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

non-governmental, In liaison with S0, also take part in the work. SO collaborates closely with
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main
adopted b

the

sk of technical committees is to prepare International Standards. Draft International Standards

the technical committees are circulated to the member bodies for voting!-Publication as

International Standard requires approval by at least 75 % of the member bodies casting a vote.
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hal circumstances, when a technical committee has collected data+ofia different kind from
brity vote of its participating members to publish a Technical Report.”A Technical Report is ent
in nature and does not have to be reviewed until the datadt provides are considered to be
or useful.

shall not be held responsible for identifying any or all'such patent rights.

4 was prepared by Technical Committee ISO/TC 113, Hydrometry, Subcommittee SC 1, Veldq
ds.

dition of ISO/TR 9824 cancels and replaces ISO/TR 9824-1:1990 and ISO/TR 9824-2:1990
stitutes a technical revision.
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rmally published as an International Standard (“state of the art”, for;example), it may decide by a
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Hydrometry — Measurement of free surface flow in closed
conduits
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Scope
5 Technical Report provides a synopsis of the methods of flow gauging that can be ‘deploye
particular reference to other International Standards where appropriate, the attributes and li
h technique, possible levels of uncertainty in the flow determinations and specific equipment re

uncertainties quoted herein are expanded uncertainties with a coverage factor of 2 and an 4
fidence level of 95 %.

Normative references

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

772, Hydrometric determinations — Vocabulary.and symbols

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 772 and the following ap

fre¢ surface flow in closed conduits

flow

4

4.1

Clo

within closed conduits;.under the influence of gravity only, and normally having a free surface

Characteristics of a closed conduit system

Physical structure

d in closed

duits flowing part full, i.e. with a free open water surface. It provides a brief description of each method

mitations of
juirements.
pproximate

For dated
referenced

=4

y.

ed \conduits can be located below ground (e.g. sewer) or above ground (e.g. culve

con

. Systems

structed underground usually incorporate a means of access through a suitable sized shaff (manhole)

sealed at the surface with a secure, but removable, cover. Access shafts may be provided at frequent
intervals along the length of the conduit. It is normal to locate shafts at points of structural change in the
system, such as bends, or junctions, or where for some reason, inspection or entry to the system may be
required. Access will be subject to strict health and safety conditions and operatives may require special
training. Also, access may not be allowed during or following a period of rainfall.
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4.2 Construction

4.21

Material

Conduits can be made from a variety of materials such as dry stone blocks, vitreous clayware, concrete, cast
iron, steel, galvanized iron or steel, asbestos and glass reinforced plastic. In addition, the conduit may have
been formed out of the natural bedrock.

The roughness of the surface of the conduit may range from smooth to extremely rough. The roughness may
be influenced by organic growths, deposits of sediment, rust, cracks, holes and other imperfections.

4.2.2 CroIss-sectional shape

Closed con
barrel or ftri
150 mm up

4.3 Flow

Flow in cld
containing
nature. Thg
Discharges|
some appli

hngular. For the purposes of this Technical Report, they are considered to range in diameter
wards.

conditions

sed conduits can vary from clear water, free from contaminants,(e.g. spring flows), to liq
both floating and suspended material (e.g. foul sewer), and in someycases effluents of a corro
fluid itself may be an admixture of several substances each withr its own characteristic properf
may vary over a wide range from reverse flow, through zerot0o.many cubic metres per second.
cations, measurement equipment should be capable of withstanding inundation and measu

surcharge flow. The flow, especially that generated from impervious.catchments, may exhibit rapid changd

discharge @
4.4 Envi

441 Wit

ver short durations and may range from subcritical to supercritical.

ronment

hin the conduit

The atmosphere within a conduit system may be.assumed to be in equilibrium with the liquid in the condu

the atmosp
from its effd

It is possibl
Therefore,
For exampl

The extrem
ascertained

cts or choose a method for which-this is not a problem.
e that under certain circumstances, the atmosphere may be of a potentially highly explosive nat

he equipment to be installed within the confines of the conduit system should be intrinsically s

es of the atmoSpheric environment within which the equipment is expected to operate need t¢
in terms of temperature, humidity, pressure and gases.

4.4.2 External environment

duits are most commonly circular or rectangular in shape. They may also be ovoid, horsesmoe,

om

ids
Sive
ies.
For
ring
s in

it. If

here is of a toxic and/or corrosive._nature, precautions should be taken to protect the equipnpent

ure.
afe.

e, all electrical circuits-should be constructed so that they cannot cause ignition of the atmosphégre.

be

Where ele

ments of the equipment are situated outside the conduit system, the external environme

ntal

conditions should be ascertained. Examples of these external conditions are

a) atmospheric temperature and relative humidity ranges,

b)

c)

likelihood of electrical interference, and

likelihood of mechanical shock.
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Selection of method

General

In selecting the most appropriate method, the factors in 5.2 should be taken into account.

5.2

5.2.

Factors

1 Frequency and duration of measurement

The
fred
lesq

5.2,

The

response of the conduit system to inputs of storm run-off may require measurements_to
uent intervals to allow the hydrograph to be defined. The recording intervals may need tode.o
. The duration of flow measurement at a site should be consistent with the intended use of the

2 Physical conditions

physical conditions that may affect the choice of method are
ease of access to the site,

dimensions of the conduit,

upstream and downstream conduit integrity,

junctions, bends, connections, bifurcations, inlets and outlets,
bed load, silt load and suspended solids,

range of depth and discharge,

range of velocity,

flow directions,

atmosphere within the conduit, e.g. temperature, humidity and quality,

classified into four graups:
1) pollutantstand sediments in solution;
2) finely'suspended sediments with median diameter = 0,062 mm;

3)4 coarse sediments where median diameter = 3,5 mm;

5.2.

4) Jross SoOIllds wnere particulate matter IS greater than o mim I any two dimensions.

3 Site surveys

e taken at

rie minute or
ata.

the nature and concentration of dissolved, floating and suspended solids. The material/pollufant may be

It is desirable that a preliminary survey is made to decide on the suitability of the site taking due account of the
various physical conditions as listed in 5.2.2. In addition, it may be necessary to abide by specific national or
local health and safety regulations that could be in force for persons working in closed conduits or confined

spa

©IS

ces.
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6 Methods of measurement

6.1

6.1.1

Volumetric methods

Description

In the volumetric method, the change in level of fluid in a reservoir is measured over time to deduce flow-rate,
given a known relationship between fluid depth and volume. Account needs to be taken of any simultaneous
inflows and outflows that are occurring. For example, for a wet well system that is emptied by a pump turned
on and off by high and low level switches, the inflow may be calculated from the time to fill, i.e. when the

pumps are
assuming t

This metho
sensor.

Using this
or troughs
equipment

6.1.2 Attnibutes and limitations

Fluid level

This metho
in place to

The method can only be used where there is an appropriate tank, wet well or reservoir.

The volum
intrusions 4

This metho

Sediment g

6.1.3 Equ

The following will be neededto’apply this method:

a) asuita

b) a means of determining fluid level at two or more points in the reservoir;

c) asuita

off. The discharge may also be calculated from the time to empty when the pumps are
hat the inflow is constant.

H may be applied where fluid depth is monitored by fixed point level switches or a contintious |

hethod, flow-rate is averaged over the time period to fill or empty the tank, hebee short-term pg

o take intermediate readings may enable any variations in the flow-rate to be identified.

an be measured by non-contact means minimizing maintenance requirements.

0 requires a flow computer but otherwise no additional sensors need be installed, as those alre
control the pump switching are used.

b/depth relationship can be difficult to determine for irregularly shaped reservoirs or those
nd internal structures.

d is usually not practical in an underground system.

nd sludge building up in the reservoir can change the volume/depth relationship.

ipment

ble reservoir;

bly_programmed flow computer.

on,

bvel

aks

in the instantaneous flow-rate may not be captured. The use of continudus level measurenment

ady

vith

6.1.4 Application

This method may either be used for short-term flow surveys, calibration and verification of permanently

installed eq

uipment or as a permanent means of measurement.

6.1.5 Uncertainties

The performance of this method is dependent on the certainty with which the volume/depth relationship of the
reservoir is known, the resolution and accuracy of the equipment used to measure the fluid depth in the tank
and the presence and character of the inflows and outflows. The resolution of the level sensor(s) should be
considered against the changes in depth which may be encountered using a reservoir with large surface area,

© 1SO 2007 — All rights reserved
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i.e. the volume change in a reservoir with a large cross-sectional area will change greater for a given change
in fluid depth than one with a smaller cross-sectional area.

Uncertainties (with a coverage factor of 2 and an approximate confidence level of 95 %) of less than 2 % are
achievable for a clean reservoir having a precisely defined volume/depth relationship and using a high
resolution depth sensor with an uncertainty within 0,5 %. Generally with a good installation, the uncertainty will

be of the order of 5 %.

6.2

6.2,

The
dist
dist

The
sign

latt¢r may be a consideration if the walls are subject to biological or chemical fouling.

Tracer and dilution method

T Basic principles
nguished from the bulk liquid and thereafter detect that substance at a point downstream. Th
nct ways in which the method may be applied:

transit time that measures the time taken for a sudden injection of tracer~to ‘travel from o
another;

dilution gauging which compares the concentration of the tracer injected into the bulk fld

concentration detected downstream of the injection point. This can be further subdivided in
rate injection or tracer integration methods.

ificant quantities in the fluid nor be absorbed by, or reactwith the fluid or the walls of the ¢

basis of the tracer and dilution method is to inject a substance into the flow that)can

be easily
ere are two

ne point to

id with the
to constant

choice of tracer depends upon the nature of the fluid and the installation. The tracer should n¢t appear in

pnduit. The

The three principal types of tracer which are used are
1) radioactive, e.g. Tritium, Na(24) (as sedium carbonate solution), Br(82) (as potassiym bromide
solution),
2) fluorescent, e.g. Pyranine,

Theg
una

The

3) chemical, e.g. sodium chloride; lithium chloride, sodium iodide.

use of radioactive tracers"in discharges to sewers or the environment is nowaday
cceptable. For water applications, lithium chloride and sodium chloride are the most widely use

application of dilutionigauging to free surface flows is described further in ISO 9555 (parts1 thr|

5 generally
J tracers.

bugh 4).

6.22 Attributesiand limitations

The
Inte)

method\has been successfully used across a wide range of applications and is covered by lestablished

rnational Standards.

Thdre-ds minimal disruption to the flow

There is a need to ensure good mixing between the injection and sampling points whilst keeping this distance
as short as possible. ISO 2975 looks specifically at the requirements to ensure good mixing. To help mixing,
flow should be fully turbulent, i.e. with a Reynolds number greater than 5 000.

With some tracers, e.g. lithium chloride, results are not available on site as samples require laboratory
analysis to determine the tracer concentration. If sodium chloride is used as the tracer, detection may be done
using a conductivity sensor to provide an immediate result.

Two access points are required, one for injection and one for sampling.

Flow needs to be kept stable for the duration of the test that may take many minutes.

© 1SO 2007 — All rights reserved
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6.2.3 Equipment

The equipment required for the application of this method comprises: reservoir of tracer solution, timing
mechanism, tracer injection apparatus and means for extracting samples or detecting tracer downstream of
injection point. For some chemical tracers, access to a laboratory for determination of tracer concentration in

the downstream samples will be needed.

6.2.4 Application

These methods are generally used for short-term tests such as flow surveys or for the calibration and

verification of pnrmnnnnﬂy installed r=Yall |ipmnnf

6.2.5 Ungertainties

An uncertajnty (with a coverage factor of 2 and an approximate confidence level of 95 %) 6f'5 % may be

expected.

6.3 Flow measurement structures

6.3.1 Bagic principles

A flow medsurement structure is generally designed to act as a control jnthe channel in order to provide a

unique, stgble relationship between head (stage) and discharge. The“relationship can usually either be

derived empirically or from physical principles. Most flow measurement structures require critical flow to o¢cur

at the contfol section, i.e. the upstream head or water level is independent of downstream conditions. This

condition is|normally referred to as modular flow. If the upstream water level (head) is affected by downstr¢gam

conditions, [the flow is said to be non-modular. Some structures can still be utilized when the flow is gon-

modular, byt an additional downstream head measurement.is‘required in order to determine a reduction factor

that is appl|ed to the modular head-discharge relationship:{However, the uncertainty of the flow determingtion

under non-modular conditions will be larger. Therefore, the use of flow measurement structures under non-

modular flows should be avoided whenever possible.

For most of the commonly used flow measurément structures, there are International Standards that oufline

the design fequirements and their physical limitations, e.g. minimum head requirements. Reference is made to

the relevant International Standards, where appropriate, in 6.3.4.

The performance of a flow measurement structure is dependent on the following factors:

a) the hydraulic and other site_conditions over the target discharge range;

b) the quality and accufacy of construction and installation;

c) the agcuracy sand reliability of the upstream head, and where appropriate downstream head,
measurements:

Flow measurement structures cause an obstruction in the watercourse to create sufficient head differenge in

order to determine flow. When designing or installing flow measurement structures, it is therefore important to
establish the impact of the structure on upstream water levels in the channel, i.e. how much afflux or
backwater is being created under different flow conditions. It is particularly important when installing flow
measurement structures in closed conduits to ensure that the liquid carrying capacity of the conduit is not
significantly reduced resulting in the potential to do damage or harm.

Guidelines on the selection of structures are contained in ISO 8368.

© 1SO 2007 — All rights reserved
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The use and selection of flow measurement structures in closed conduits will depend on the hydraulic and
other physical conditions that prevail. In some closed conduit situations, conventional open channel flow
measurement structures for which there are appropriate International Standards may be used. Conversely in
some closed conduits where pressure conditions as well as free surface flow conditions occur, or where the
hydraulic conditions are unsuitable, it will not be possible to measure flows using conventional structures. For
this reason, special types of structures have been designed to operate under such conditions. For the
purposes of this Technical Report, flow measurement structures have therefore been categorized under the

following headings:

a) | special structures appropriate for use in closed conduits or structures for which there is, gurrently no
International Standard;
b) | conventional structures for which there is an International Standard.
6.313 Special structures not covered by any specific International Standard
Thgse are summarized in Table 1.
Table 1 — Special structures for use in closed conduits-not covered by a specific
International Standard
Type Figure Comments, attributes and limitations Applicationg
number

Vertical slot weir 1 Allows solid materials to pass the installation.|Larger conduits carfying solid
Rating curve may be affected by the conduit|materials, where thefe is free
slope and roughness, particularly for wide slots | surface flow
at low flows.

Trapezoidal weir 2 Allows passage-of solids and does not obstruct | Larger conduits carrying solids and
flow. Rating, curve is affected by the conduit|where there is free surfage flow
slope androughness, but can measure lower
depths-and smaller flows than vertical slot weir.

US Geological 3 Device that acts as a flume under free surface | Closed conduits wherd both free
$urvey (USGS) flow ‘conditions and a nozzle when surcharged. | surface and surcharge conditions
meter Under the free surface flow conditions, the |will occur
greater the constriction, the better the
accuracy.
Unj|versity of lllinois 4 Similar to USGS meter. The transition from free | Closed conduits wherd both free
meter surface to pressure flow is not as smooth|surface and surchargeg conditions
however, owing to the shape of the constriction | will occur
in the conduit soffit.
Palmer-Bowlus 5 A critical depth flume that has been tested in|Larger conduits
Flume sloping conduits and exhibits a successful
head-discharge calibration for both subcritical
and Sl |poﬂ\ri+ir\9| froa surfaca flow.
Modifications to the design are recommended
to improve the head-discharge relationship in
the transition zone from free surface to
pressure flow.
© 1SO 2007 — All rights reserved 7
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Key

D
h

internal
head

\wb

0,51

1,51

A
Y

Dimensions in metres

Hiameter of the conduit

A
 J

Figure 1 — Vertical slot weir

»
o

Y

Figure 2 — Trapezoidal weir

Dimensions in mgtres

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=bcaf6fcf7d14d59b7375fa243b013529

ISO/TR 9824:2007(E)

T < i

Z 1:3
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3/80 D - 3/80
2 1

Key

1 [throat cross section
side view

3 |piezometer taps
throat area

4 |28 0,709
pipe area

D |internal diameter of the conduit

Figure 3 — US Geological Survey (USGS) meter

—

1:4 14 g

_—
N
<
-t

LD

A
Y

Key

1 throat cross section
critical section
3 flow

D internal diameter of the conduit

Figure 4 — University of lllinois meter
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Key

A WON -~

D
DJ2
DI3

D/3

A
Y

D/3 D/3

 J
A

/3|pr2

throat z¢ro datum

approac
flow
water sy

internal
half the
one thirg

h zero datum

rface

Hiameter of the conduit
Hiameter of the conduit

5
6
7

approach section
critical section
throat section

of the diameter of the conduit

D/6 one sixth of the diameter of the conduit

6.3.4 Corn
These are 3
10

ventional structures

ummarized in Table 2.

Figure 5 — Palmer-Bowlus flume

\
pre| | |p
1
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Table 2 — Conventional structures with International Standards

4:2007(E)

Typel Figure Comments, attributes and limitations Applications
ISO International | number
Standard number
Parshall flume/ 6 Critical depth flume originally developed for use | Free surface flows in larger conduits
ISO 9826 in irrigation canals.
Thin plate weirs/ 7 and 8 |Rectangular thin plate weirs and V-notches are | Free surface flows in sediment free
ISO 1438-1 relatively easy to install but manufacture of crest|water, e.g. spring flows
requires care. Accurate. V-notches can be
parﬁmularly suitable where ratio of high to low
flows is large and low flow accuracy important.
Susceptible to poor approach conditions and
high sediment loads.
Trirngular profile 9 Good accuracy, discharge range and modular | Free surfaceflows in larger conduits
wejrs/ limit. Relatively robust and have the ability to|with large{amounts of| suspended
1ISQ 4360 pass heavy silt. Can be used under non-modular | solids
conditions if crest tapping and/or downstream
head measurements are made.
Trigngular profile 10 Have similar attributes to horizontal crested|{Free surface flows in larger conduits
flat-v weir/ triangular profile weirs but have greater|with large amounts of| suspended
I1ISQ 4377 sensitivity. solids
Flumes: 11 and 12 |Flumes are often recommended whefe material | Free surface flows
Re¢tangular and is being transported along the conduit. Suitable Rect lar 1l . ¢ |
U-ghaped/ where afflux needs to be keptito minimum. ecdar_1tgu ard uUmer? In rilc anguiar
I1ISQ 4359 Rectangular flumes in particular'can be relatively con IUI S an 'Sd atp?]ec urggts, n
cheap to install. They are Aniversally used for cireufar sewers and othef conauits
measuring inflows to waste water treatment
works.
Dimensigns in metres
. 4 .5 6
% m
o‘ (=]
\
)\
1,34 1,61 0,91
|
LI 2 — | 3
; - 1
—
Key
1 level floor 4 converging section
2 flow 5 throat section
3 water surface 6 diverging section
Figure 6 — Parshall flume
© IS0 2007 — Al rights reserved 1
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Key

1 head mgasurement section
b  measurgd width of notch
B width ofjapproach section

Key
1

a

12

h  head
p height of crest

Figure 7 — Rectangular thin plate weir

Head measurement section

h  head
notch angle, i.e. angle included between sides of notch p height of apex of V-notch above bed
B width of the approach channel

Figure 8 — V-notch thin plate weir
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Key

o OB WN -

> o

permissible truncation
flow

crest

head measuring section
stilling well

toe

width of the weir crest
head
difference between,crest elevation and upstream bed level

Figure 9 — Triangular profile weir
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Key

flow
downstr

0 N O o WOWN -~

permiss

width
radiu
head
total

ax maxi

S
M_\gmqnw%w
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Figure 11 — Rectangular flume
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9 exit trangition

Figure 12 — U-shaped flume

6.3.5 Eqyipment

Equipment|suitable for the measurement of water levels in open channels is described in ISO 4373, to which
reference should be made. The selection of a suitable water level sensor will be dependent on site conditigns.

In many clgsed conduit situations, it is possible that the installation of a stilling well will not be cost-effective or
technically feasible. This would rule out the use of a float and counterweight system. However, in many clgsed
conduit situations turbulence and oscillation may be a problem. Therefore, a sensor and logging system Wwith
inbuilt electronic stilling/damping may be required.

In water that is heavily silt laden or carrying foul or toxic effluent, an air-ranging ultrasonic water level gauge
may be the preferred option. Care must be taken to ensure that the minimum blanking distance can be
maintained or that the equipment does not become submerged.

For sites where free surface flow and pressure flow may occur, a pressure transducer may provide the best
option.
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6.3.6 Uncertainties

It should be possible to determine discharges to an uncertainty (with a coverage factor of 2 and an
approximate confidence level of 95 %) of within 5 %, using conventional flow measurement structures
operating under modular conditions, provided the physical conditions, design, construction and operation are
in accordance with the appropriate International Standard.

6.4 Ultrasonic Doppler

6.4.1 Basic principles

Theg ultrasonic Doppler technique is based on the Doppler Shift concept. Pulses of ultrasoundcare [transmitted
at gn angle into the water body at the measuring section (see Figure 13). The sound is reflected frgm particles
in the water back to the transmitter, which also acts as a receiver. The difference in-fréquerlcies of the
tranismitted and reflected sound is proportional to the velocity of the particle (reflectéor), The velpcity of the
parficle is assumed to be equal to the velocity of flow of water at that point. The reflections from a number of
parficles are analysed by the Doppler meter and an estimate of the mean velocity)in the measuring section is
madle. Depth measurements are made, often by means of a pressure transduceér built into the velogity sensor,
at the same time as the velocity measurements. If the relationship between depth and area for thg measuring
section is known, it is possible to estimate the flow by multiplying the velocity)by the area.
2
W
v
0 fo
O
1 3
Key
1 |Doppler sensor
2 |water surface
3 [channel bed
a, bland ¢ particulates
A frequency of transmitted sound pulse
Jo S and fi frequency of sound pulses reflected from particulates a, b and ¢
Var Yo BNAW,  velocity of particulates a, b and c
2] :mglp hetween the haorizantal and the anglp aof the sound heam

Figure 13 — An illustration of the principle of Doppler flow monitoring technology

The technique has been widely used for measuring flows in pipes and sewers for a number of years. However,
it has not yet been so widely used in open channels, particularly natural streams and rivers. Nevertheless, this
type of use is on the increase since the costs of supply and installation, and the environmental impacts of
ultrasonic Dopplers are invariably less than flow measurement structures. The technique is particularly
suitable for many closed conduit applications.

The amount of spread of the sound beam, and thus the cross-sectional area of flow sampled, is a function of

the design of the Doppler velocity meter, the number of reflectors in the water and other physical
characteristics. Some ultrasonic Doppler systems only measure the strongest reflected signals, whereas other
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systems try to sample a larger area by analysing weaker signals. A third type of Doppler system, sometimes
referred to as ‘range gated’ or ‘time gated’, divides the sampled cross section into a number of cells
(sometimes referred to as ‘bins’) and estimates the mean velocity in each cell.

Most ultrasonic Doppler systems are fixed to the bed of the watercourse, channel or conduit. However, if the
sensor is likely to be covered by silt or water borne debris, it may be necessary to raise it by spacing it off the
bottom, to displace it off-centre in circular conduits or to side mount it. One type of Doppler system is designed
to be side mounted and estimates the mean velocity across the channel at a fixed level. As such, it is similar
to a single-path ‘transit time’ ultrasonic system (see 6.5).

The technique is described more fully, along with guidelines for usage in ISO/TS 15769.

6.4.2 Attnibutes and limitations

be
e of

Ultrasonic Dopplers are usually relatively cheap, simple and easy to install and in large conduits tend tg
relatively npn-obstructive. Manufacturers usually supply fixing bands for different conduit diameters for eas
installation.| Ultrasonic Dopplers are bi-directional enabling the measurement of reverse flows.

One of the
of the crosg

main limitations of the technique, particularly in larger, irregular channels;<is knowing what poftion
section is being sampled. This is often not a major problem in closed conduits. Depths in exdess

of 0,1 m ar
should be 3
the effectiv
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provided th
area table g
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that offers @ structured step-by-step approach, helping to focus on key issues that govern the overall suitak

and perforn
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The ultraso
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6.4.5 Ung

It should k

e normally required. Also, it is recommended that ratios of channel depth to width of less than
voided. In very clean water, e.g. spring flows, there may not be sufficient reflectors in the wate
b operation of some Doppler systems. Conversely, a very high-level of suspended solids prov
bignals but may limit the range of sampling (measurement).

it is flowing under pressure, the depth sensor will overestimate the depth. This is not a prob

r relationship can be capped at pipe full.

ipment
e data logger is built into the sensorhiead. The choice of Doppler will depend on the user's spe
bments and the physical characteristics of the site. ISO/TS 15769 includes a sample questionn

hance of the Doppler flow measurement technique.

lications

nic Doppler technigue is applicable to closed conduits greater than 300 mm wide or diameter,
pw greater tham100 mm, but generally not exceeding 3 m width and 2 m depth.

ertainties

e _fpossible to determine discharges to an uncertainty (with a coverage factor of 2 and

approximat

0,2
r for
des

lem

b pressure does not exceed the manufacturer’'s recommended maximum pressure, since the dg¢pth

nent normally consists of velocity and-depth sensors, connecting cable and data logger. In spme

cific
aire
ility

vith

an
ical

b “confidence level of 95 %) within 10 % using ultrasonic Doppler systems, provided the phys

conditions, design, construction and operation are in accordance with the manufacturer's recommend
guidelines and ISO/TS 15769.

6.5 ‘Transit time’ ultrasonic flow meters

6.5.1 Basic principles

‘Transit time’ (‘time of flight’) ultrasonic flow measurement is based upon the principle that when sound pulses
are transmitted at an angle to the direction of flow (see Figure 14), the speed of the pulse in the downstream
direction will be enhanced by the flow of water, whilst, returning in the upstream direction, the speed of the
pulse will be impeded by the flow.
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Figure 14 — Sketch illustrating the principle of ‘transit time’ ultrasonic flow measuren

velocity in the direction of flow at the elevation of the sound transmitting and receiving tra

related to the different-sound pulse travel times as follows:

r 1 1
V., = —
Y 2cosd 4 1y

hent

hsducers is

(1]

wh

re

v, is the average velocity in the direction of flow at level, y;

6 is the angle between the direction of flow and the flight path;

t4 s the time to travel along the flight path with the flow;
to s the time to travel along the flight path against the flow;

L s the length of flight path.
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For single-path systems, the estimated velocity is used directly to derive the mean velocity in the measuring
section. In multi-path systems, the cross section is normally divided into a number of horizontal segments or
slices defined by the positions of each pair of transducers in the vertical. The velocities derived for different
paths are then used to derive the flow in their assigned segments by multiplying the mean velocity in the
segment by the area of the segment. The flows in each segment are then summed together to provide an
estimate of the total flow in the entire cross section. If there is an error of greater than a few degrees in the
determination of the angle between the direction of flow and the flight path (), large errors can occur in the
determination of the velocity. Such errors can occur when skew flow occurs. In order to minimize this type of
error, cross-path systems are installed. Cross-path systems are where a second line of transducers is
installed diametrically opposite the first. Discharges are usually computed separately for each line of

transducers and averaged to compensate for skew flow.
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e’ ultrasonic open channel flow gauges have been used successfully on small artifigial chan
to larger rivers with widths up to at least 500 m.

logy is also used for pipe flow measurement. For pipe flow measurement, itis-possible to ob
hits whereby the transducers can be clamped onto the outside of the pipe: As these units req
be running full, they are not suitable for measuring flows in closed, conduits with a free w

ue is described in detail in ISO 6416.

b’ ultrasonic systems are usually relatively easy to install, are non-obtrusive, can be highly accu
and can often be more cost-effective than other feasible alternatives. ‘Transit time’ ultrasonic
bi-directional enabling the measurement of reverse flows.

pttenuation of the acoustic signal can oceur due to high levels of suspended solids, entra
emperature gradients. Nevertheless, the technology is now used for measuring raw effluent at
ste water treatment works where the @ltrasonic path lengths are short and the attenuation car
lowever, sensor fouling can be a problem when measuring raw sewage, and, at least requ
ntenance. There is also a minimum depth requirement that is a function of the frequency of
and the length of the flight path. A limitation of the technique when using systems with only
mited number of paths, is-the fact that as the water level changes, the system will be samplir
rt of the velocity distribution. In such cases, it is necessary to determine a relationship betw
elocity and the mean cross-sectional velocity. This is described in ISO 6416.

ipment

The equip

ent normally consists of pairs of ultrasonic transducers (these can be mounted on fixing rack{
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the insides| of the.conduit), a depth sensor, connecting cables, electronic control unit and a data logging

system. A

position angl secured by friction.

ther\method of fixing in closed conduits is on rings either bolted to the inside or expanded

into

The choice of depth sensor will be dependent on the site conditions. Low range pressure transmitters and air
ranging ultrasonic depth sensors (provided there is enough free air space above the maximum water level)
may be appropriate for many applications.

6.5.4 Applications

Closed conduits with widths or diameters greater than 0,5 m and minimum depths of flow generally greater
than 0,1 m. If it is proposed to use the technique in closed conduits with high levels of suspended solids,
advice should be obtained from the supplier before purchase.
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5 Uncertainties

The uncertainty in the determination of flow is a function of the number of transducer paths that are
operational. Generally, the greater the number of paths, the better the overall determination of discharge. For
systems with four or more operational paths, the uncertainties (with a coverage factor of 2 and an approximate
confidence level of 95 %) should be within 5 %. Even with single-path systems, it should be possible to
estimate discharges to within 10 % provided the line velocity can be reliably related to the mean velocity in the
cross section of flow over a wide range of flow conditions. The calibration of single-path ‘transit time’ ultrasonic
systems is described in ISO 6416.

6.6

6.6.

6.6.
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—Electromagnetic-m
1 Basic principles
1.1 General

d velocity can be measured using Faraday’s principle. This states that a<cenductor movin

g within an

tromagnetic field will generate a voltage mutually perpendicular to the_direction of movem

nt and the

magnetic field. The voltage generated is proportional to the velocity of-the fluid, thus in ordgr to obtain
metric flow, a determination of the cross-sectional area of the flow-also needs to be mdde. This is
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6.6.

erally calculated from the measurement of the fluid depth and knowledge of the shape of
re are three formats of sensor for measurement in conduits with.free surface flows. These ar
6.1.2 through 6.6.1.4. Also see Figure 15.

1.2 Local velocity sensor

As
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be included to locally earth the fluid ensuring that.the measured voltages are correctly referenced.
sensor may also be incorporated into the assembly to measure the fluid depth. Alternatively, de
medasured by a separate sensor, with the two units linked to a flow computer. The velocity sen
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6.6.
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mall sensor assembly is mounted on the invert of the'conduit. The sensor houses the coil to g
netic field and the measurement electrodes for.detecting the induced voltage. A third electrod

nted on an expanding stainless steel band for insertion into sewers and other closed conduits.

1.3 Full width sensor

il is buried below the channel bed or mounted above the conduit. In some installations, a single
d to cover the full width of'the conduit. In others, one or more prefabricated units each contg

me

insylating section is necessary to avoid attenuation of the induced signal by electrical conduct
thrqugh,the conduit walls and surrounding ground.

This

ctrodes set ifnte-'the channel walls measure the resulting voltage generated. An insulating
brane, mustbe built around the electrodes which adds to the cost and complexity of the insta

e conduit.
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ve leakage

methaod is described further in ISQ 9213
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Figure 15 — Electromagnetic method
6.6.1.4  $pool piece sensors
A number [of manufacturers have incorporated the magnetic coils and‘measurement electrodes into
insulated flpw tube to form a spool piece sensor for installation in placé«f a length of conduit. These dev
differ from gonventional electromagnetic closed pipe flow meters in that they have been specifically desig

for pipes running partially filled. The electromagnetic method is usedto determine fluid velocity and a seg
method us¢d to measure fluid depth. These meters are capabl€”of measuring under surcharged condit

and use a

conventional electromagnetic closed pipe flow meter. Means used to measure depth include the following:

a) a numbper of electrode pairs spaced around the. [ower half of the sensor, depth being deduced from
coverapge of each pair;

b) capac

c) top-doyn ultrasonic level sensors;

d) hydrostatic level sensors on the pipe invert.

6.6.2 Att

This meth

wide range} It is bi-directional enabling the measurement of reverse flows. This method is unaffected by

presence
the flow.

824:2007(E)

number of means to determine when that occurs.~This then triggers the meter to behave 4

ifative level sensors embedded in the’sensor walls;

ibutes and limjtations
has a high-dynamic range thus making it suitable for sites where flow-rates can vary acrog

partictilate or air bubbles and, in a well designed system, there will be little or no obstructio

an
ces
ned
ond
ons
s a

the

s a
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n to

On-site calibration will generally be required.

Local velocity sensors are usually streamlined to minimize fouling, but this can still occur, and in severe cases
will lead to poor measurement. However, fouling is less of a problem than with ‘transit time’ ultrasonic or
ultrasonic Doppler flow systems.

Spool piece sensors typically require five to ten times the internal diameter of the conduit of straight upstream
pipework and three to five times the diameter downstream in order to minimize the effects of poor velocity
profiles caused by bends and other sources of disturbance.
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6.6.3 Equipment

The equipment required for this method comprises: one or more electromagnetic coils, power supply to drive
the coils, means to detect the induced voltage, insulating liner, level sensor to measure fluid depth and a flow
computer capable of taking the signals and combining them with a calibration curve to derive flow. In a spool
piece sensor, the measurement parts are typically incorporated into one unit with the power supply, detection

circuitry and flow computer in a second unit.

6.6.4 Application

Use-o
casps
are [permanent installations. Installation of full-channel-width coils may require the temporary divers

Locpl velocity sensors may be applied to filled or partially filled, round, rectangular~egg or ot
congduits of 150 mm to 3 500 mm. They may be used for permanent or temporary installations.

Spqol piece sensors typically start at 150 mm nominal bore. Manufacturers list.médels up to 800 1
bor¢ with larger sizes fabricated to order.

6.6)5 Uncertainties
For|installations where a single coil spanning the channel is used, ISO 9213 claims uncertain
covprage factor of 2 and an approximate confidence level of 95 %) in the range 2 % to 5 %. Hg

may be limited by the calibration method rather than the performance of the flow meter itself. For

where local velocity sensors are used, uncertainties are likely’to be in the range 5 % to 10 %. For
sensors, uncertainties on volumetric flow of 5 % and better are claimed, depending on the m
range.

6.7| Slope-area method

6.7/1 Basic principles

Thg slope-area method is a means of determining discharge in open channels from observat

surface slope and cross-sectionaly'area of the channel. The mean velocity is established by u
sevpral well known empirical formulae. These formulae relate the velocity to the hydraulic radius,
graglient (surface water slope.corrected for the kinetic energy of the flowing water) and a roughnes
thaf is a function of the_characteristics of the channel bed and sides material. The technique is g
detail in 1ISO 1070.

Ong of the most egmmonly used formulae is that of Manning (see Equation [2]).
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5ing one of
the energy
5 coefficient
escribed in

v:1R2/3S1/2 [2]
n
where
v is the average velocity, in metres per second (m/s);
R is the hydraulic radius, in metres (m); R = %
A is the cross-sectional area;
P is the wetted perimeter;
S is the slope of the energy line;
n is Manning’s n (roughness coefficient).
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The Colebrook-White equation [Equation (3)] for pipeflow can be utilized for use in open channel flow

estimation.

.

where

k is

k 1,255y

N
14,8R R(,/32gRS)

’ 2
32gRAS]|0910

the roughness height;

3]

1%
The main

measurem
difference |
times the u

Ideally, the
should be |
reach.

is the kinematic viscosity.

vantage of the slope-area method is that only water level measurement is required.|If the engrgy
and conduit bed gradients are identical then only one measurement is required. Howeverptwo water |

nts are preferred. Whenever possible, the length of the measuring reach should'be such that|
etween the water levels at the upstream and downstream sensors should net’be less than tw
ncertainty in the measurement.

conduit should be straight, there should be no abrupt changes in bed gradient, the cross seq
niform and free from obstructions, and the conduit roughness shoutd-be uniform along the con

6.7.2 Attnibutes and limitations

The metho
and it is de

| is often easy to set up and is relatively low cost. However, it is not as accurate as other meth
bendent on the assumed roughness coefficient. In some situations, it may be possible to detern

the roughness coefficient using another flow measurement method, e.g. current meter gauging.

6.7.3 Equ

Equipment
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6.7.4 Apg
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suitable for the measurement of water.levels in open channels is described in ISO 4373, to w
hould be made. The selection of a\suitable water level sensor will be dependent on site conditi
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The comments on water level monitoring €quipment relating to structures (see 6.3.5) also apply to the slgpe-
d.
lications
d is applicable indong, straight conduits where other methods of flow measurement are not viable

This metho
or where a
estimation.

6.7.5 Ung

The uncert

quick spot flow, estimate is required. The technique is often used for post-event flood peak

ertainties

low

eSS

pinty in the determination of flow is a function of physical conditions and how well the roughr

coefficient has been estimated. As already stated, the slope-area method is not as accurate as other methods
of flow determination. However, in closed conduits, provided the hydraulic conditions are acceptable, it should
be generally possible to estimate the discharge to an uncertainty (with a coverage factor of 2 and an
approximate confidence level of 95 %) of within 20 %.
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