A longer term monitoring programme

vulnerabple to human or animal interference, or-likely to be affected by high flows, demand a m
installation.

Doppler| sensors should be fixed firmly” in position, normally to the bed of the channel, usually faci
upstreaifn (with debris-prone sites_and' ragging problems, facing the sensor downstream may be

see 5.3.[l) and aligned both vertically and horizontally with the flow. See 5.3.6 for further guidance
position|ng.

Sensorqg should be installednin’a stable reach since a stable depth versus area relationship is required to
calculat¢ the area component of the discharge equation. A stable bed can also minimize build-up of s
top of thie sensor, or éven its damage or displacement by higher flows laden with debris.

Consid
for safe

ration should also be given to the position and nature of the instrument housing, bearing in min
and feasy access, protection from all anticipated water levels, human or animal interfereng
ntri

ectives of
struments,

f system and their installation and operation which can assist the potential user in identifying and, as far as

ke a prior
hent to the
allowance
processing

e, the flow
and sites
ore robust

ng directly
A solution;
on sensor

accurately
bdiment on

d the need
e and the
nsic safety

A.4 Calibration and verification

Consideration should be given to the calibration requirements of the chosen systems. Key questions a
the sensors are factory calibrated or require on-site calibration, what performance or uncertainty levels

bOr.

re whether
apply and

over what period the calibration can be expected to hold for. It is recommended that, if possible, instruments are

obtained with certification and if this is not possible, are tested before installation.

For all systems, including those that claim factory-calibration, it is essential that verification measurements are
routinely made with visits to the installed monitoring site. The frequency of verification measurements may normally

© 1SO 2000 — All rights reserved
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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 measurements. Independent
check level measurements should be taken relative to a datum and it is recommended that check velocity
measurements are performed regularly to establish an estimate of mean channel velocity or possibly improve the
performance by on-site calibration.

Clause 8 offers a number of potential options for making check flow measurements at the site. It is important that
an independent technology is 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 Doppler 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 paossible trends or deterigration in

performancge.

A.5 Power requirements

Power consumption can vary between different systems but can be heavily dependent on the Sampling and logging
frequenciep employed (see A.6). Availability of an on-site display may be a requirementfor certain applications but
benefits may need to be balanced against the greater power requirements. Guidance should be sought from
manufactufers on power needs for the particular system and mode of operation- Battery or mains power options
may need|to be considered, specifically in accordance with manufacturer's .Operating instructions. When using
rechargeable batteries these should be put through a full charge cycle to avojd “topping up” and deteriofation in
capacity.

A.6 Instfument logging mode: Response times, sampling and logging frequencies

A.6.1 General considerations
A wide valliety of logging modes exist and reference should be made to manufacturers or suppliers for a|detailed
specificatign of a particular instrument. Howevet,) the following should be considered before cqntacting
manufactufers or suppliers:

— sampljng frequency;

— averagling mode and logging frequency;
— response times;

— triggel levels;

— integrated instrumentation.

A.6.2 Sampling-frequency

th and valael y
o Y.

n
et veTotT

This refersto-freguency—atwhichthe-sensortakesandrecordsrelevantdatareadingste—de
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. Typical operating modes may be:

— powering the sensor for a 15 s period once every 2 min;

— powering the sensor for a sufficient period to record a reading every 10 s.

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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A.6.3 Averaging mode and logging frequency

The recorded data is usually stored in temporary memory and averaged out 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 operators
requirements. Typical examples may be one of the following.

observed. Alternatively, if only dry weather flows are required, an averaging of 15 min may suffice.

Wastewater flows: averaged over 2 min, to give sufficient resolution to enable storm responses to be

Wal
sud

Ind
in f
upd

A.6.4 H

For mosg
are rem
typical t
cases, I

Howeve
cases th
flow. Ur|
continug

A.6.5

Some in
flow co

weather
memory

and meinory space used but still @nables adequate data to be collected. During storms the logger can bg

record g

Experie
Howeve
and nof]
generall

A.6.6 |

fercourse flow: a coarser recording is often sufficient where flow is relatively constant and-nhot
den variations. Hourly recording may be adequate although 15 min is typical.

Istrial process flows: a “real time” information system may be necessary when it is yitalthat any

ow are known immediately. In such cases recording may be continuous and the \flow is conj
ated say, once every 10 s.

Response times

t applications depth and velocity data are recorded, averaged and stered in a solid state memory
ote, require battery power and only be visited occasionally. Weekly, fortnightly or monthly vig
D retrieve data, check battery power and instrument conditiop—and to perform verification chec
bsponse times are not an important consideration.

r, for some applications the instrument may need to be*used as part of a real time control syste

ban sewerage real-time control systems and certain industrial processes require instruments
usly computing flows from the measured depth-and velocity.

‘rigger levels
struments have the ability to samplej average and log data at different time intervals dependin

and storm flows where battety power and memory space may be critical. Reducing the rec
logging interval during dry-weather to, say hourly intervals, considerably reduces the power cg

nd commit to memorygat,a more frequent rate, thereby enabling adequate storm data to be colleg
hce has shown thatysuch facilities can be advantageous in being able to reduce the frequency of
r, a considerableamount of knowledge is necessary because it is very easy to set a trigger lev

record somg. of the storm flow, or conversely, set the trigger prematurely. Therefore trigg
y only becUsed if the operator already has a detailed knowledge of the flow range.

ntegrated instrumentation

subject to

variations
puted and

. The sites
its can be
s. In such

m. In such

e response time is important. Typically it is necessarydor the instrument to warn of a sudden change in the

capable of

j upon the

ditions. An example of this would-be a depth and velocity monitor that is required to measure both dry

brding and
nsumption
e pre-set to
ted.

site visits.
el too high
ers should

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 instruments recorded depth level, can be
used to activate an auto-sampler.

A.7 Memory capacity

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

A.8 Portability

Portability of systems may be a consideration in the case of applications which involve repeated very short term

installation

s and movement from site to site, particularly where access is less than ideal.

A.9 Acc

In confine
designed,
general pu
or supplie
national o
purchases

Access an
sensor and

A.10 Hi

ess and safety considerations

| spaces, and thus potentially explosive atmospheres, it should be ascertained that instrum
constructed and used in accordance with appropriate standards to ensure the safety_of opera
pblic and the sewer or channel system. This responsibility largely rests with the designer or mant
and it has become common practice for equipment to be designed and constructed to me
equivalent European or International Standards. Users are recommended to seek certificatig
are made.

d safety should be considered from the point of view of both the installer and the operator s
the data logger/battery pack may be separate and be associated with different safety requireme

Arsh environments

Consideration should be given to the capabilities of instruments, both sensors and logging equipment, to W

extreme ¢
equipment

A1l O

bnditions of temperature or direct sunlight. The level” of water proofing of both sensors and
should also be established.

n-site display

Consideration should be given to whether there is a need to have an integral display facility within thg

Where the
a keypad 3

Al2 M
Essential 1
recommen
operating i

—  ChecK

e are used, checks should be made to establish whether the display is constantly live or activa
ince there may be significantdmplications for power consumption.

Aintenance requirements

haintenance checks should form part of every routine quality assurance visit and this section giv
ded points_te/consider. In addition reference should be made to the manufacturer's guida
hstructions:

thersensor for secure fixing, alignment and for build-up of coatings or silt.

pnts are
ors, the
facturer
et latest
n when

nce the
nts.

ithstand
logging

logger.
ed from

S some
nce and

—  Ensur

— Perfor

) L . 1 £ (] L - M (] . (] (]
C U LITATTTET 1S5 LITSdl UT UTUTTS, SITLUTCPUSILS diTtud WETU.

m battery checks and replace as necessary.

— Check seals on instrument, according to manufacturer's instructions.

— Check vent to ensure pressure sensor is not blocked (or filled after flooding).

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

— If present, check the instrument housing or kiosk for signs of interference, secure fixing, lock operation, etc.

14
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— Check for evidence of either scour or deposition at the site. This affects the validity of the cross-sectional area
versus depth relationship used for discharge computations. The measuring section should also be periodically
checked to amend or reaffirm the validity of this relationship.

— Note the current hydraulic conditions at the site and check for adverse changes since installation.
— Check the instantaneous or most recent flow or velocity readings.

— Undertake comparison with another gauging method if scheduled for the visit.
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Annex B
(informative)

Sample questionnaire — Doppler-based flowmeter

B.1 Propased use of the ithrumpnf(Q)

B.1.1 Duration
For what fecording duration will the instruments normally be used ?

(Please tick the most relevant box.)

1 day to 4 weeks

1 month to 3 months

3 months to 12 months

Over 1 year

Other comments

B.1.2 Usg of the site
Where wil] the instruments be used?

[Tick apprgpriate boxes. Include_only the principal use(s) for which the instrument(s) is (are) being purchasdd.]

Small watercourses

Sewers

—| Foulsewers

— | ‘Surface water sewers

— Combined sewers

Industrial

a) Sewage

b) Other effluents (Please specify)
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B.2 Site characteristics

B.2.1 Channel use

Where will the instrument(s) be used ? (Please tick appropriate boxes.)

Enclosed culverts (Please state material)

Partly full flows

Cull nine flaw (at all times)
|l o \ 7

Dpen culverts
Dther

B.2.2 Channel shape
Where vill the instrument(s) be used ? (Please complete appropriate boxes.)
If the ingtrument is to be used predominantly at one site or very similar sites,*please give the average dimensions.

If the ingtrument is to be used at a range of sites, please give the maximum/minimum range of typical sizes.

Average dimensions Minimum size Maximum sigze
mm mm mm

Clrcular pipe (diameter)
Box culvert Width

Height
Open culvert Width

Height
Watercourse Width

Depth

B.2.3 Channel length

The insfrument’si accuracy will, amongst other things, depend upon the hydraulic conditions at thg proposed
location| Ideally;.steady flow conditions are required.

Please giveflow condition details at the proposed monitoring site. For example, how far upstream is it until the flow
condition alters significantly, through a change in channel shape, gradient, pipe material or through the presence of
joining flows ?
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B.2.4 Other details

Is mobile sediment likely to be present? (Sediment, if present in sufficient quantities, it may cover the sensor and
effect the instrument's velocity sensing.)

If yes, please give details.

Is weed o
effect the i

If yes, ples

B.3 Flov

B.3.1 Ins
Please deg
If the instr

If the instr

B.3.2 Ty

other vegetation likely to be present? (If present in sufficient quantities, it may cover the-ser
hstrument's velocity sensing.)

se give details.

vV conditions

trument
cribe the flow conditions where the insttument is likely to be used.
ment is to be used predominantly at'one site or very similar sites, please give the average dimer

ment is to be used at a range 'of sites, please give the maximum/minimum range of typical sizes

pical depths

Dimensions in millimetres

Average Minimum Maximum

sor and

sions.

B.3.3 Typical velocities

Dimensions in metres per second

Average Minimum Maximum

NOTE

18

If uncertain about actual velocities use descriptions such as very fast, steady flow, virtually stationary, etc.
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