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Foreword
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Hydrometry — Liquid flow measurement using end depth
method in channels with a free overfall

1 Scope

This document specifies amethod for the estimation of the sub-critical flow of clear water in a smooth,
essentially horizontal channel (or a gently sloping channel), abruptly discontinued at bottom by a
hydraulic structure, with avertical drop and discharging freely. Such an overfall forms a control section
and offers ameans for the estimation of flow using the end depth measurement method. A wide variety
of channel cross-sections with overfall have been studied, but only those which have received general
acceptance after adequate research and testing, and therefore do not require in situ calibration, are
considered. This document covers channelswith the following types of cross-sections:

a) rectangular with confined and unconfined nappe;
b) trapezoidal;

¢) triangular;

d) circular;

€) parabalic.

Theflow atthe brinkiscurvilinear; therefore, the measured depth atthe drop is not equal to thecritical
depth as computed by the principle based on assumption of parallel flow. However, the end depth and
the critical depth (asin the case of the assumption of parallel flow) have unique relation, which is used
to estimate the flow through these structures.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO772,Hydrometry? \Vocabulary and symbols

3 Terms and definitions
For the purposes of this document, the terms and definitions given in 1ISO772 apply.
ISOand IECmaintain terminological databases for usein standardization at the following addresses:

— |ECElectropedia: available at http://w ww.electropedia.or g/

— 1SOOnline browsing platform: available at https:// www.iso.or g/ obp


http://www.electropedia.org/
https://www.iso.org/obp
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4 Symbols and abbreviated terms

Symbol Unit Definition

A m?2 area of approach channel

2a m semi-latusrectum of parabola

Ac m2 areaof flow at critical depth

b m width of rectangular channel

C — coefficient of discharge

d m diameter of thecircle

he m end depth correspondingto the maximum anticipated discharge

z — side slope 1 vertical to z horizontal
m3/s total discharge

mi m top width of flow

D¢ m critical depth

De m enddepth

| radian apex angles subtended by thetop width of flow at the centre of the circle
radian semi-vertex angle of triangular channel

5 Principle

The un-submerged flow at an abrupt end of along channel can be referred to as free overfall. In many
cases, the measurement of flow depth at the free overfall is possible and could be used for discharge
estimation. Suwch adischarge measurement method does not generally requir e any obtrusive structure
to be built. Many available overfall structures constructed for other reasons could also be used for the
discharge measurement with minor modifications.

There is a unique relationship between the flow discharge and the critical depth in an open channel.
Theratio of end depth to the critical depth (EDR) established theoretically and verified experimentally
offers an easy method to measure the dischargeusing end depth method.

6 Installation

6.1 General

General requirements of overfall discharge measurement installation are described in the following
clauses. oecial requirements of different typesare described in clauses which deal with specifictypes.

6.2 Selection of site

A preliminary survey shall be made of the physical and hydraulic features of the proposed site to check
that it conforms (or may be made to conform) to the requirements necessary for measurement by
the end depth method. The potential application of this method of flow measurement is at proposed
or existing water and waste water treatment plants, where flumes and channels form part of such
installations. The discharge measurement using end depth can be installed on existing flumes and
channels after verification that they conform to the requirements necessary for measurement by the
end depth method or they can be modified to make them conform to the requirements. Particular
attention should be paid to the following features in selecting the site and ensuring the necessary flow
conditions.

a) Anadequatestraight length (atleast 20he, whereheistheend depth correspondingto the maximum
dischargeanticipated) of channel of regular cross-section should be available upstream of the drop.
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b) The flow in the approach channel shall be uniform and steady, with the velocity distribution
approximating that in a channel of sufficient length to develop satisfactory flow in smooth, straight
channels. Baffles and flow straighteners can be used to simulate satisfactory velocity distribution,
but their location with respect to the measuring section shall be not less than the minimum length
prescribed for the approach channel.

C) The channel bottom should be horizontal. Gentle positive slopes not greater than 1 in 2 000 are
admissible; the flow shall be sub-critical, practically uniform upstream of the drop, and the water
surface shall be relatively stable and free from perturbations ateven during low velocities.

d) The side walls, as well as the bottom, shall be smooth as far as possible (in this document, a
smooth surface shall correspond to aneat cement finish). The finish of the structure shall be well
maintained; changesin wall roughness due to various forms of deposition will changethe discharge
relationship.

€) Theend (face) of channel shall be normal toitslongitudinal centre line and water shall be allowed
tofall freely beyond this point.

f) Inthe case of a confined nappe, the downstream side walls shall be extended to a distance not less
than six times the maximum end depth.

g) Inthecaseof unconfined nappe,the sidewallsshall end at the drop and nappe should be completely
free at the sidesto permit unrestricted spreading.

h) The nappe bottom shall be fully aerated in all the cases.

7 Measurement of end depth

7.1 General

The end depth is computed by deducting the bed level (gauge datum) from water surface level, both
measured atthe end or at the fall. The depth shall be measured exactly atthe end (drop) of the channel.
The flow at the drop is fully curvilinear and any small error in the location of the gauge will result in
largeerror in measurement of discharge.

7.2 Head measuring devices

The water surface atthe fall or end may be measured using a point gauge or other suitable measuring
device. The pointer shall be atthe centre of the channel width. The use of hook gauge or any other
measuring device requiring insertion inside water is not advised and is discouraged. The flow would
drag the pointer and displace it away from the point of measurement or the pointer will vibrate leading
to inaccurate measurement. The device selected should not disturb the flow conditions at the free fall .
Sillingwell or float well cannot be used for the measurement of the end depth.

7.3 Gauge datum

Accuracy of end depth measurement is critically dependent upon the deter mination of the gauge datum
or gauge zero, which is defined as the gauge reading corresponding to the channel bed (bottom) at
the end (drop) in case of rectangular or trapezoidal channels, or the lowest point of the triangular or
circular channel at the end (drop).

8 Maintenance

8.1 General

Maintenance of the drop structureis necessary to achieve the accuracy in measurement. The approach
channel shall be kept free of silt, vegetation and obstructions which might have deleterious effects

5
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on the flow conditions specified for the standard installation. The downstream channel shall be kept
free of obstructions which might cause submergence or inhibit full ventilation of the nappe under all
conditions of flow.

The drop structure shall be kept clean. In the process of cleaning, care shall be taken to avoid damage
to the surface of the drop structure, particularly brink edge and upstream bed and side surface. The
head measuring devices like point gauge shall be checked periodically to ensure accuracy.

Dimensionsin millimetres
1to0 2

*H‘i
$
&

A

N

Key
1 downstreamface

Figure 1 — Drop edge of overfall

The drop edge shall be sharp at its intersection without any burrs. To ensure that the brink edge and
sides are sharp, amachined metallic rim could be fitted at the end of the channel. The thickness of the
metallic rim should be uniform and it should be between 1 mm and 2 mm along the flow. The metallic
rim shall be fitted flush with the vertical face of the overfall structure to ensure that no gaps exist
between the rim and the channel. The downstream edges of the metallic rim shall be chamfered if the
rim plateisthicker than the maximum allowable width along the flow. The surface of the chamfer shall
make an angle of not less than 1/ 4 radians (45°) with a line extending along the horizontal channel
bed or side surfaces of the fall (see detail, Figure 1). The metallic rim shall be made of corrosion-
resistant metal; but if it is not, all the smooth surfaces and sharp edges shall be kept coated with athin,
protective film (for example, oil, wax, silicone) applied with a oft cloth. If a flow straightener isused in
the approach channel, perforated plates shall be kept clean so that the percentage open area remains
greater than 40 %.

8.2 Types

The free overfall structures in rectangular channels are further classfied into two types: confined
nappe and unconfined nappe.

The confined nappe is the jet formed by the flow where the guide walls of the structure extend to at
least six timesthe end depth at maximum flow beyond the brink edge and where the bottom of nappeis
sufficiently ventilated to ensure a@mospheric presaure below the nappe (see Figure 2).
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Key

1 aeration holein sidewall 5 flow

2 nappe width sameaschannel 6 overfall at the end of the channel
3 horizontal bottom 7 fall

4  point of measuement exactly at the dop 8 tail water level (TWL)

Figure 2 — Rectangular channel with confined nappe (bottom nappe aerated)

The unconfined nappe is the jet formed by the flow where the guide walls of the structure end at the
edgeof the drop structure and permit free lateral expansion of flow and where the nappe is sufficiently
ventilated to ensure atmospheric pressure below the nappe (see Figure 3).

8
7
Key
1 horizontal bottom 5 flow
2 overfall (at the end of channel) 6 tail water level
3 two alternative forms of nappe 7 fall
4  point of measuement exactly at the dop 8 nappe

Figure 3 — Rectangular channel with unconfined nappe

8.3 Specifications for the drop structure

The basic overfall structure consists of an abrupt drop or discontinuity in the bed at the end of a
rectangular channel. The overfall shall be plane, rigid and perpendicular to the walls and the floor of
the approach channel. The surface finish along the bed and sides shall be the same until the drop. The
side walls of the rectangular channel shall be parallel to each other and the distance between them
(width of channel) shall be the same for the specified length of the channel. The brink (overfall edge)

7
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line shall be horizontal and per pendicular to the longitudinal axis of the rectangular channel.
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8.4 Specifications for installation

The specifications stated in 6.2 shall apply. In general, the overfall structure used for end depth
discharge measurement shall be located in a straight, horizontal, rectangular approach channel. The
full width of the approach channel shall be used asthe drop structure. The flow in the approach channel
shall be uniform and steady, as specified in 6.2.

8.5 Determination of gauge zero

The hook gaugeis lowered to the edge of the channel and itsreadingis recorded. The reading taken at
any point over the width shall be same.

8.6 Discharge relationship
In terms of end depth, the basic discharge formulafor arectangular overfall is given by Formula (1):

Q=g Df/z )

where

Q isthetotal dischargeexpressed in cubic metres per second (m3/s);

C isthe dfective coefficient of dischargefor subcritical flow in the upstream channel;
b isthewidth of the channel expressed in m;

g isthegravitational acceleration (standard value) expressed in m/ s2;

D istheend depth exactly atthe overfall, measured atthe centre of the edgewidth.
8.7 Coefficient of discharge

8.7.1 Confined nappe

The coefficient of discharge Cfor horizontal channel with confined nappe on the sides and aerated
bottom is given by

C=1,6542

8.7.2 Unconfined nappe

The coefficient of discharge Cfor horizontal channel with unconfined nappe and aerated bottom is
given by

C=1,70642

8.8 Practical limitations

For the application of method, the following limitations shall apply.

— The vertical distance from channel bottom to the downstream water surface shall be greater
than 0,6he.

— Theend depth (Dg) shall be greater than 0,04 m.
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8.9 Uncertainty of measurement

The overall uncertainty of flow measurement by this method depends on the uncertainty of the depth
measurement, of the measurement of width of the channel and of the coefficient of discharge.

With reasonable care and skill in the construction and installation of the structure, thetolerancein the
coefficient of dischargefor horizontal channel may be of the order of 2 %.

The method by which the errorsin the coefficient shall be combined with other sources of error isgiven
in Jause 13.

9 Triangular channel drop structure

9.1 Specifications for the drop structure

The triangular channel drop structure consists of a V-shaped horizontal channel with abrupt
discontinuity leading to overfall of the jet issuing out of the channel as shown in Figure 4. The drop face
shall be plane, rigid and perpendicular to the floor of the channel. The downstream face of the channel
shall be smooth.

The bisector of triangular channel and the drop structure shall be vertical and equidistant from thetwo
sides of the channel. The triangle formed by the flow cross-section shall always be a vertical isosceles
triangle.

9.2 Specifications for installation

Figure 4 — Triangular channel overfall

The specifications stated in 6.2 shall apply. In general, the overfall structure used for end depth
discharge measurement shall be located in a straight, horizontal, triangular approach channel. Thef
low in the approach channel shall be uniform and steady, as specified in 6.2.

9.3 Specifications for head measurement

9.3.1 General

The conditions specified in ause 7 shall apply.

9.3.2 Determination of channel angle

Precise head measurements for triangular channel drop structure requir e that the vertex angle (angle
included between sides of the channel) be measured accurately. One of the satisfactory methods is
described as follows.

Two true disks of different, micrometered diameters are placed in the triangular channel at the brink
with their edgestangent to the sides of the triangle.

10



SAUDI STANDARD SASO I1SO 18481:201¢

The vertical distance between the centres (or two corresponding edges) of the two disks is measured
with amicrometrecaliper.

The vertex angle, a, is twice the angle whose sine is equal to the differences between the radii of the
disksdivided by the distance between the centres of the disks.

9.3.3 Determination of gauge zero

The head-gauge datum or gauge zero shall be determined with great care, and it shall be checked when
necessary. The pointer gauge mounted vertically over the vertex of the triangular channel at the brink
shall be lowered until it just touches the vertex and the reading of the gaugeis recorded as gauge zero.
This can also be done by marking a horizontal line passing through the vertex extending on either side
of the vertex. The pointer gaugereading, when it touches the horizontal line passing through the vertex,
istaken as zero.

9.4 Discharge formula — Unconfined

Recommended dischargefor mulafor triangular channel drop structure for semi-vertex angle between
25°to 45° isgiven by Formula (2):

Q=1,3594,/g zDe% 2)

where

Q isthetotal dischargeexpressedin cubic metres per second (m3/s);
g isthegravitational acceleration (standard value) expressed in m/ s2;
z isthe sideslope 1 vertica to z horizontal;

De istheend depth exactly atthe overfall, measured over the vertex.

9.5 Practical limitations
For the application of method, the following limitations shall apply.
— Thesemi-vertex angle, a, shall be between 25° and 45°.

— The vertical distance from channel vertex (bottom) to the downstream water surface shall be
greater than 0,6he.

— Theend depth (Dg) shall be greater than 0,05 m.

9.6 Uncertainty of measurement

The overall uncertainty of flow measurement by this method depends on the uncertainty of the depth
measurement, of the measurement of side slope of the channel and of the coefficient of discharge.

With reasonable care and skill in the construction and installation of the structure, thetolerancein the
coefficient of dischargefor horizontal channel may be of the order of £2 %.

The method by which theerrorsin the coefficient shall be combined with other sourcesof error isgiven
in Cause 13.

11
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10 Trapezoidal channel drop structure

10.1 Specifications for the drop structure

The specifications stated in 6.2 shall apply. In general, the overfall structure used for end depth
discharge measurement shall be located in a straight, horizontal, trapezoidal approach channel. The f
low in the approach channel shall be uniform and steady, as specified in 6.2 (see Figure 5).

10.2 Specifications for head measurement

10.2.1 General

The conditions specified in Cause 7 shall apply.

10.2.2 Determination of gauge zero

The head-gauge datum or gauge zero shall be determined with great care, and it shall be checked when
necessary. The pointer gauge mounted verticaly over the bed of the trapezoidal channel at the brink
shall be lowered until it just touches the bed and the reading of the gaugeisrecorded.

10.3 Discharge formula — Unconfined

Recommended discharge formula for trapezoidal channel drop structure with side slopes of
(Vertical):0(Horizontal) to 1(Vertical):1,5(Horizontal) is given by Formula (3):

% s

, 32 p 5/2
D, D,
Q=55fzg1;z[1,5542 ?L] +1,3594z ?L] }
) (3)

where

Q isthetotal dischargeexpressedin cubic metresper second (m3/s);
g isthegravitational acceleration (standard value) expressed in m/ s?;
z isthesideslope 1 vertical to z horizontal;

De istheend depth exactly atthe overfall, measured over the vertex;

b  isthebed width of the trapezoidal channel.

12
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Key
1 centreline of channel (horizontal) 4 unconfined nappe
2  point of measuementexactly at the dop 5 tail water level

3 two alternative forms of nappe

Figure 5 — Overfall in trapezoidal channel

10.4 Practical limitations
For the application of method, the following limitations shall apply.

— The side slope of the trapezoidal channel shall be in the range of “z” varying from zero to a
maximum of 1,5.

— The vertica distance from channel vertex (bottom) to the downstream water surface shall be
greater than 0,6he.

— Theend depth (Dg) shall be greater than 0,05 m.

10.5 Uncertainty of measurement

The overall uncertainty of flow measurement by this method depends on the uncertainty of the depth
measurement, of the measurement of width of the channel, of the measurement of side slope of the
channel and of the coefficient of discharge.

With reasonable care and skill in the construction and installation of the structure, thetolerancein the
coefficient of dischargefor horizontal channel may be of the order of +2 %.

The method by which the errorsin the coefficient shall be combined with other sourcesof error isgiven
in Jause 13.

13
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11 Circular channel drop structure

11.1 Specifications for the drop structure

The specifications stated in 6.2 shall apply. In general, the overfall structure used for end depth
discharge measurement shall be located in a straight, horizontal, circular approach channel (see
Figure 6). The flow in approach channel shall be uniform and steady, as specified in 6.2.

11.2 Specifications for head measurement

11.2.1 General

The conditions specified in Cause 7 shall apply.

11.2.2 Determination of gauge zero

The head-gauge datum or gauge zero shall be determined with great care, and it shall be checked when
necessary. The pointer gauge shall be mounted vertically over the lowest point of the circular channel
bed atthe brink. The pointer gaugeis lowered until it just touches the lowest point and the reading of
the gaugeisrecorded. The readings taken atthe adjacent points on either side shall indicaterisein the
bed level. Alternatively, itis better done by marking ahorizontal line passing through the bottom most
point (tangentially) extending on either side. The pointer gaugereading, when it touches the horizontal
line marked, istaken as zero.

Key
1 pointer gauge accesslot

Figure 6 — Overfall in circular channel

11.3 Discharge formula — Unconfined

Recommended discharge formula for circular channel drop structure involves computation of critical
depth, D, of flow from end depth, De, using critical depth to compute dischargeas given below:

14
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Thecritical depth

© 0,75 4)

The apex angle subtended by the top width of flow at the centre of the circle

f=2cos ™! [1—2%]
\ )
Thetop width of flow

mion( ) .

b

and area of cross-section of flow at critical depth, D, is
2

A, =9 (6—sing)
8 . K (7)

where[ isinradian.

Thedischarge

\m ®)

Q isthetotal dischargeexpressedin cubic metresper second (m3/s);
g isthegravitational acceleration (standard value) expressed in m/ s2;
Ac istheareaof flow at critical depth expressed in m2;

m isthetop width of flow expressed in m.

Table 1 may be used for the estimation of discharge.

Table 1 — Discharge for circular channel

SASO I1SO 18481:201¢

De/d Dd/d o my/d Ad 02 Q25
0,08 0,106 7 1,3308 06174 0,0449 0,0380
0,09 0,200 14150 0,6499 0,0534 0,047 9
0,1 0,1333 14952 0,6799 0,062 3 0,0590
0,11 0,146 7 1,5720 0,7075 0,0715 0,0712
0,12 0,1600 16461 0,7332 0,0811 0,0845
0,13 0,173 3 1,717 6 0,757 1 0,0910 0,098 9
0,14 0,186 7 17871 0,7793 0,013 0,114 4
0,15 0,2000 18546 0,8000 0,111 8 0,309
0,16 0,2133 19205 0,8193 0,1226 0,148 6
0,17 0,226 7 19848 0,8374 0,337 0,167 3
0,18 0,2400 2,0479 0,854 2 0,1449 0,1870
For the definitions ofthe variablesin thistable, see Cause 4.

15
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Table 1 (continued)

D/d Dd/d adian mi/d Ad 02 Q25
0,19 0,2533 2,098 0,869 8 0,156 4 0,207 8
0,2 0,266 7 21706 0,8844 0,1681 0,229 6
0,21 0,2800 2,2304 0,898 0 0,1800 0,2525
0,22 0,2933 2,2894 09106 0,921 0,276 3
0,23 0,306 7 2,3476 09222 0,204 3 0,3012
0,24 0,3200 24051 09330 0,216 7 0,3270
0,25 0,3333 24619 09428 0,2292 0,3539
0,26 0,346 7 2,5182 09518 0,241 8 0,3817
0,27 0,3600 25740 09600 0,254 6 0,4105
0,28 0,3733 26293 09674 0,267 4 0,4403
0,29 0,3867 2,6843 09740 0,2803 04711
0,3 0,4000 2,7389 09798 0,2934 0,502 8
0,31 044133 2,7932 09849 0,3065 0,5355
0,32 04267 2,847 2 09892 0,3196 0,5691
0,33 0,4400 29010 09928 0,3328 0,603 6
0,34 0,4533 29547 09956 0,346 1 0,6391
0,35 0,466 7 3,008 2 09978 0,359 4 0,6756
0,36 0,4800 3,061 6 09992 0,3727 0,7129
0,37 0,493 3 31149 09999 0,3860 0,7513
0,38 0,5067 3,168 3 09999 0,3994 0,7905
0,39 0,5200 3,2216 0,999 2 04127 0,8307
0,4 0,5333 3,2750 09978 0,426 0 0,8719
041 0,5467 3,3285 09956 0,4393 09140
0,42 0,5600 3,3822 09928 0,452 6 09570
0,43 0,5733 34360 0,989 2 0,465 8 1,001 0
0,44 0,5867 34900 09849 0,4789 10461
0,45 0,6000 3,544 3 09798 04920 1,092 1
For the definitions ofthe variablesin thistable, see Jause 4.

11.4 Practical limitations

For the application of method, the following limitations shall apply.

— Thedischargeformulais applicable for the case of flow having aratio of O,lO—deOO,45.

— The vertical distance from channel vertex (bottom) to the downstream water surface shall be
greater than 0,6he.

— Theend depth (Dg) shall be greater than 0,05 m.

11.5 Uncertainty of measurement

The overall uncertainty of flow measurement by this method depends on the uncert ainty of the depth
measurement, of the measurement of diameter of the channel and of the coefficient of discharge.

With reasonable care and skill in the construction and installation of the structure, thetolerancein the
coefficient of dischargefor horizontal channel may be of the order of £3 %.

16
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The method by which theerrorsin the coefficient shall be combined with other sourcesof error isgiven
in Cause 13.

12 Parabolic channel drop structure

12.1 Specifications for the drop structure

The specifications stated in 6.2 shall apply. In general, the overfall structure used for end depth
discharge measurement shall be located in a straight, horizontal, parabolic approach channel (see
Figure 7). The flow in approach channel shall be uniform and steady, as specified in 6.2.

12.2 Specifications for head measurement

12.2.1 General

The conditions specified in Clause 7 shall apply.

12.2.2 Geometry

The geometry of channel cross-section is shown in Figure 7. The equation of the channel cross-section

isgiven by Formula (9):
x?2 = 4ay 9)
12.2.3 Determination of gauge zero

The head-gauge datum or gauge zero shall be determined with great care, and it shall be checked when
necessary. The pointer gauge shall be mounted vertically over the lowest point of the parabolic channel
bed at the brink. The pointer gaugeis lowered until it just touches the lowest point and the reading of
the gaugeisrecorded. The readingstaken at the adjacent pointson either side shall indicatearisein the
bed level.

2a 23

.2
NOTE  Theformulaof parabolais ¥~ =%#ay.

Figure 7 — Overfall in parabolic channel
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12.3 Discharge formula — Unconfined

Recommended dischargeformulafor parabolic channel drop structureinvolves computation of critical
depth, D¢, of flow from end depth, De, using critical depth to compute dischargeas given below.

The critical depth is given by Formula (10):

DE =11295DE (10)

The dischargeintermsof critical depthisgiven by Formula (11):

2
Q:E,l?E\JHH DE (11)

where

Q isthetotal dischargeexpressed in cubic metres per second (m3/s);
g isthegravitational acceleration (standard value) expressed in m/ s2;

Dc isthecritical depth, expressed in metres, computed using Formula 10 by substituting
measured end depth;

2a isthesemi-latusrectum of the parabalic channel, expressed in metres. The chord through a
focus parallel to the dir ectrix of aconic section iscalled the latusrectum, and half thislength
iscalled the semi-latusrectum.

12.4 Practical limitations
For the application of method, the following limitations shall apply.
— Thesemi-latusrectum 2a shall lie between 0,019 m and 0,033 m.

— The vertical distance from channel vertex (bottom) to the downstream water surface shall be
greater than 0,6De.

— Theend depth (Dg) shall be greater than 0,05 m.

13 Uncertainties of flow measurement
13.1 General

13.1.1 Thetotal uncertainty of any flow measuementcanbe estimated if the uncertainties from various
sourcesare combined. In general, these contributions to the total uncertainty may be assessed anawill
indicate whether the rate of flow can be measuted with sufficient accuacyfor the purpose in hand. This
clauseis intendedto provide information for the user of this documentto estimate the uncertaintyin a
measu ementof discharge.

13.1.2 The eror may be defined as the dierence betveen the truerate of flow and that calculded in
accadance with theformula of the type of channel at a $& sele¢ed in accadance with this documert.
Theter m “ u ny e&smudeadtd denae the deviation from the true rate of flow within which the
measuement isexpededto lie some 19 times out of 20 (95 % confidence limits).

13.2 Sources of error

13.2.1 Thesourcesof error in dischargemeasuementmay beidentified by consideringthe appropriate
dischargeformula.

18
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13.2.2 Thesoucesof eror which needto be considedfurtherare:
a thedischargeccefficiert, C, or theratio Dg/Dg;

b) the dimensional measuremert of the channel (for example, b in the case of rectangular and
trapezoidal channels, diameter, d, in circular channels, Uin the case of triangular channels and a in
the case of parabolic channels);

C) themeasured end depth, De.

13.2.3 The uncertaintiesin dimensional measwementsand in De shall be estimdaed by the
use. The uncertaintiesin dimensionalmeaswementwill dependon the precision to which the
channelas construed can be meased; in pgactice, this uncertainty & prove to be insignificant in
comparison with other uncertainties. The uncertainty in the end depth will depend upon theyaccu
of the depth measuringdevice, the determinationof the gauge zero, the preciselocation of the
instrumentandupon thetechniqueaused.

13.3 Kinds of error

13.3.1 Emors may be classified as random or systematic, the former affecting the
reproducibility (precision) of measement and the l&r afecting its true acaacy.

13.3.2 The standad deviation of a setof n measwvementsof a quantity Y understeady conditions
may be estimgedusingFormula(12):

2 \1/2

G - Z:rﬂ(}r" _F)
e n-1

(12)

where ¥ is the arithmetic mean of n measuremerts. The standard deviation of the mean is then

given by Formula (13):

§-=2L

—

T (13)
and the uncertainty of the mean 2Snr_'i(to 95 % confidence level). This uncertainty is the contribution
of the observations of Y to the total uncertainty.

The factor of 2 assumes that n is large. For n = 6, the factor should be 2,6; n = 8 requires a factor of
2,4, n=10requires afactor of 2,3; n = 15 requiresafactor of 2,1.

13.3.3 A measuement nay also besubjectto systematic eror; the mean of my measued values
would thus still difer from the truevalue of the quantity being measd. An eror in setting the ze
of awater level gaugeto invert level, for example,produces aystematic diference beveen the true
mean meased head and the actugalue. As repetition of the measement does noeliminae
systematic erors,the actualvaluecouldonly be determinedby anindependenimeaswvementknown to
bemore accuate.

13.4 Uncertainties in coefficient values

13.41 The values of the dischage coefficiert, C, quaed in this documen are basel on an appaisd
of experiments which may be presume to have been carefully carried out, with sufficiert repetitian of
the reading to ensue adequ#e precision However, when measvemens are mace on othe
installations systematt disaepancis betveen coefficiens of dischage may well occu, which may be
attributed to variatiors in surface finish, the apgoad conditions the scak effed betveen modd ard site
structues etc.
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13.4.2 The uncertaintyin the dischage coefficients,quaedin the precedingclausesof this
documen, is basedon a consideation of the deviation of experimental data from the
formulaegiven. The suggeted uncertaintiehusrepresenthe accumulation otvidenceand
experienceavailable.

13.4.3 Themaximumsystematicuncertaintyin thedischage coefficiert, C, is likely to be +
5% fromthe specifiedralues, with 95 % confidence limits.

13.5 Uncertainties in measuements made by the
user

13.5.1 Both random andsystematic erors will occur in measements made
by the use

13.5.2 Sinceneitherthe methodsof measuwementnor the way in which they are to be made
is specified, no numericalaluesfor uncertaintiesn this caegory can beigen; they shall be
estimded by the use For example, consideation of the methodof measuringthe channel
width shouldpermit the userto ddermine the uncertainty in this quanmtit

13.5.3 The uncertaintyof the gaugedepthshall be deerminedfrom an assessmenif the
individual soucesof emor; for example thezero setting,the gaugesensiivity, backlashn the
indicationmechanismwhere appopriae), theresidualrandom uncertaintin the mearof a
series of measaments ec. The uncertaintgn the gaugedepthis the squae root of the sum
of thesquae of theindividual uncertainties.

13.6 Combination of uncertainties to gve total uncertainty on
discharge

13.6.1 The total systematic random uncertaintyis the resulant of several contribuory
uncertaintieswhich may be compose uncertainties.

When partial uncertainties the combination of which gives the total uncertainty, are
indeperdent of one another, are small and numerous and have a Gausdan distribution, there
is aprobability of 0,95 thatthe true error isless than the total uncertainty.

13.6.2 It shouldberealizedthatthe uncertaintyin dischage, UD, is not single-valuedfor a

given device, but will vary with dischege. It nay, theefore, be necessartyp consider the
uncertainty ateveral dischagescoveringtherequredrangeof measwvemert.

13.7 Example

The following is an example of uncertainty computation of a single determination of
discharge using the erd depth method in a rectangular channel, under subcriticd flow in
the channel. The bottom width, b, is equal to 1 m with a random uncertainty of adb = +1
mm and the end depth, Deg, is equal to 0,3 m, measured with arandom uncertainty of adlje
= +12 mm. So the percertage random uncertainties are:

Uc=+2%
Up=%20.1%
Upe= 4%

Theformulaused is

3
Q = Cmgaj 2
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The random uncertainty in Q can be cdculated as follows:

Ugo=%6.33%

SASO I1SO 18481:201¢

The systematic uncertainty in Q is cadculated in a similar way. It is assumed that the
only source of systematic uncertainty isin the coefficient of dischargeC.

Acoording to 13.4.3,
Uog=%x5%
U=%20.1%
Upe=+4 %

Theformulausedis

Q = Cb gD,

The systematic uncertainty in Q can be caculated as follows.

_ [ 12 2 (3 212
ug=%{(Uc)" +(Uy )"+ EUDE

- 5 71/2
up =2 (5,0)° +(0,1)" +[%*4] }

Uo=27.81%
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In order to obtain an overall value for the uncertainty in Q, the random and systematic uncertainty
may be combined by the root sum of squares rule as follows:

U=+ (WP q+P Q)Y
=+ (6.33%+ 7.81%)'/2

=+10.05 %
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