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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 the right to be represented on that committee. International organizations, governmental and

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

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Star

h the

dards

adopted by the technical committees are circulated to the member bodies for votingx<Publication gs an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent

rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 4360 wgs prepared by Technical Committee ISO/TC 113, Hydrometry, Subcommittee SC 2,
measuremeny structures.

This third edifion cancels and replaces the second edition (ISO 4360:1984), of which it constitutes a ted
revision.

Flow

hnical
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INTERNATIONAL STANDARD 1ISO 4360:2008(E)

Hydrometry — Open channel flow measurement using
triangular profile weirs

1 Scope

This International Standard specifies methods for the measurement of the flow of water intopen channels
under|steady flow conditions using triangular profile weirs. The flow conditions consideréd,arg steady flows
which|are uniquely dependent on the upstream head and drowned flows which depend-on downstream as
well ag upstream levels.

2 Normative references
The fpllowing referenced documents are indispensable for the appli¢ation of this documept. For dated
references, only the edition cited applies. For undated referencesy the latest edition of the referenced
document (including any amendments) applies.

ISO 7y 2, Hydrometric determinations — Vocabulary and symbels

3 Tlerms and definitions

For the purposes of this document, the terms and.définitions given in ISO 772 apply.

4 Symbols

A m?2 area of appfoach channel

B m width of approach channel

b m breadth of weir crest perpendicular to flow direction

C discharge coefficient

Cy coefficient of discharge

C, coefficient of velocity

C.f combined coefficient of velocity

E m elevation of ultrasonic air range sensor above hydraulic datum

f drowned-flowreduection-factor

g m2/s acceleration due to gravity

H m total head relative to crest level

h m gauged head relative to crest level (upstream head is inferred if no subscript is used)
N number of measurements in a set

P m height of weir (difference between mean bed level and crest level)
(0] m3/s volumetric rate of flow

u( ) percentage uncertainty in parameter

v m/s mean velocity

U % expanded percentage uncertainty

© 1SO 2008 — All rights reserved 1
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Subscripts:

upstream

downstre

1
2
¢ combined
p

am

measured crest tapping head above crest level

5 Principle

The discharge over a triangular profile weir is a function of the upstream head on the weir (for free flow),
upstream and downstream head (for drowned flow), experimentally determined coefficients, the geometrical
properties of the weir and approach channel and the dynamic properties of the water.

6 Installa

6.1 Gener
The required

approach chg
which are ger

6.2 Select

A preliminary
conforms (or

Particular atte
a) availabilit

b) the existirn

c) the avoidance of a steep channel, if possible;

d) the effect

e) conditions
mill damg

f) the impefmeability of the.ground on which the structure is to be founded, and the necessity for

grouting
g) the neces

h) the stabili

tion
A
conditions regarding selection of site, installation conditions, the measuring structur

nnel, the downstream channel, maintenance, measurement of headand stilling or floaf
erally necessary for flow measurement are given in the following subr-clauses.

on of site

survey shall be made of the physical and hydraulic features of the proposed site, to check
can be made to conform) to the requirements necessary for accurate measurement by a wg

ntion should be paid to the following features in selecting the site:
of an adequate length of channel of regular Cross-section;

g velocity distribution;

5 of any increased upstreanm water level due to the measuring structure;

downstream including ‘such influences as tides, confluences with other streams, sluice
and other controlling features which might cause submerged flow;

br other means of controlling seepage;

sity forflood banks to confine the maximum discharge to the channel;

fyCof the banks, and the necessity for trimming and/or revetment in natural channels;

e, the
wells

that it
Bir.

L

gates,

piling,

i) the clearance of rocks or boulders from the bed of the approach channel;

j) the effect of wind; wind can have a considerable effect on the flow in a river or over a weir, especially
when these are wide and the head is small and when the prevailing wind is in a transverse direction.

If the site does not possess the characteristics necessary for satisfactory measurement, the site shall be
rejected unless suitable improvements are practicable.

If an inspection of the stream shows that the existing velocity distribution is regular, then it may be assumed
that the velocity distribution will remain satisfactory after the construction of a weir.

If the existing velocity distribution is irregular and no other site for a gauge is feasible, due consideration shall
be given to checking the distribution after the installation of the weir and to improving it if necessary.

© 1SO 2008 — All rights reserved
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Several methods are available for obtaining a more precise indication of irregular velocity distribution: velocity
rods, floats or concentrations of dye can be used in small channels, the latter being useful in checking
conditions at the bottom of the channel. A complete and quantitative assessment of velocity distribution may
be made by means of a current-meter or other point velocity measurements. Information about the use of
current-meters is given in ISO 748 [']. Further information on measuring river velocities using acoustic Doppler
profilers can be found in ISO/TS 24154 [31,

Figure 1 gives examples of satisfactory velocity distributions.

/77 N AN

=

0,8

NOTE The contours refer to values of local flow velocity relative tothe'mean cross-sectional velocity.

Figure 1 — Examples of satisfactory velocity distributions

6.3 |Installation conditions

6.3.1 | General

The ¢omplete measuring installation .consists of an approach channel, a measuring striicture and a
downgtream channel. The conditions*of each of these three components affect the overall aqcuracy of the
measiyirements.

Installption requirements include features such as the surface finish of the weir, the cross-sectipnal shape of
the channel, the channek roughness and the influence of control devices upstream or downgtream of the
gauging structure.

The djstribution-and direction of velocity have an important influence on the performance of the weir, these
factorg being_determined by the features mentioned above.

Once |an’installation has been installed, the user shall prevent any change which could affect the discharge
characteristics

6.3.2 Measuring structure

The structure shall be rigid and watertight and capable of withstanding flood flow conditions without distortion
or fracture. It shall be at right angles to the direction of flow and shall conform to the dimensions given in the
relevant clauses.

The weir comprises an upstream slope of 1 (vertical) to 2 (horizontal) and a downstream slope of 1 (vertical)
to 5 (horizontal). The intersection of these two surfaces forms a straight line crest, horizontal and at right
angles to the direction of flow in the approach channel. Particular attention shall be given to the crest itself,
which shall possess a well-defined corner of durable construction. The crest may be made of pre-formed
sections, carefully aligned and jointed, or may have a non-corrodible metal insert, as an alternative to in situ
construction throughout.

© 1SO 2008 — All rights reserved 3
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The dimensions of the weir and its abutments shall conform to the requirements indicated in Figure 2. Weir
blocks may be truncated but not so as to reduce their dimensions in plan to less than % for the 1:2 slope
and 2 4., for the 1:5 slope.

max
max

Figure 2 shows the general arrangement of the triangular profile weir.

6.3.3 Approach channel

On all installations, the flow in the approach channel shall be smooth, free from disturbance and shall have a
velocity distribution as satisfactory as possible over the cross-sectional area. This can usually be verified by
inspection or measurement. In the case of natural streams or rivers, this can only be attained by having a long
straight approach-channetHreefromprojectionsinto-theflow—Figuredgives-examples—ofsatisfacteryvelocity

distributions.

The following|general requirements shall be complied with.

a) As the altered flow conditions due to the construction of the weir might cause a build-up of shqals of
debris upstream of the structure, which in time might affect the flow conditions, the ‘likely conseqliential
changes n the water level shall be taken into account in the design of gauging statiens.

b) In an artificial channel, the cross-section shall be uniform and the channel(shall be straight for a Jength
equal to at least 5 times its water-surface width.

c) In a natyral stream or river, the cross-section shall be reasonably ‘uniform and the channel shall be
straight for a sufficient length to ensure a regular velocity distribution.

d) If the enfry to the approach channel is through a bend, or.if the flow is discharged into the channel
through & conduit or a channel of smaller cross-section,.or at an angle, then a longer length of sjraight
approach channel may be required to achieve a regular¥eélocity distribution.

e) Baffles shall not be installed closer to the points ofsmeasurement than a distance 10 times the maximum
head to Qe measured.

f) Under certain conditions, a standing wave may occur upstream of the gauging device, e.g. |if the
approach channel is steep. Provided-that this wave is at a distance of not less than 30 timg¢s the
maximunp head upstream, flow measurement is feasible, subject to confirmation that a regular velocity
distribution exists at the gauging station and that the Froude number in this section is no more thgn 0,6.
Ideally, hjgh Froude numbers_should be avoided for accurate flow measurement.

If a standing wave occurs~within this distance, the approach conditions and/or the gauging device shall be
modified.

4 © 1SO 2008 — All rights reserved
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1.5

Key
up
cr
g4
cr
i

a b WwN =

6.3.4

The c

"

stream head measurement

st tapping head measurement
uge wells

st tappings

it of truncated sections

Figure 2 — General arrangements of the triangular profile weir

Downstream channel

nannel downstream from the structure is usually of no importance as such if the weir has b

een designed

so thg

t the flow is modular (i.e. unaffected by tailwater level) under all operating conditions. A

downstream

gauge shall be provided to measure tailwater levels to determine if and when drowned flow occurs.

In the event of the possibility of scouring downstream, which phenomenon may also lead to the instability of
the structure, particular measures to prevent this happening may be necessary.

A crest tapping and separate stilling well shall be fitted if the weir is designed to operate in a drowned

condit

ion or if there is a possibility that the weir may drown in the future.

The latter circumstance may arise if the altered flow conditions due to the construction of the weir have the
effect of building up shoals of debris immediately downstream of the structure or if river works are carried out
downstream at a later date.

© 1SO 2008 — All rights reserved
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7 Maintenance

Maintenance of the measuring structure and the approach channel is important to secure accurate continuous
measurements.

The approach channel shall be kept free of silt, vegetation and obstructions which might have deleterious
effects on flow conditions specified for the standard installation. The float well and the entry from the approach
channel shall also be kept clean and free from deposits. The downstream channel shall be kept free of
obstructions which might cause the weir to drown.

The weir structure shall be kept clean and free from clinging debris and care shall be taken in the process of
cleaning to avoid damage to the weir crest.

ed for
all be

Head-measur
leakage. The
checked perid

ement piezometers, connecting conduits and stilling wells shall be cleaned and check
hook or point gauge, manometer, float or other instrument used to measure head sh
dically to ensure accuracy.

If a flow stra at the

percentage o

ghtener is used in the approach channel, perforated plates shall be kepiclean so th
ben area remains greater than 40 %.

8 Measufement of head(s)

8.1 General

Where spot njeasurements are required, the heads can be measured by vertical gauges, hooks, points,| wires

or tape gauggs. Where continuous records are required, recording.gauges shall be used.

NOTE As
reading of the |

the size of the weir and head reduces, small discrepancies in construction and in the zero setti
ead measuring device become of greater relative“importance.

hg and

8.2 Locatipn of head measurement(s)

8.2.1 Moduljar (free) flow
Flow is mody

tailwater total

lar when it is independent_of variations in tailwater level. This requirement is met whgn the
head is equal to or less_than 75 % of the upstream total head.
ficient

Piezometers or point-gauge stations for the measurement of head on the weir shall be located at a sulf

distance upst
close enough

feam from the weir'to avoid the region of surface drawdown. On the other hand, they sk
to the weir tg ensure that the energy loss between the section of measurement and the ¢

all be
ontrol

section on the weir shall»be negligible. In this International Standard, it is recommended that the |head-
measuremen{ section-shall be located at a distance equal to twice the maximum head (24,,,,,) upstream|of the
crest.

8.2.2 Drowned/flow

A significant error in the calculated discharge will develop if the tailwater total head above crest level exceeds
75 %, unless a crest tapping is provided and two independent head measurements are made.

The optimum position for the crest tapping is at the centre of the weir crest. The tapping may be off-centre on
weirs wider than 2,0 m provided that the distance from the centreline of the crest tapping to the nearest side

wall or pier is

8.3 Gauge

greater than 1,0 m.

wells

It is usual to measure the upstream head in a gauge well to reduce the effects of water surface irregularities.

NOTE 1

Devices for the measurement of head are described in 1SO 4373 [2].

© 1SO 2008 — All rights reserved
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Periodic checks on the measurement of the head in the approach channel shall be made.

Where the weir is designed to operate under drowned flow, a second measurement of head is required. For
accurate flow measurement, the head shall be measured within the separation pocket immediately
downstream of the crest. Alternatively, but with less precision, the head may be measured in the channel
downstream of the structure.

Gauge wells shall be vertical and of sufficient height and depth to cover the full range of water levels. In field
installations, they shall have a minimum height of 0,6 m above the maximum water levels expected. Gauge
wells shall be connected to the appropriate head measurement positions by means of pipes.

Both

e well and the connecting pipe shall be watertight. Where the well is provided for the a

commodation

of the
The p

Pipe ¢
with,

shall k
the pi
with a
of the

silt are likely to be present.

float of a level recorder, it shall be of adequate size and depth.
pe shall have its invert not less than 0,10 m below the lowest level to be gauged.

onnections to the upstream and downstream head measurement positions Shall termina
br at right angles to, the boundary of the approach and downstream channéls. The char
e plain and smooth (equivalent to carefully finished concrete) within a distance 10 times th
pes from the centre line of the connection. The pipes may be oblique to the wall only if

removable cap or plate, set flush with the wall, through which a number of holes are drillg
5e holes shall not be rounded or burred. Perforated cover plates-are not recommended w

e either flush
nel boundary
e diameter of
hey are fitted
d. The edges
here weed or

The sjatic head at the separation pocket behind the crest of the,weir shall be transmitted to its gauge well as

follows.

a) An array of tapping holes shall be set into a plate covering a cavity in the crest of the weir blpck.

b) The underside of the plate shall be supported-on a manifold into which the static head is gommunicated
via an array of feed tubes.

NOTE|2 No firm rule can be laid down for-determining the size of the connecting pipe to the upstrean well, because

this is [dependent on a particular installation,~e.g. whether the site is exposed and thus subject to waves,|and whether a

larger fliameter well is required to house the floats of recorders.

c) A horizontal conduit shall Iead“from the cavity through the weir block beneath the crest and ferminating at
the gauge well.

d) Alflexible transmission tube shall communicate static head within the manifold to the gauge well.

e) Al watertight seal"around the transmission tube shall prevent static head within the cavity frgm influencing
the static head transmitted from within the manifold.

NOTE[3 « This may be at a different pressure because of leakage around the perimeter of the cover plate

Thes allallyclllcuto mintmize-the-oceurrenceof a;:t;lly withinthe-communication path betweenthe separation

pocket and the gauge well and allow effective purging of the pipework by the occasional backflushing of the
system. For this purpose, a volume of water shall periodically be introduced to the gauge well.

Figure 3 shows the general arrangement for the crest tapping installation.

The crest tapping shall consist of five to ten holes of 10 mm diameter drilled in the weir block with centres
75 mm apart, 20 mm down from the weir crest on the 1:5 slope. The edges of the holes shall not be rounded
or burred. The number of holes shall be sufficient to ensure that the water level in the stilling well follows
variations in crest separation pocket pressure without significant delay.

Adequate additional depth shall be provided in wells to avoid the danger of floats (if used) grounding either on
the bottom or on any accumulation of silt or debris.

© 1SO 2008 — All rights reserved
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The gauge well arrangement may include an intermediate chamber of similar size and proportions to the
approach channel, to enable silt and other debris to settle out where it may be readily seen and removed.

The diameter of the connecting pipe or width of slot to the upstream well shall be sufficient to permit the water
level in the well to follow the rise and fall of head without appreciable delay. Care should be taken however not
to oversize the pipe, in order to ensure ease of maintenance and to damp out any oscillations due to short
period waves.

i X
QQS?&/JS?@S_XD X
4 3 2
a) Side view (in direction of flow) b)Side view (normal to flow)
7/’70 3 ©
o Q o -

2

-1
Q

c) View of tappings from underneath the weir

Key
crest tappings

feed tubes communicating crest head to the manifold (some shown as single lines only)

manifold [section in view b)]

cavity in the crest of the weir block

conduit leading to a gauge well

transmission tube (other end sealed within the conduit but communicating head in the manifold to the gauge well)
holes for screw-mounting the crest plate onto the weir block

N o b ON -~

Figure 3 — General arrangement for the crest tapping installation

8 © 1SO 2008 — All rights reserved
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8.4 Zero setting

Accurate initial setting of the zeros of the head measuring devices with reference to the level of the crest, and
subsequent regular checking of these settings, is essential.

An accurate means of checking the zero at frequent intervals shall be provided. Benchmarks, in the form of
horizontal metal plates, shall be set up on the top of the vertical side walls and in the gauge wells. These shall
be accurately levelled to ensure their elevation relative to crest level is known.

NOTE Instrument zeros can be checked relative to these benchmarks without the necessity of resurveying the crest
each time. Any settlement of the structure may, however, affect the relationships between crest and benchmark levels and
it is advisable to make occasional checks on these relationships.

A zercl; check based on the water level (either when the flow ceases or just begins) is sus¢eptible to serious
errors|due to surface tension effects and shall not be used.

The cfest elevation shall be measured with respect to benchmarks at regular intervals across the breadth of
the weir with not less than ten measurements in total. The mean of these crest elevation measdrements shall
be use¢d to define the gauge zero.

9 Discharge characteristics
9.1 |[Equations of discharge

9.1.1 | Modular (free) flow

In terms of total head, the basic discharge equation for a triangular profile weir operating unden modular flow
condifjons is:

3
2

B=CyJe b H (1)

The tqtal head, H, is given by the expression:
-2

v
 =h+—— 2
7% (2)

N

The tqtal head equation is solved by iteration. An initial assumption is made that # = 4 and an initial value of O
is computed. The velecCity of approach, v, is then computed from values of Q and 4, the cross-se¢tional area of
the approach chafinel. Equation (2) then provides a refined value of H. This process is nepeated until
succepsive values of H are within the bounds of accuracy required.

Alterngtively, the discharge modular flow equation may be expressed in terms of gauged head by introducing
a coefficient of \/plnr‘ity r‘lnpnnr‘lnn’r upon the weir and flow gpnmptripe'

3
2

0=CyCy g bh (3)

where C, is the coefficient allowing for the effect of approach velocity (HIh)32 (non-dimensional).

© 1SO 2008 — All rights reserved 9
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9.1.2 Drowned flow

In terms of total head, the basic discharge equation for a triangular profile weir operating under drowned flow

conditions is:

0=CyfgbH

where f'is the

3
2

drowned flow reduction factor (non-dimensional).

(4)

Alternatively, the drowned flow discharge equation may be expressed in terms of gauged head by introducing
a coefficient of velocity dependent upon the weir and flow geometries:

3
0=CyClfg bh2?
9.2 Coeffigients
9.21 Coefficient of discharge, C

The value of 1

Cq is almost j
given by the f|

Cy4=06

where £ is in metres. For practical purposes, C4 can be set equal to 0,633 for 7 > 0,1 m.

9.2.2 Coefficient of velocity, C,

The coefficien
the approach

9.2.3 Comblined coefficient of velocity, C, f

The combine
measured cre
0,20 and the
values of C,, f

9.3 Limita

he coefficient of discharge, Cy, is 0,633 (non-dimensional).

ndependent of i, except at very low heads when fluid propérties influence the coefficient
bllowing equation:

3
33(1_0,020 3]2

t of velocity, C,, for the modular flow equation is obtained from Figure 4 where 4 is the 4
channel.

d coefficient C, ffor the drowned flow equation is obtained from Figure 5 where #

st tapping head\above crest level. Under modular flow conditions, the value of 4 /A is cons
value of f'ist1,00. Hence, under these conditions, values of C, f read from Figure 5 coincid
om Figure 4.

lions

®)

Cyis

(6)

rea of

is the
tant at
e with

The following
h > 0,03
h > 0,06

»>0,06

general limitations are recommended:
m (for a crest section of smooth metal or equivalent);
m (for a crest section of fine concrete or equivalent);

m;

b>0,1m;

hip < 4,5

blh <2,0

10

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=908b0aef80e24fb7dfab45e8f655a509

ISO 4360:2008(E)

YA
0,25 0,30 0,35 0,40 0,45 0,50
1,25 7
//
4
//
1,20 l/
/
)4
/
1,15 2/2 ,/
3 3 C4bhlA 20,25 /
v
///
/| -
1,10 g
///
/
//
1
1,05 v
//
2 2 1
3V 3CyubhlA<0,25 ]
//
////,
1,00 — T -
0,00 0,05 0,10 0,15 0,20 0J25 X
Key
x 2|[2c0h
3IV3 A
Y C
. _ . . bh
Figure 4 — Coefficient of velocity, C,, in terms of C v
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Figure 5 — Combined coefficient of velocity, C, 1, in terms of — and Cd7
p
10 Uncertainties of flow measurement
10.1 General
10.1.1 This ¢lause provides information for the user of this International Standard to state the uncertainty of a

measurement of discharge.

NOTE In accordance with former practice in hydrometry the expression for uncertainty is continued to be expressed
at the 95 % confidence limit for the discharge coefficient and the determined flow rate.

The Guide to the expression of uncertainty in measurement (referred to hereafter as the GUM) [4] and ISO/TS 25377
(referred to hereafter as the HUG)®! operate using standard uncertainties (i.e. at the 68 % confidence limit). However, the
HUG requires final resultant uncertainty of measurement to be expressed at the 95 % confidence limit. Some components
of uncertainty are expressed at the 95 % limit, i.e. ug5(Cy) while others are standard uncertainties, i.e. those derived from
Type A and Type B methods (see A.5 and A.6). Before these can be combined, those at the 95 % limit must be converted
to the 68 % confidence limit by dividing them by the coverage factor, . Having so combined these components to
determine the standard uncertainty, this result is now multiplied by the coverage factor (k = 2) to express uncertainty at the
95 % confidence limit.
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10.1.2 Annex A is an introduction to measurement uncertainty. It provides supporting information based on
the GUM and the HUG.

10.1.3 A measurement result comprises:

i) an estimate of the measured value, with
i) a statement of the uncertainty of the measurement.

10.1.4 A statement of the uncertainty of a flow measurement in a channel has four separate components of
uncertainty:

i)  uncertainty of the measurement of head in the channel
i) uncertainty of the dimensions of the structure

iii) uncertainty of the discharge coefficient stated in this International-Standard fr¢m laboratory
calibration of the flow structure being considered

iv) uncertainty of channel velocity distribution related to the velocityCoefficient, C,.

This Glause does not accommodate component iv). It is assumed thatthe channel hydraulics ar¢ substantially
equivalent to those existing in the calibration facility at the time ofiderivation of component iii)|as defined in
6.3.2.

10.1.8 The estimation of measurement uncertainty associated with items i) and ii) of 10.1.3 |s provided in
AnneX B.

Valueg taken from Annex B are used in the examplgZin Clause 11. These values are for illustrgtive purposes
only, they should not be interpreted as norms of ‘performance for the types of equipment listefl. In practice,
uncerfainty estimates should be taken from test certificates for the equipment, preferably obfained from a
laborgtory with accreditation to ISO/IEC 17025171,

10.2 [Combining measurement uncertainties
See (lause A.7.

The proportion in which each-flow equation parameter contributes to flow measurement uncertainty, U(Q), is
derivgd by analytical solution using partial differentials of the discharge equation.
The general equation-of discharge for modular and for drowned flow is Equation (5):
3

2

Q:Cdef\/gbh

wherd /=1 for modular flow conditions.

The effect on the value Q due to small dispersions of and is ACy, AC,, (or AC, 1), Ab and Ahy is:

AQ:a—QAC+8—QAb+a—QAh1 (7)
oC ob Ohy

Note that the quantities AC,, or AC, f are assumed to be determined without error from Figure 4 and from

Figure 5 respectively. The partial derivatives are the sensitivity coefficients of Clause A.7 that relate to the

discharge equation. AQ is the resultant dispersion of Q. Evaluating the partial differentials and using

Equation (3), the relationship can be written:
& — A_C + A_b + 1,5A_h1

0 C b hy ©)
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It is customary to present these steps in tabular form with one row for each source and a column for each of
the items a) to c) above.

The table may include, where appropriate, the critical thinking behind the subjective allocation of uncertainty to
the quantities » and 4. This section of the table may be replicated for a range of values of 4, to determine a
relationship between U (Q)and ;.
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11 Example

11.1 General

In presenting examples, the equations given in Clause 10 define the relationship between the parameters
which determine flow rate.

Uncertainty of the discharge coefficient is a fundamental uncertainty and is defined by Equation (10). To
determine the overall uncertainty of flow measurement, practical estimations must be made of the head
measurement uncertainty and the uncertainty of the measurement of physical dimensions.

Annex-A—provides—a—ecensistent—ramework—for—evaldating—these—unecertainrties—for—the—esemmonly used

measlirement techniques.

One such technique is selected in 11.3 for the example that follows.

11.2 |Characteristics — Gauging structure

The ekample relates to modular flow conditions, therefore:
JE1

The cfest height p above the bed of the approach channel is 0,060,m/with no measurable variation along the
crest.|The width of the weir crest varies from a minimum value _of 0,149 m to a maximum at|[0,151 m. The
approfach channel is assumed to be of the same width as the mean width of the weir (0,150 m).

11.3 |[Characteristics — Gauged head instrumentation

In this| example, an air range ultrasonic sensor is used‘to determine the head.

i) The sensor is fixed at an elevationof 0,340 m above the hydraulic datum (the mean level of the
weir crest). The datum procedure determines that the elevation is between 0,340 5m and
0,349 6 m. Referring to Annex B, the relative datum uncertainty, assuming| a triangular
probability distribution is:

u(E) = 0,000 4 pm:

ii) The sonic rangefrom the sensor to the water surface is the primary measurement ¢f the sensors.
The range valug'is 0,140 m.

The r¢sultant head nieasurement is therefore # = 0,200 m.

From [Table C.4{'in'the HUG:2007, the uncertainty of head measurement stated as a percent of|range is 1 %.
This i$ 1 % atithe 95 % confidence limit and equates to 0,5 % as a standard uncertainty.

This gquates to 0,007 m.

The combined head measurement uncertainty is therefore:

u(h)= \/(0,000 42+0,007%) m
u(h)=00008 m

or expressed as a percentage of 2 = 0,200 m
u (h)=0,403 %

If the crest is liable to accumulate algal or other growth, the uncertainty value of head measurement shall be
increased accordingly.
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11.4 Discharge coefficient

The value of the discharge coefficient for head values over 0,100 m, refer to 9.2.1, is C4 =0,633.

11.5 Discharge calculation

The flow rate is calculated from Equation (3):

3
0=CyC, g bh2

with a value of C, derived by iteration or with reference to Figure 4 and with:

bh |, h
Co—=¢a

=0,487
A h+p

From which ¢, = 1,329

Applying thesk values to Equation (3):
3
2
0=0,63Bx1329x,/g x0,150x(0,2)
0=0,03p 3m3/s
11.6 Uncertainty statement
11.6.1 From|Equation (10), the value for uncertainty of\the discharge coefficient is:
ugs (Cy)|= (10x1,329) -9 = 4,29 %
with a coyerage factor at k = 2
ugs (Cq) =2,145%

11.6.2 From|Equation (A.4)/the’value of uncertainty of the width of the weir may be written:

1 .(Maximum width — Minimum widthj
b

u(b):\—/ 5

1.-70,151-0,149)

CEET

u(b)=0,000 41 m

or

*

u*(b) = 0,000 41
0,150

u (b)=0,27%
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11.6.3 The combined uncertainty value is determined from Equation (9):

ui (0) = \/u (Co)? +u (5) +[15u" (4)]”

ug (0)= (2,145 +0,272 +(1,5x0,403)?

ue(0)=2,24%

ISO 4360:2008(E)

oL ||Qing a coverage factor k=2

Ué (0) =4,49 % at the 95 % level of confidence.

11.6.4 The statement of discharge is therefore:

— tHe flow rate is 0,035 3 m3/s,

— wjith an uncertainty of 4,48 % at the 95 % level of confidence with a coverage factor of £ = 2.

11.6.8 An uncertainty budget for the example is given in Table 1.

Table 1 — Uncertainty budget for the example

Type/Evaluation \Z\Il::e cii';:::::tys Comment
u*(Cq) B/ Normal 2,145% 1,0 From laboratory tests
u*(b) B/ Triangular 0,27 % 1,0 Using A.6.2
u(E) B/ Triangular 0,0004 m From Table B.1

u(h) B/ Manufact 0,5 % of range From Table B.1
u*(h) Combined 0,403 % 1,5 From 11.3
Uy (0) Cémbined 2,24 % — Using Equation (9)

© 1SO 2008 — All rights reserved
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Annex A
(informative)

Introduction to measurement uncertainty

A.1 General

Results of mgasurements or analysis cannot be exact. The discrepancy between the true value, awhich is
unknowable, jand the measured value is the measurement error. The concept of uncertainty js\a Way of

expressing thjs lack of knowledge. For example, if water is controlled to flow at a constant raté) then
meter will exinibit a spread of measurements about a mean value. If attention is not given.toythe un

a flow
gertain

nature of datg, incorrect decisions can be made which have financial or judicial consequences. A rgalistic

statement of Wincertainty enhances the information, making it more useful.

The uncertairlty of a measurement represents a dispersion of values that could be attributed to it. Stajistical

methods provjde objective values based on the application of theory.
Standard uncertainty is defined as:
Standard uncertainty equates to a dispersion of measurements expressed as a standard deviation.

From this definition, uncertainty can be readily calculated for a set©fset of measurements.

=
LIS N S B S N S B B S N B B B B B B

Key

X flow value
Y probability

Figure A.1 — Pictorial representation of some uncertainty parameters
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Figure A.1 (continued)

Figure A.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 A.1 b) shows sampled flow measurements, in the form of a histogram.
Figure A.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).
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A.2 Confidence limits and coverage factors

For a normal probability distribution, analysis shows that 68 % of a large set of measurements lie 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
which will cover a larger portion of the measurements: for example at a 95 % level of confidence (see
Figure A.4). This is done by applying a factor, the coverage factor k, to the computed value of standard
uncertainty.

For a normal probablllty dlstrlbutlon 95,45 % (effectlvely 95 %) of the measurements are covered for a value
of k = 2. Thusuhes confidence-is-twice-the

In practice, measurement variances rarely follow closely the normal probability distribution. They.

better repres
approximate {

So a probabil
such models

However, the
consistency o

A.3 Randd

The terms “ra
i)
ii)

A difficulty w
knowledge of|
error either by
systematic er

For this reasd
Generally, wh
random and
the systemati

A.4 Measu

ented by triangular,
o the normal distribution.

ty distribution must be selected to model the observed variances. To express the uncerta

same coverage factor, k = 2, is used for all models. This simplifies the\procedure while en
f application within tolerable limits.

m and systematic error
hdom” and “systematic” have been applied in hydrométric standards to distinguish betweer
random error that represent an inherent dispersion’of values under steady conditions, and

systematic errors that are associated with-inherent limitations of the means of determini
measured quantity.

th the concept of systematic error is that systematic error cannot be determined withol
true values. If its existence isknown or suspected, then steps must be taken to minimize
recalibration of equipment,orby reversing its effect in the calculation procedure. At which
or contributes to uncertainty-in the same way as random components of uncertainty.

n, the GUM does not distinguish between the treatment of random and systematic uncerta
en determining a-single discharge, random errors dominate and there is no need to se
ystematic errors)However, where (say) totalized volume is established over a long timg
C errors, evenywhen reduced, can remain dominant in the estimation of uncertainty.

rement standards

rectangular or bimodal probability distributions and only| Someti

nty of

bt the 95 % confidence limit requires a coverage factor that represents 95.% of the observations.

suring

g the

t pre-
e such
point,

inties.
barate
base

The GUM an

d the AUG provide rules T1or the application of the principles O measurement uncertal

ty: 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.

The components of uncertainty are characterized by estimates of standard deviations. There are two methods
of estimation.

a) Type-A estimation (by statistical analysis of repeated measurements from which an equivalent standard
deviation is derived)
This process may be automated in real-time for depth or for velocity measurement.
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b) Type-B estimation (by ascribing a probability distribution to the measurement process)
This is applicable to
1) human judgement of a manual measurement (distance or weight),
2) manual readings taken from instrumentation (manufacturer’s statement), or

3) calibration data (from manufacturer).

wheaial
uriverudairily

Defingd in A.1, the term “standard uncertainty” equates to a dispersion of measuremghts-expressed as a
rd deviation. Thus, any single measurement of a set of » measurements.-has by|definition an
uncerfainty:

u(x)zte\/ L i(xi—)_c)z (A1)

wherqg x , the “best estimate”, is the mean value:

=1

|

I
—_
X

+

=
N

+

..... x,) (A2)

and ¢ is a factor derived from statistical theory to acceunt for the increased uncertainty when small numbers
of megasurements are available; refer to Table A.1.

If, instead of a single measurement from the set, the uncertainty is to apply to the mean of all » vglues, then:

s

5= \/ TS (%) (A3)

n—1l.:1

For cgntinuous measurement, Type-A evaluations may be derived as a continuous variable from the primary
measyirement, i.e. from water level or water velocity.
By taKing average values over large numbers, n, of measurements, the uncertainty of the meanj|value u(x) is
reduced by a factor of% compared to the uncertainty u(x)of an individual measurement. For this reason,

n

monitpring 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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Table A.1 —, factors at 90 %, 95 % and 99 % confidence levels

Confidence level %

Degrees of freedom| 90 95 99
1 6,31 | 12,71 | 63,66

2 2,92 | 4,30 | 9,92
3 235 | 3,18 | 5,84
4 213 | 2,78 | 4,60
5 2,02 | 2,57 | 4,03
10 1,81 | 2,23 | 3,17
15 1,75 | 2,13 | 2,95
20 1,72 | 2,09 | 2,85
25 1,71 | 2,06 | 2,79
30 1,70 | 2,04 | 2,75
40 1,68 | 2,02 | 2,70
60 1,67 | 2,00 | 2,66
100 1,66 | 1,98 | 2,63
infinite 1,64 | 1,96 (2,568

A.6 Evaluation of Type-B uncertainty

A.6.1 Gene

When there i
available, the

i)

i)
ii)

The Type-B n

ral

Histribution.

standard devi

ation.

Hefine upper and.lowers bounds of the measurement; and then

5 N0 access to a continuous stream’ of measured data or if a large set of measurements|is not
n the Type-B method of estimation is used to:

Bssign a probability distribution to the measurement process to represent the probability of the
frue value being repreSented by any single measured value;

Hetermine a standard uncertainty from a standard deviation implied by the assigned prohability

nethiods allow estimates of upper and lower bounding values to be used to derive the equivalent

Four probability distributions are described in the GUM and in A.6.2 to A.6.5.

A.6.2 Triangular distribution

The triangular distribution is represented in Figure A.2.

22
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Figure A.2 — Triangular distribution
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A.6.3

The re

S

This
(i.e. th

(xmean) _ %(xmax 2_ *min j

sually applies to manual measurements where the mean value is most-ikely to be clog
than others between the discernible upper and lower limits of the measgrement.

Rectangular distribution

ctangular distribution is represented in Figure A.3.

} Py

U(X,‘) = a,'/\/g

-a; ta;

Figure A.3 — Rectangular distribution

1 [x — Xpni
(xmean):ﬁ[ max2 m|nj

probabifity’ distribution is usually applied to the resolution limit of the measurement in
e displayed resolution or the resolution of internal analogue/digital converters).

(A.4)

er to the true

(A.5)

strumentation

However, this is not the only source of uncertainty of measurement equipment. There may be uncertainty
arising from the measurement algorithm used and/or from the calibration process.

If the equipment measures relative values, then there will also be uncertainty in the determination of its datum.

A.6.4

Normal probability distribution

The normal probability distribution is represented in Figure A.4.
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