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PREFACE

Th is Stand ard was prepared by th e Standa rds Austra l ia Commit tee on Measurement of Wate r Flow
in Open Chann els an d Closed Con dui ts. I t is id ent ical wi th an d has been reprod uced from
ISO 437 1 : 1 98 4, Measurement of l iq uid f low in open chan ne ls by we irs an d fl umes—End -depth
method fo r estimatio n of fl ow in non -rectang ula rchanne ls with a free overfa l l (approximatemethod) .

Under arran gemen ts made between Stand ards Austral i a an d the In ternatio nal Stand ard s Bodi es,
ISO and IEC, as wel l as certa in other Standa rdsorgani zat ion s, users of th is Au stral ian Stand ard are
ad vised of the fo l l owi ng:

(a) Copyrigh t i s vested in Standa rds Austra l i a.

(b ) Th e number o f th is Stan dard i s not reprodu ced on each pag e; i ts id ent ity is shown on ly on th e
cover and ti tle pag es.

(c) Th ere may be occasion al dual langu age sectio ns, bu t Eng lish i s al ways one of th e l ang uag es
reproduced .

(d ) Where any cross-references to pag e numbers appear within the text, these rela te to pag e
numberin g in th e In ternat ional Stand ard and are to be d isreg ard ed .

Th is Stan dard i s on e o f a seri es wh ich deal s with methods of measuremen t of water flow i n open
chann els . The serie s when complete wi l l con sist o f th e fol lowin g parts:

Part 1 : Vocabula ry and symbo ls
Part 2. 1 : General—Gu ide l in es for the selecti on of method s of measu rement
Part 2. 2: General—Estab lishment an d operati on of a gau gin g stat ion
Part 2. 3: General—Determinat ion of th e stag e-discharg e re lat io n
Part 2. 4: General—Estimati on of u ncertain ty o f a flow-rate measu remen t
Part 2. 5: General—Gu ide lin es for the selecti on of flow gau gin g structu res
Part 3: Ve locity-area methods
Method 3.1 : Measu remen t by cu rrent -meters an d flo ats
Method 3.2 : Measu remen t by movin g-boa t method
Method 3.3 : Measu remen t by slope -area method
Method 3.4 : Colle cti on and processin g o f data fo r de terminat ion of erro rs in measurement
Method 3.5 : In vestig at ion o f total e rro r
Method 3.6 : Measu remen t o f f low in t ida l chan nel s
Method 3.7 : Measu remen t by ul trasonic (acousti c) meth od
Method 3.8 : El ectromag net ic meth od usi ng a fu l l- chann el-wid th coi l
Part 4: Measu remen t u sin g fl ow gaugi ng structures
Method 4.1 : Th in- pla te wei rs
Method 4.2 : Rectangu lar broad-crested wei rs
Method 4.3 : Round -nose hor izontal broad-crested wei rs
Method 4.4 : V-shaped broad -crested we irs
Method 4.5 : Trian gul ar profi le weirs
Method 4.6 : Fl at-V wei rs
Method 4.7 : Rectangu lar, trapezoi dal an d U-shaped flumes
Method 4.8 : Trape zoi da l pro fi le wei rs
Method 4.9 : Parshall and San ii ri flu mes
Method 4.1 0: End-d epth meth od fo r estimati on of f low i n rectang ula r chan ne ls with a free overfal l
Method 4.1 1 : End-d epth meth od for estimatio n of fl ow i n non -rectang ul ar chan ne ls with a free

overfal l (approximate meth od) (this Stan dard)
Part 5: Di lut ion methods
Method 5.1 : Constant -rate inj ect io n method fo r th e measu rement of steady flow
Method 5.2 : In teg rat io n meth od for the measu remen t o f steady fl ow
Part 6. 1 : Measu rin g devices, i nstrumen ts an d equ ipment—Rota tin g element curren t-meters
Part 6. 2: Measu rin g devices, in struments and equ ipmen t—Direct depth sound in g and

suspensi on equi pment
Part 6. 3: Measu rin g devi ces, i nstrumen ts and equ ipment—Cali bra ti on of rotati ng element

cu rrent-meters in strai gh t ope n tanks
Part 6. 4: Measu rin g devices, ins truments and eq ui pment—Echo sounde rs fo r wate r dep th

measu remen ts
Part 6. 5: Measu rin g devices, i nstrumen ts an d equ ipment—Wate r l evel measuring devices
Part 6. 6: Measu rin g devices, in struments an d equi pment—Cableway system fo r stream

gaugi ng
Part 6. 7: Measuri ng devices, ins truments and equipment—Ultrason ic(acousti c) ve loci ty meters
Part 6. 8: Measu rin g devices, i nstrumen ts an d eq ui pment—Posit ion fi xi ng eq ui pment fo r

hydrometri c boa ts
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Fo r the purposes of thi s Au stral ian Stand ard, th e ISO text shou ld be modif ie d as fol l ows:

(i ) Wherever th e word s ‘ In ternat ional Standa rd ’ appear, refe rring to this Stan dard, they should be
read as ‘Austral ian Stand ard’.

(i i ) Wherever th e word ‘ fl uid ’ appea rs, it shou ld be read as ‘water ’.

(i i i ) Su bst itu te a fu l l poi nt (. ) fo r a comma (,) as a decimal marker.

(i v) Th e references to o th er pub licat ion sshould be repl aced by references to Au stral i an Stan dards
as fo l l ows:

Reference to International Standard
ISO

772 Liquid flow measurement in open
channels—Vocabulary and symbols

1 438 Water flow measurement in open
channels using weirs and venturi
flumes

1 438-1 Part 1 : Thin-plate weirs
3846 Liquid flow measurement in open

channels by weirs and flumes—
Rectangular broad-crested weirs

3847 Liquid flow measurement in open
channels by weirs and flumes—End-
depth method for estimation of flow in
rectangular channels with a free
overfal l

Austral ian Standard
AS
3778 Measurement of water flow in open

channels
3778.1 Part 1 : Vocabulary and symbols

3778.4.1 Part 4: Measurement using flow
gauging structures

Method 4.1 : Thin-plate weirs
3778.4.2 Part 4: Measurement using flow

gauging structures
Method 4.2: Rectangular broad-
crested weirs

3778.4.1 0 Part 4: Measurement using flow
gauging structures
Method 4.1 0: End-depth method for
estimation of flow in rectangular
channels with a free overfal l

© Copyri ght STANDARDS AUSTRALIA

Users of Standards are reminded that copyri ght subsists in all Standards Australi a publications and software. Except where the
Copyri ght Act all ows and except where provided for below no publications or software produced by Standards Australia may be
reproduced, stored in a retri eval system in any form or transmitted by any means without pri or permission in wri ti ng from
Standards Australi a. Permission may be conditi onal on an appropriate royalty payment. Requests for permission and information on
commercial software royalti es should be directed to the head office of Standards Australi a.

Standards Australi a wil l permit up to 10 percent of the technical content pages of a Standard to be copied for use
exclusively in-house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.

Standards Australi a wil l also permit the inclusion of i ts copyri ght material in computer software programs for no royalty
payment provided such programs are used exclusively in-house by the creators of the programs.

Care should be taken to ensure that material used is from the current editi on of the Standard and that it i s updated whenever the
Standard is amended or revised. The number and date of the Standard should therefore be clearly identified.

The use of material in pri nt form or in computer software programs to be used commercially , with or wi thout payment, or in
commercial contracts is subject to the payment of a royalty . This policy may be vari ed by Standards Australia at any time.
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AUSTRALIAN STANDARD 4

Measurement of water flow in open channels

Part 4:
Measurement using flow gauging structures

Method 4.1 1 :
End-depth method for estimation of flow in
non-rectangular channels with a free overfal l
(approximate method)

0 Introduction

Free overfal l occurs in many hydraul ic structures when the
bottom of a horizontal channel (or gently sloping channel)
is abruptly discontinued. Such an overfal l forms a control
section and offers an approximate means for the
estimation of flow. The flow at the brink is curvi l inear and,
therefore, the depth at the drop is not equal to the critical
depth as computed by the principle based on assumption
of paral lel flow. However, the ratio between the end depth
and the critical depth (as in the case of the assumption of
paral lel flow) has an almost constant value. Therefore,
from the depth measured at the drop, the discharge can
be estimated.

1 Scope and field of application

This International Standard specifies a method for the
estimation of subcritical flow of clear water in smooth,
essential ly horizontal, straight open channels with a
vertical drop and discharging freely. Gentle positive slopes
not greater than 1 in 2 000 are admissible. This Inter-
national Standard covers channels with the fol lowing types
of cross-section, the nappe being unconfined:

a) trapezoidal;

b) triangular;

c) parabolic;

d) circular.

Using the measured depth at the end, the flow can be
estimated.

2 References

ISO 772, Liquid flow measurement in open channels —
Vocabulary and symbols.

ISO 1 438/1 , Water flow measurement in open channels
using weirs and venturi flumes — Part 1 : Thin-plate weirs.

ISO 3846, Liquid flow measurements in open channels by
weirs and flumes — Free overfal l weirs of finite crest width
(rectangular broad-crested weirs).

ISO 3847, Liquid flow measurement in open channels by
weirs and flumes — End-depth method for estimation of
flow in rectangular channels with a free overfal l .

3 Definitions

For the purpose of this International Standard, in addition
to the definitions given in ISO 772, the fol lowing definition
shall apply:

unconfined nappe: The jet formed by the flow where the
guide walls of the structure end at the crest (or edge) and
permit free lateral expansion of flow and where the nappe
is sufficiently venti lated to ensure atmospheric pressure
below the nappe.

4 Units of measurement

The units of measurement used in this International
Standard are SI units.

5 Selection of site

A prel iminary survey shall be made of the physical and
hydraul ic features of the proposed site to check that it
conforms (or may be made to conform) to the require-
ments necessary for measurement by the end depth
method.

Particular attention should be paid to the fol lowing features
in selecting the site and ensuring the necessary flow
conditions:

a) an adequate straight length (at least 20 h e where he

is the end depth corresponding to the maximum
discharge anticipated) of channel of regular cross-
section should be available upstream of the drop;
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b) velocity distribution seen by inspection or
measurement should be normal;

c) the channel bottom should be horizontal. Gentle
positive slopes not greater than 1 in 2 000 are
admissible;

d) the side walls as well as the bottom should 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 shall be well maintained;

changes in wall roughness due to erosion and various forms
of deposition wil l change the discharge relationship.

e) the end of the channel shall be cut off normal to its
centrel ine and the water shall be allowed to fal l freely
beyond this point;

f) the flow shall be sub-critical and normal upstream
of the drop;

g) the nappe should be ful ly aerated and completely
free at the sides to permit unrestricted spreading.

6 Measurement of depth

The depth shall be measured midstream exactly at the
end (drop) with a point gauge or other suitable measuring
device.

NOTE — The flow at the drop is ful ly curvi l inear and any small
error in the location of gauge wil l result in large errors in

measurement of discharge.

7 Computation of discharge

7.1 Critical depth, hc

From the measured value of the end depth he, using the
relationship for the respective channel cross-section, the
critical depth hc is computed and the discharge in terms of
the critical depth is given by the fol lowing equation (for a
channel cross-section):

. . . (1 )

where

Q is the discharge;

g is the acceleration due to gravity;

Ac is the cross-sectional area at the critical section;

Bc is the surface width of flow at the critical section.

From a knowledge of the critical depth hc and the
geometry of the channel, Ac and Bc can be obtained and
by using equation (1 ) , the discharge can be computed.

7.2 Trapezoidal channels

7.2.1 The geometry of channel cross-section is shown in
figure 1 .

7.2.2 The ratio he/hc (that is, end depth to critical depth)
is a function of the parameter

where

m is the side slope;

Bo is the bottom width;

he is the depth of flow at the end;

and the value of he/hc can be obtained from figure 2.
Knowing the value of he , the value of hc can be computed
and used to compute the discharge from equation (1 ) .

7.2.3 As an alternative to equation (1 ) , the discharge in
terms of hc is given by the fol lowing equation:

Q = . . . (2)

Figure 3 may be used directly for computing the
discharge, based on equation (2), in view of the simplicity
of calculations.

7.3 Triangular channels

7.3.1 The geometry of channel cross-section is shown in
figure 4.

7.3.2 The ratio he/hc (that is, end depth to critical depth)
is 0,795.

7.3.3 With a triangular channel of semi-apex angle θ, as
an alternative to equation (1 ) , the discharge in terms of hc

is given by:

Q = . . . (3)

7.4 Parabolic channels

7.4.1 The geometry of channel cross-section is shown in
figure 5.

7.4.2 The ratio he/hc (that is, end depth to critical depth)
is 0,772.
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