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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 with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pat 3.

Draft International Standards adopted by the technical committees are circulated to the member bodjes for voting.
Publication|as an International Standard requires approval by at least 75 % of the memben-bedies casting a vote.

Internationgl Standard ISO 8368 was prepared by Technical Committee ISO/TC 113, Hydrometric determinations,
Subcommittee SC 2, Notches, weirs and flumes.

This second edition cancels and replaces the first edition (ISO 8368:1985),, This second edition of ISO 8368 was
prepared injorder to bring the techniques described up to date. The format.has been improved to make the information
easier to inferpret.
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Hydrometric determinations — Flow measurements in open
channels using structures — Guidelines for selection of structure

1 Scope

This Internd
of liquid flo
selection.

NOTE |

tional Standard gives guidelines for selection of a particular type of flow-gauging structtire for
v in open channels. It sets out the factors, and summarizes the parameters which:may inf

h general, a flow-gauging structure is used when high accuracy is required for coptintous records of

2 Norm

tive references

The followipg normative documents contain provisions which, through referénce in this text, constitute pr
Internationgl Standard. For dated references, subsequent amendments.tofor revisions of, any of these

not apply.

owever, parties to agreements based on this International*Standard are encouraged to i

possibility gf applying the most recent editions of the normative documents listed below. For undated r
latest editign of the normative document referred to applies. Members of IEC and ISO maintain registe

valid Intern
ISO 772, H
ISO 1438-1
ISO 3846, |

ISO 3847,
in rectangu

ISO 4359, |
ISO 4360, |
ISO 4362,

ISO 4371,
flow in non-

tional Standards.

ydrometric determinations — Vocabulary and symbols.

, Water flow measurement in open channels using weirs and Venturi flumes — Part 1: Thin-p
Liquid flow measurement in open channels by weirs and flumes — Rectangular broad-crested

Liquid flow measurement in open~channels by weirs and flumes — End-depth method for est
ar channels with a free overfall.

Liquid flow measurement)in open channels — Rectangular, trapezoidal and U-shaped flumes.
iquid flow measufement in open channels by weirs and flumes — Triangular-profile weirs.
Vieasurement af liquid flow in open channels — Trapezoidal profile weirs.

\Veasurement of liquid flow in open channels by weirs and flumes — End depth method fo
rectafigular channels with a free overfall (approximate method).

measurement
uence such a

flow.

pvisions of this
ublications do
hvestigate the
bferences, the
rs of currently

ate weirs.
weirs.

imation of flow

I estimation of

ISO 4374,

iquid flow measurement in open channels — Round-nose horizontal broad-crested weirs.

ISO 4377, Liquid flow measurement in open channels — Flat-V weirs.

ISO 8333, Liquid flow measurement in open channels by weirs and flumes — V-shaped broad-crested weirs.

ISO 9826:1

992, Measurement of liquid flow in open channels — Parshall and SANIIRI flumes.

ISO 9827, Measurement of liquid flow in open channels by weirs and flumes — Streamlined triangular-profile weirs.

ISO 13550 , Hydrometric determinations — Flow measurements in open channels using structures — Use of vertical
underflow gates and radial gates.

ISO 14139, Hydrometric determinations — Flow measurements in open channels using structures — Compound
gauging structures.
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3 Terms, definitions and symbols

For the purposes of this International Standard, the terms, definitions and symbols together with the corresponding
units of measurement given in ISO 772 apply.

4 Types of structure

The following types of structure can be used for the purpose of liquid flow measurement:

a) thin-plateweirs:
1) rectgngular;
2) V-natch.
b) broad-crgsted weirs:
1) rounf-nose horizontal;
2) rectgngular horizontal,
3) V-shiaped.
c) triangulaf-profile weirs.
d) streamlinged triangular-profile weirs.
e) flat-V weirs.
f) flumes:
1) rectgngular;
2) trapgzoidal;
3) U-throated,;
4) Parshall and SANIIRT:
g) end-depth method:;

1) rectgngularchannel;

2) non-tectangular channel (approximate method).

h) trapezoidal-profile weirs.
i) compound gauging structures.
j)  vertical underflow gates and radial gates.

Diagrams showing the construction of a particular type of flow-gauging structure are given in the appropriate
International Standard listed in clause 2.


https://standardsiso.com/api/?name=5d83b6a55014814bffac977426cb1d96

©1SO

ISO 8

5 Factors affecting choice

5.1 Gene
The factors
a)
b)

c) afflux;

ral

which affect choice can be considered under the following headings:

purpose;

range of flow;

368:1999(E)

d) size arf

e) chann

)

)

operat
enviro
h)

cost.

5.2 Purpq

Table 1 tab
with guideli

The purpos
The accurg
involved.

In broad te
have a ran
the constru
errors.

5.3 Rang

It is neces
structure td
accuracy o

passage of fish;

m
1e from 2 % to 5 % and endumethods and other weirs will have a range from 4 % to 10 %.

e of flow

d nature of channel,;
| slope and sediment load;
on and maintenance;

hmental impact;

se

Lilates the various structures and indicates some ofithe purposes for which they may be applic
nes to their limitations.

e for which the structure is required will determine the range of flows and accuracies which
¢y in a single determination of discharge depends upon the estimation of the componen
s, thin-plate weirs will have a:range of uncertainties from 1 % to 4 %, flumes and certain typ

ction, installation or use_as-aid down in the appropriate International Standard will result in

sary to.consider the relation between maximum flow and minimum flow when deciding
use,\and an indication of the range of some typical structures is given in Table 2. For th
er.a'wide range of small dlscharges a thin-plate V-notch weir should be used in preference

able, together

iS necessary.
[ uncertainties

s of weirs will

Deviations from

measurement

which type of
e best overall
to a thin-plate

nafeh-orractanodar fll aandth iy avranan Af larany dicaharane A tranmaoaiA~

rectangular

adlt Car - | H t £l
TToOTCTTorrecotar |uu|ul o et-wWe o WHEeaf Yo gCtIUiStargC S o AP CZ oo ot

me, a flat-V weir

or a triangular-profile weir should be used in preference to a broad-crested weir, free overfall or rectangular-throat

flume.

5.4 Afflux

The rise in level immediately upstream of, and due to, a structure may interfere with the flow system and cause
drainage problems, or limit the effectiveness of irrigation systems, or cause extra pumping costs. In addition, the
aquatic habitat upstream of the structure may be adversely affected. A number of structures have been developed with
high coefficients of discharge and whose accuracy is relatively unimpaired by high submergence ratios. The triangular-
profile and flat-V weirs, and flumes are examples of this type of structure.
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Table 1 — Applications and limitations of structures

©1SO

Typical
Inter- uncer-
. inties i 1
Type national tainties in Modular | | s ications Typical application
Standard computed limit
discharge,
%

Thin-plate weirs ISO 1438-1 1to4 2) 293 Laboratory, pump tests, sediment free water,
small streams, and for use in hydraulics
laboratories.

Broad-crested weirs Broad-crested weirs are best used in rec-

a) rectangular|profile ISO 3846 66 % 1,53 tangular channels, but they can,be used with

b) round-nose|horizontal ISO 4374 3t05 80 % 1,53 good accuracy in non-rectangular channels if a

crest smooth, rectangular approach chapnel extends
¢) V-shaped ISO 8333 80 % 15 upstream of the weir for .a distafce not less
303 than twice the maximum head. Irrigation
' channels with littlefall available and wide
range of flow.

Triangular-profile weirs ISO 4360 2to5 75 % 3,53 Hydrometric-nétworks and principal irrigation
channels

Streamlined trigngular- 1ISO 9827 2t05 ? ? Irrigation works and minor channels

profile weirs

Flat-V weirs ISO 4377 2to5 70 % 2,53 Hydrometric works with wide rangg of flow

Compound gauping ISO 14139 2to5 Varies Vary. Hydrometric works with wide rang¢ of flow

structures

Trapezoidal-prdfile weirs ISO 4362 4t08 65 % to 1,33 Where ease of construction is @an important

85 %4 factor. Irrigation works and minor ghannels.

Vertical underflpw gates ISO 13550 4t08 2) See Situations where a near constapt upstream

and radial gates ISO 13550 | water level is required.

End-depth method 2) 6) Where accuracy may be relaxed for simplicity
and economy.

a) rectangular ISO 3847 5to 10

b) non-rectangylar ISO 4371

Long-throated flumes 1ISO 4359 2105 74 % 0,75 Flumes can be used in channels ¢f any shape
if flow conditions in the approach|channel are
reasonably uniform and steady] Sediment-
laden channels, flow with debris, flow with
migratory fish, conduits and partially filled
pipes, flow in sewers.

Parshall and SANIIRI ISO 9826 4108 60 % to See Flumes can be used in channels ¢f any shape

flumes 80 % 1ISO 9826 | if flow conditions in the approach|channel are
reasonably uniform and steady. |Hydrometric
networks and water distribution chainnels.

be measured and compared with values for the modular limit given in Table 1.

2) Nappe to be fully aerated.
3) Maximum H/p, where H is the total upstream head and p is the height of the weir.
4) Depends on geometry.
5) Maximum A/A,, where A, and A, are the cross-sectional areas of the throat and approach channel, respectively.
6) Not applicable.
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Table 2 — Comparative discharges for various weirs and flumes

Discharge
Structure DY pb b mb LY m’/s
m m m (slope) m min. max.
Weirs
Thin-plate, full width - 0,2 1,0 - - 0,005 0,67
- 1,0 1,0 - - 0,005 7,70
Thin-plate, contracted - 0.2 1.0 - - 0,009 0,45
- 1,0 1,0 - - 0,009 4,90
Thin-plate, \f-notch - - 06 =90° - - 0,001 1,80
Round-nose| broad-crest - 0,15 1,0 - 0,6 0,030 0,18
- 1,0 1,0 - 5,00 0,100 3,13
Rectangular|broad- - 0,2 1,0 - 0,8 0,030 0,26
crested - 1,0 1,0 - 2,0 0,130 3,07
V-shaped brpad-crested - 0,30 0 =90° 1,50 0,002 0,45
- 0,15 0 = 150° 1,50 0,007 1,68
Triangular pfofile - 0,2 1,0 - - 0,010 1,17
- 1,0 1,0 N - 0,010 13,00
Flat-V - 0,2 4 110 - 0,014 5,00
- 1,0 80 1:40 - 0,055 630
Flumes
Rectangular - 0,0 1,0 - 2,0 0,033 1,70
Trapezoidal - 0,0 1,0 5:1 4,0 0,270 41,00
U-throated 0,3 0,0 0,3 - 0,6 0,002 0,07
1,0 0,0 1,0 - 2,0 0,019 1,40
NOTE Dimensions are given as examples fofxcomparison purposes only.
1) D: diametgr of U-shaped throat; p: height of weir; b: breadth of weir or flume throat; m: side slopes: 1 vertical; n horizontal; L:
length of flufne throat or weir crest.
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5.5 Size and nature of channel
The shape and size of the channel have a bearing on the practicality of selecting any particular type of structure. The
material forming the bed and sides of the channel will influence the acceptable head loss through the structure without

introducing appreciable leakage through the bed and banks. It will also determine the degree of protection necessary to
alleviate scour downstream of the structure.

5.6 Channel slope and sediment load

For flows with suspended load, the use of thin-plate weirs should be avoided because the crest edge may be damaged
or worn by the suspended materials. In addition, the rating of weirs can be affected by deposition and scour of

sediment in th
the stream ve
generally perf

For gradients

For gradients
weirs with reg

For gradients
usually suitab

5.7 Operati

The accuracyj
particularly su

Triangular ang
avoid environ
operations. Tk
way to minimi

When structures operate at temperatures(below freezing point, consideration should also be given to the

accumulation

flumes. In sonpe cases, the problem of ¢alibration errors can be overcome by heating the air space over a st

The calibratiof of thin-plate weirs_.¢an be affected by damage to the crest and corners and failure to clean th

face where al
by the regular
flumes and frg
the thin-plate

e approach section to the weir. In streams with bed load, the use of structures which signifi¢a
ocity is not recommended, as it may result in fluctuations of the bed level as the flow varies.
prm better than weirs in streams with sediment load.

ess than 0,1 % and Froude numbers less than 0,25, there is no restriction on thextype of strud

brd to the transport of sediment.

e, unless there is no transport of sediment.

bn and maintenance

of any device is very dependent upon the degree“of maintenance it receives. However,
sceptible to errors of calibration due to algal growths in the throat.

flat-V weirs are also susceptible to algal grewth. Algal preventatives can be used, but this n€
mental damage. Due regard to safety sheuld be given attention during construction and
e achievement of ultra-smooth finishés“to the weir crest is in itself considered to be the m
re algal growth and corresponding maintenance.

pf ice on the calibration. In_general, weirs, and thin-plate weirs in particular, are less affected

jal growths withintroduce errors into the calibration. The choice of structure, therefore, will bg
ty with whickPmaintenance can be carried out. Broad-crested weirs, triangular-profile weirs, 1o
e overfalhstructures will normally pass floating debris more effectively than thin-plate weirs.
-noteh.weir, in particular, should be avoided unless a debris trap is installed upstream.

\ntly reduce
Flumes will

ture.

between 0,1 % and 0,4 % and Froude numbers between 0,25 and 0,5, flumes have an advantage over

greater than 0,4 % and Froude numbers greater than about 0,5/ standard weirs and flunpes are not

flumes are

eds care to
aintenance
st effective

pffect of the
by ice than
ructure.

e upstream
e influenced
ng-throated
The use of

5.8 Passage of fish

The movement of fish upstream for spawning may be restricted if a structure fails to make proper provision for their
passage.

The principal factors which affect their movement past such an obstruction are the afflux at the obstruction and its
overall length, and the depth of water below the obstruction and over its crest.

If a thin-plate or broad-crested weir is to be installed, there should be a sufficient depth of water from which the fish can
take off to clear the weir. Flumes constitute a minimal obstruction, depending upon the velocities through the throat and
the overall length. Triangular-profile weirs need careful consideration, as they may form a serious obstruction,
particularly where energy dissipators are incorporated in the stilling basin.
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The flat-V weir can be designed to minimize the obstruction by concentrating the flow in the appropriate flow range.
This will give a relatively greater depth of flow over a section of the crest for a given discharge than will be obtained
using a weir with a horizontal crest.

5.9 Cost

The financial value of the flow passing through the device and the benefit in terms of improved accuracy against the
cost of the structure will have a direct bearing on the relative investment values of different types of structure. The total
construction and long-term maintenance costs should be considered.

Triangular-profile weirs offer a low-cost option for flow-gauging when designed for operation close to their modular limit.

Such desi
works are
subject to
anticipated

6 Recon

6.1 Thin-
6.1.1 Gen

Thin-plate
inexpensive
required, b
process —
are particu
maintenang
include the
many indu

installationg.

6.1.2 Rect

These weil
measured.
certain con

6.1.3 V-ng

Thin-plate
low flow is i

gi:s are structurally smaller than other designs and have reduced afflux. Hence upstream. 3

inimized. If the channel has an appropriate concrete section, for example a culvert, then-
ize, be prefabricated and subsequently fixed to the floor of the channel. If drowned-flow
then a crest tapping will be required.

mendations

blate weirs
bral

weirs are dependent on the full development of the ‘eontraction below the nappe but

to construct, although the manufacture of the crest.¥équires particular care. Aeration off

vents if necessary. Also the downstream water level shall not be allowed to interfere wit
a requirement which limits their applicability. They“are recommended where high accuracy i
arly suitable for laboratory work and use in artificial channels and other circumstances
e can be assured and there is little risk of. damage to, or deterioration of, the crest. Particul
gauging of compensation flows, flow measurement in water supply pumping tests and flow m
btrial situations. Thin-plate weirs of\both rectangular and V-notch types are well suited

angular weirs

s may be full width, partially or fully contracted, the selection depending on the range
The fully contracted weir has the advantage of having automatic aeration and may be instal
jitions, in non-rectangular channels.

tch weirs

mportant, owing to their greater sensitivity.

nd foundation
ne weirs may,
conditions are

are relatively
the nappe is
N this aeration
5 required and
where good
hr applications
pasurement in
for temporary

of flow to be
led, subject to

-notch-weirs are particularly suitable where the ratio of high to low flow is large and where the accuracy at

They also have the advantage that aeration of the nappe is automatic.

6.2 Broad-crested weirs

6.2.1 General

Broad-crested weirs are relatively inexpensive to construct and robust, and thus insensitive to minor damage. They are
best used in rectangular channels where regular maintenance permits clearance of any deposition upstream and of
algae from the crest.

These structures would normally have a fixed crest for flow measurement but if used to regulate and measure flow, as
is the case for irrigation applications, a hand or mechanically movable crest can be provided.
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6.2.2 Round-nose weirs

Round-nose broad-crested weirs have a good discharge range and submergence ratio, and are appropriate for use in
smaller and medium-size installations.

6.2.3 Rectangular horizontal weirs

Rectangular horizontal weirs are simple to construct and have applications in both laboratory and field conditions.
There are strict limitations on geometry if accurate flow measurement is required.

6.2.4 V-shaped weirs

V-shaped broad-crested weirs are suitable for flow measurement over a large discharge range. As-they remain
modular up toja submergence ratio of 80 %, they are particularly suitable for watercourses with little available fall.

6.3 Triangular-profile weirs

Triangular-prdfile weirs are particularly appropriate for the measurement of flow in-natural watercoufses where
minimum heagl losses are sought and where relatively high accuracy is required. They have a good discharge range
and modular limit, are robust, insensitive to minor damage and will operate even when the flow is silt-laden.

The triangular profile has a constant coefficient of discharge over a wide range’ of heads. The weir can also be used
under submetged flow conditions; in this case, a second head measurement is necessary and can be gchieved by
means of tapging points at the crest.

The accuracy [obtained over a wide range of flows and heads makes:them excellent structures for hydrometyic work.

6.4 Streamlined triangular-profile weirs

Most of the cpmments regarding triangular-profile weirs also apply to the streamlined structures. For drowned flow
operation, hoyvever, a separate downstream gauge-should be used rather than the crest tappings required for the
triangular profijle. They are, however, more difficult‘to construct and accurate pre-cast sections would be necessary if
satisfactory repsults are to be achieved.

6.5 Flat-V weirs

Flat-V weirs afe extremely sensitive and are recommended in situations where low flows would introduce upacceptable
inaccuracies if a horizontal creést were to be considered. They are relatively expensive structures, particula:“y if erosion
is liable to occur downstream, and protective works are required. If, however, high accuracy is rgquired and
instrumentatign giving «ontinuous records is installed, the additional costs, compared to those of other gauging
devices, are nparginalk

6.6 Compound gmlging structures

Compound structures have many of the characteristics of flat-V weirs. They can be designed to give high sensitivity
at low flows by introducing one or more relatively narrow low-level sections, and high afflux at high flows can be
avoided by introducing wide high-level sections. The versatility of compound weirs is further enhanced by the
permitted use of different types of weirs or flumes for the individual sections within the compound structure.

6.7 Trapezoidal-profile weirs

The trapezoidal-profile weir may be used in a modular and/or drowned-flow range. It is of simple geometry, but it must
comply with a set of standard upstream and downstream slopes for the empirically derived characteristics to be
applicable.
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