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INTERNATIONAL STANDARD

I1SO 3847-1977 (E)

Liquid flow measurement in open channels by weirs and
flumes — End-depth method for estimation of flow in
rectangular channels with a free overfall

0 INTRPDUCTION

Free oveffall occurs in many hydraulic structures when the
bottom gf a flat channel is abruptly discontinued. Such an
overfall florms a control section and offers an approximate
means fofr the estimation of flow. The flow at the brink is
curvilinegdr and therefore the depth at the drop or end
is not epual to the critical depth as computed by the
principle|based on the parallel flow assumption. However,
the ratio|between the end depth and the critical depth (as
in the cape of the assumption of parallel flow) has a unique
value fof each condition of the nappe, namely confined
and uncénfined. Therefore, from the depth measured at
the end, the flow may be estimated.

1 SCOPE AND FIELD OF APPLICATION

This Intd
estimatio
straight,

rnational Standard specifies a method ‘for the
h of sub-critical flow of clear water_ in\smooth,
ectangular prismatic open channels with a vertical
drop and| discharging freely. Using the measured depth at
the end,| the flow in rectangular channels (horizontal or
sloping) with confined nappe and unconfined nappe may be
estimated.

Point of measurement exactly at the drop

Aeration hole in the side wall of such size
that suppression of the nappe does not occur

The advantages and disadvantages ofythis device and other

types of weirs and flumes, as well ‘as the rd

lative accuracies

of each of.these devices, are givén\in the anfpex.

2 REFERENCE

1ISO 772, Liquid flewimeasurement in o
Vocabulary and symbols.

3 DEFINITIONS

For the.purposes of this International Stan
to the’ definitions given in I1SO 772
definitions apply :

3.1 confined nappe : The jet formed by
the guide walls of the structure extend to
the end depth at maximum flow beyor
edge) and where the nappe is sufficient

ben channels —

Hard, in addition
the following

the flow where

pt least six times

d the crest (or
y ventilated to

ensure atmospheric pressure below the nappe (see figure 1).

3.2 unconfined nappe : The jet formed b
the guide walls of the structure end at th
and permit free lateral expansion of flow

nappe
pressure below the nappe (see figure 2).

Nappe same width as channel

the flow where
b crest (or edge)
and where the

is sufficiently ventilated to ensyre atmospheric

Horizontal bottom

Tail water level

S

(T.wW.L)

FIGURE 1 — Confined nappe (nappe to be aerated)

~—
77T
1>6h,
Overall brink Flow
(at the end of the channel) Fall
Drop (d) > hg
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Horizontal bottom -
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Point of measurement exactly at the drop

Two alternative forms of nappe

Flow

Overall brink

(at the end of the channel)

FIGURE 2 — Unconfined nappe

T.W.L.

FallX

Drop (d) = hg

4 UNITSOFM

The units of
Standard are secq

5 SELECTION

FEASUREMENT

International

in this

measurement used
nds and metres.

OF SITE

hydraulic features of the proposed site, to check that it

A preliminary }rvey shall be made of the physical and

conforms (or
ments necessar
method.

ay be made to conform) ttothe require-
for measurement by, the end-depth

6 MEASUREMENT OF DEPTH

The depth shall be measured exactly at the end
the channel with a point gauge or other suitable measuring
device.

f) in_.the case of confined nappe, the downstream
side *walls shall be extended to a distance not Jess than
six;vtimes the maximum end depth; in the| case of
unconfined nappe, the side walls shall end at thd drop;

g) the nappe shall be fully aerated.

drop) of

NOTE — The flow at the drop is fully curvilinear and|any small

Particular attentipn shall be paid«o, the following features
in selecting the sife and ensuring_the flow conditions :

a) an adequafe straight{leéngth (at least 20 h, where A
is the end |depth corresponding to the maximum
discharge anti¢ipated) of channel of regular cross-section
shall be availalfle;

error in the location of the gauge will result in large erfors in the

measurement of discharge.

7 GENERAL EQUATION FOR SUB-CRITICA

. FLOW

b) velocity distribution seen by inspection or measure-
ment shall be practically uniform;

c) the flow shall be sub-critical and practically uniform
upstream of the drop;

d) the side walls as well as the bottom shall be smooth
as far as possible (in this specification a smooth surface
shall correspond to a neat cement finish);

NOTE — The finish of the structure must be well maintained;
changes in wall roughness due to various forms of deposition
will change the discharge relationship.

e) the end of the channel shall be cut off normal to
its centre line and the water shall be allowed to fall
freely beyond this point;

7.1 General equation

The general equation for sub-critical flow is

Q=C+\/gbh?
where

Q is the discharge;

(1)

C is the non-dimensional coefficient of discharge;

g is the acceleration due to gravity;

b is the width of the channel;

h . is the measured depth at the end of the channel.

e


https://standardsiso.com/api/?name=b2a39231e7aed5d557da4927c15c53da

7.2 Coefficient of discharge

7.2.1 Confined nappe

In principle, the discharge coefficient depends on the
slope and the roughness of the channel. The coefficient for
a horizontal channel is given by

C=1,66

This value can also be used for sloping channels, but then

ISO 3847-1977 (E)

are combined. In general, these contributions to the total
uncertainty may be assessed and will indicate whether the
discharge can be measured with sufficient accuracy for
the purpose in hand. This clause is intended to provide
sufficient information for the user of this International
Standard to estimate the uncertainty in a measurement
of discharge.

8.1.2 The error may be defined as the difference between
the actual rate of flow and that calculated in accordance

its accurpcy 151833,

7.2.2 Unconfined nappe

In pringiple, the discharge coefficient depends on the
slope anfl the roughness of the channel. The coefficient for
a horizontal channel is given by

Cc=1,69

This valyile can also be used for sloping channels, but then
its accurfcy is less.

7.3 Linjitations

For thg application of the method, the following
limitatiopns shall apply :

a) Drop (d). The drop d — the vertical distance from
chanrjel bottom to the downstream water surface — shall
be grgater than A,.

b) idth of channel (b). The width shall be greater
than 0,3 m.

¢) Epd depth (h,). The end depth shall be-greater than
0,04 n.

7.4 Ung¢ertainty of measurement

The ovdrall uncertainty of flow measurement by this
method depends on the uneertainty of the depth measure-
ment, of the measurement\of width of the channel and of
the coefficient of discharge:

With regsonable ¢are' and skill in the construction and
installatipn of the-structure, the tolerance in the coefficient
of discharge<fof a horizontal channel may be of the order
of +2 %,(for other slopes of the channel the tolerance

with the equation for the type of drop at a site selected
in accordance with this InternationalfStahdard. The term
uncertainty will be used to dendte, ‘thd deviation from
the true rate of flow within which the| measurement is
expected to lie some nineteen ‘times ouf of twenty (the
95 % confidence limits).

The uncertainty shall be calculated agcording to the
method in this claus® and quoted undegr this reference
term whenever a measurement is claimed 1o be in conform-
ity with this International Standard.

8.2 Sources of error

8.2,1" The sources of error in the dischayge measurement
may be identified by considering a gengralized form of
discharge equation for weirs :

Q=Cgbh'?

g, the acceleration due to gravity, varids from place to
place, but in general the variation is small enough to be
neglected in flow measurement.

8.2.2 The only sources of error which [need to be con-
sidered further are :

a) the discharge coefficient C (numetical estimates of
uncertainties are given in clause 7);

b) the dimensional measurement of the structure,
for example the width of the channel b

c) the measured end depth A,.
8.2.3 The uncertainty in b and h, must| be estimated by

the user. The uncertainty in dimension will depend upon
the acCUFacy towhich thea r\lnvine as—co '\Structed can be

is greatelandcarmrattaimrvatuesupto+7-%:

The method by which the errors in the coefficient shall be
combined with other sources of errors is given in clause 8.

In general, calibration experiments have been carried out
on model structures of small dimensions and when
transferred to larger structures there may be small changes
in the discharge coefficients due to scale effect.

8 UNCERTAINTIES IN FLOW MEASUREMENT

8.1 General

8.1.1 The total uncertainty of any flow measurement
can be estimated if the uncertainties from various sources

measured; in practice this uncertainty may prove to be
insignificant in comparison with other uncertainties. The
uncertainty in the end depth will depend upon the accuracy
of the depth-measuring device, the determination of the
gauge zero, the precise location of the instrument and
upon the technique used. This uncertainty may be small
if a vernier or micrometer instrument is used with a zero
determination of comparable comparison.

8.3 Kinds of error

8.3.1 Errors may be classified as random or systematic,
the former affecting the reproducibility (precision) of
measurement and the latter affecting its true accuracy.
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8.3.2 The standard deviation of a set of measurements
under steady conditions may be estimated from the

equation :

1/2

2" y; =)

i=1

S:

y n—1

where y is the arithmetic mean of n measurements.

8.5 Uncertainties in measurements made by the user

8.5.1 Both random and systematic errors will occur in
measurements made by the user.

8.5.2 Since neither the methods of measurement nor the
way in which they are to be made are specified, no
numerical values for uncertainties in this category can be
given; they must be estimated by the user. For example,
consideration of the method of measuring the channel
width should permit the user to determine the uncertainty

The standard dev

and the uncertai
probability) ). T
random errors in
to the total uncer

8.3.3 A measur
error; the mean (
still differ from
measured. An er
gauge to chann
systematic differ
depth and the ad
ment does not
value could on
measurement kno

ation of the mean is then given by :

S = 5
Y \/n
hty of the mean is twice 87 (for 95 %
his uncertainty is the contribution of

any series of experimental measurements
tainty.

ment may also be subject to systematic
f very many measured values would thus
the true value of the quantity being
For in setting the zero of a water level
el bottom, for example, produces a
ence between the true mean measured
tual value. As repetition of the measure-
eliminate systematic errors, the actual
y be determined by an idependent
wn to be more accurate.

8.4 Uncertainties in coefficient values

8.4.1 All errors

8.4.2 The value

n this category are systematic.

of the discharge coefficient C quoted in

this Internationa] Standard is based) on an appraisal of

experiments, wh
fully carried out,

ch may be presumed to have been care-
with sufficient.repetition of the readings

to ensure adequafe precision. However, when measurements

are made on
discrepancies bet]

other ssimilar installations, systematic
ween ‘coefficients of discharge may well

occur, which ma
finish, the appr

be.attributed to variations in the surface

in this quantity.

8.6.3 The uncertainty of the gauged 'depth fhall be
determined from an assessment of the ifhdividual squrces of
error, for example the zero error,cthé' gauge sepsitivity,
backlash in the indication mechanism; the residuallrandom
uncertainty in the mean of a series of measuremdnts, etc.
The uncertainty on the gaude depth is the squard root of
the sum of the squares of the individual uncertaintigs.

8.6 Combination of \uncertainties to give overall uncer-
tainty on discharge

8.6.1 The total uncertainty is the resultant of| several
contributory, uncertainties, which may themsdlves be
composite uncertainties (see 8.5.3).

When-partial uncertainties, the combination of which gives
the“total uncertainty, are independent of one fnother,
are small and numerous, and have a Gaussian distrfibution,
there is a probability of 0,95 that the true error is less than
the total uncertainty.

8.6.2 The wuncertainty on the rate of flow $hall be
calculated from the following equation.

_ 2 2 2 4,2
X = i\/<XC +X2+15 xhe>
where
Xc is the percentage uncertainty in C;
X, s the percentage uncertainty in b;

Xy, is the percentage uncertainty in h,.
e

In the above,

model and site structures, etc.

8.4.3 The uncertainty in the coefficients quoted in the
preceding clauses of this International Standard are based
on a consideration of the deviation of experimental data
from various sources from the equations given. The
suggested uncertainties thus represent the accumulation
of evidence and experience available.

€
le—eHeet-between Xr=% 100 %2
r D b
and
/2
2 2 2
v 100<1ehe + 2ehe +...+ 4She>
h,—* —
e he
where

€, is the uncertainty in width measurement;

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

4
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1€ 1+ o€, s €tC. are uncertainties in depth measure-
e e
ment (see 8.5.3);

2Sh— is the uncertainty of the mean if a series of

e
readings of the end depth measurement are taken (see
8.3.2, including foot-note).

8.6.3 It should be realized that the uncertainty X is not
single-valued for a given device, but will vary with

ISO 3847-1977 (E)

Then :
percentage uncertainty in depth measurement
0,003
X, =%100 X ——
e 0,1

=+3%

percentage uncertainty in width

discharge. It may, therefore, be necessary to consider the 0.001
uncertaihty at several discharges covering the required Ap =T 100X
range oflmeasurement.

=10,1%

8.6.4 Hxample

The following is an example of the application of the
formula|to a single determination of discharge using the
end-depth method under sub-critical flow in the channel.
The wi{h of the channel is 1,0 m and the uncertainty in

width may be taken as £ 1 mm. The depth at the end
section is 0,1 m and the uncertainty in depth measurement
may be faken as + 3 mm.

percentage uncertainty in the coefficient
Xc =*45% (assumed

Therefore, the total uncertainty in Q is

~

X =452 + 0,12 + (1,52 x32)]

=164%
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ANNEX

GUIDE FOR THE SELECTION OF WEIRS AND FLUMES FOR THE MEASUREMENT
OF THE DISCHARGE OF WATER IN OPEN CHANNELS

A.1 PURPOSE

The purpose of this annex is to provide guidelines for the
selection of wei
discharge in open channels. Consideration is limited to
the steady, uniform flow of water at ordinary temperatures
(approximately 5|to 30 °c).

Despite the greaf number of types of weirs and flumes
available, some off which may offer advantage for specific
purposes, only| the following types are presently
standardized. Cirfiteria for selection from among the
standard types ar¢ given in clause A.3.

A.2 TYPES OF STANDARD WEIRS AND FLUMES

A.2.1 Thin-platd weir

A weir construdted with a crest of vertical thin plate,
shaped in such a|manner that the nappe springs clear of the
crest, the dischalge being determined by the head on the
weir and the widlth of the crest (or the angle of the notch).

The following types are included :
— rectangulaf full-width weir;
— rectangulag-notch weir;

— triangular-potch (V-notch) weir.

A.2.2 Broad-crepted weir

A weir with subystantial crest dimension in the direction
of flow formed jn such.a manner that critical flow occurs
on the crest of the wéir-within the breadth, the discharge
being determinecr by ‘the head on the weir and the width
of the crest.

A.2.4 Standing-wave flume (free flow)

A flume with side contractions with or without bottom
fors, withi i m sub-
critical to super-ritical, the discharge being determined by
the cross-sectional area and velocity of flow" at| critical
depth within the throat of the flume.

The following types are included :
— with rectangular throat;
— with trapezoidal throat;

— with U-throat.

A.2.5 Free overfall

An abrupt drop in the floor of a rectangular channel, the
dischargecbeing determined by the depth at the brink of
the drep“and the width of the channel at the brink|section.

A.3 CRITERIA FOR SELECTION OF STANDARD
WEIRS OR FLUMES

The essential criteria for selection from among the ptandard
weirs and flumes are given below :

A.3.1 Auvailable difference in water levels

Thin-plate weirs and free overfalls require a spfficient
difference between upstream and downstream water levels
which will ensure free, fully ventilated flow unlier con-
ditions of maximum discharge.

Broad-crested weirs may be used with relatively| smaller
differences in water level; triangular-profile weirs and
standing-wave flumes may be used with even| smaller

The following types are included :
— rectangulai-profile weir with sharp upstream edge;

— rectangular-profile weir with rounded upstream edge.

A.2.3 Triangular-profile weir

A weir having a triangular profile in the direction of flow,
the discharge being determined by the head over the weir
and the width of the crest.

The following type is included :

— triangular-profile weir having 1/2 slope upstream and
1/5 slope downstream.

differences in water level.

For all types of weirs and flumes included in this Inter-
national Standard the discharge should be free or
independent of the downstream water level.

A.3.2 Accuracy of measurement

The accuracy in a single determination of discharge depends
upon the estimation of the components uncertainties
involved but approximate ranges of uncertainties for the
weirs and flumes (at 95 % confidence levels) are as follows :

— rectangular thin-plate weirs (full-width

and notch) : 1to 4%;
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— triangular-notch weirs (notch angles

between 7/9 and 5 7/9 rad) : 1to 2%;
— broad-crested weirs : 3to 5%;
— triangular-profile weirs : 2to 5 %;
— standing-wave flumes : 2to 5%;
— free overfall : 5to 10 %.

I1SO 3847-1977 (E)

Sub-critical flow is ensured when

— A
v<|/g
B

S

where

v is the average velocity, in metres per second in the

approach channel;

g is the acceleration due to gravity,
second squared;

given abpve are recommended conservative values for use
under nditions of strict conformance with standard
specifications. The smallest values can only be obtained

for weirfs under rigorous control, such as may be built
and installed in well-equipped laboratories. Under field
conditiops, thin-plate weirs are specially subject to errors
caused bly natural hazards.

A.3.3 Dimensions and shape of open channel

Rectangtilar full-width weirs and notch weirs (both rec-
tangular|and triangular), of large size relative to the size of
the apprjoach channel, should be located in vertical-walled
Ievel-flo:Fed rectangular channels, or in weir boxes of
rectangufar cross-section for a distance extending upstream
not less than 10 times the width of the nappe at maximum
head. Fqr thin-plate weirs of small size relative to the size
of the fapproach channel, especially if the velocity of
approach} is negligible, the size and shape of the channg) is
of no importance.

Broad-crpsted weirs are best used in rectangular.channels,
but they|can be used with good accuracy in non=rectangular
channels|if a smooth, rectangular approach'channel extends
upstrean) from the weir a distance nat less than twice the
maximurn head.

Flumes ¢an be used in channels\of any shape if flow con-
ditions in the approach channel are reasonably uniform
and steadly.

For weirg and flumes.of.all types the size and shape of the
downstr¢am channél\are of no significance except that they
must perfmit free,~fully ventilated flow under all conditions
of use.

A3.4 Flovwec

For weirs of all types, flow in the approach channel shall
be sub-critical, uniform and steady. ldeally, especially
for relatively high velocities of approach, the velocity
distribution should approximate that in a channel of
sufficient length to develop normal (resistance-controlled)
flow in straight, smooth channels. For relatively low
velocities of approach and for flumes, flow conditions in
the channel are of less importance. In short channels and
weir boxes, baffles and flow-straighteners may be used to
simulate normal velocity distribution. Care should be
taken to ensure that erosion and/or deposition upstream
of the weir or flume do not significantly alter the velocity
of approach or velocity distribution to the measurement
structure.

in metres per

A is the cross-sectional area in square metres of the

channel;

B_ is the width of the channel,’ in metfes, at the water

S
surface.

A.3.5 Flow with sediment{oad

For flows with suspended load, the use of
should be avoided*because the crest edge
or worn by the suspended materials. On ¢

thin-plate weirs

may be damaged

treams with bed

load use of“measurement structures which significantly
reduce the/stream velocity is not recommended as it may
result Mh, changing deposition-scour deppndent on flow
regime.” Flumes will generally perform bgtter than weirs

onistreams with sediment load.

A.3.6 Flow with floating debris

Broad-crested weirs, triangular-profile wei
flumes and free overfall structures wil
floating debris more effectively than thin

s, standing wave
normally pass
plate weirs. The

use of the triangular-notch (V-notch) wleir in particular

should be avoided unless a debris trap is in

talled upstream.

A.3.7 Magnitude of discharge to be measured

For reasons related to accuracy and constr
weirs are best used for the measurement g
discharges.
and flumes are best used for large discharg

A.3.8 Range of dicharge to be measured

For best overall accuracy over a wide
discharges, a triangular-notch (V-notch)
used in preference to a rectangular-notc
full-width weir. For wide range of larg

preference to a broad-crested weir,

ction, thin-plate
f relatvely small

Broad-crested weirs, triangt;Lar-profile weirs

range of small
weir should be
h or rectangular
er discharges, a
buld be used in

free overfall, rec-

tangular-throated flume or a triangular-profile weir.

A.3.9 Construction

Thin-plate weirs must be constructed with precision tools

under machine-stop conditions.

Flumes,

broad-crested

weirs, triangular-profile weirs and free overfalls can be
constructed satisfactorily in the field. In all cases, great
care must be exercised in making the structures conform

with standard specifications.

Broad-crested weirs,
falls and flumes are inherently stronger
maintained under conditions of high
channels.

triangular-profile weirs, free over-

and more easily
heads in large
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