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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.

The procedures used ] ] Jed ) 3
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteria’ng

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

any pptent rights identified during the development of the document will be'in the Intrody

on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users

constjtute an endorsement.

For ajn explanation on the voluntary nature of standards;‘the meaning of ISO specifi

expregssions related to conformity assessment, as well as information about ISO’s adhe

World Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT) see

URL: www.iso.org/iso/foreword.html.

This flocument was prepared by Technical Committee ISO/TC 113, Hydrometry, Subcon]

Flow fmeasurement structures.

This third edition cancels and replaces.the'second edition (ISO 1438:2008), which has bee

revised. It also incorporates the Technical Corrigendum ISO 1438:2008/Cor 1:2008.

The rIajor changes from ISO 1438:2008 are as follows:

a) the modular flow discharge formula for weirs with weir plate height of 1 m < p < 2,1
spipplemented in 9.7.4;

b) tIe Cq formula ferZrectangular weir with b/B = 1,0, Formula (5), has been corrected
formula as the full-width weir, Formula (15);

c) spbclausenimbers of 9.6 have been re-numbered.
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INTERNATIONAL STANDARD ISO 1438:2017(E)

Hydrometry — Open channel flow measurement using
thin-plate weirs

1 Scope

This document defines the requlrements for the use of rectangular and trlangular (V- notch) thin-plate

the rq
condikions.

2 Normative references

qulrements for the use of full w1dth rectangular thln plate welrs in submerged (dr

s. Itincludes
owned) flow

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

ISO 7Y 2, Hydrometry — Vocabulary and symbols

3 Terms and definitions

For the purposes of this document, the terms and definitions given in SO 772 apply.

ISO apd [EC maintain terminological databases for‘use in standardization at the following pddresses:

]

— I$0 Online browsing platform: available at http://www.iso.or

4 Symbols and abbreviated terms

EC Electropedia: available at http://www.electropedia.org/

Symbol |Unit Description

A m?2 Area’of approach channel

B m Width of approach channel

b m Measured width of the notch

bmax m Width of notch at maximum head (V-notch)

C Discharge coefficient (gauged head)

Cq Coefficient of discharge

f Drowned flow reduction factor

Cy Coefficient of velocity

ep m Random uncertainty in the width measurement

g m/s?2 Acceleration due to gravity

H m Total head above crest level

h m Upstream gauged head above crestlevel (upstream head is inferred if no subscriptis used)
] Numerical constant

l m Distance of the head measurement section upstream of the weir
n Number of measurements in a set

p m Height of the crest relative to the floor

Q m3/s Volumetric rate of flow

© IS0 2017 - All rights reserved 1
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Symbol |Unit Description
S Submergence ratio, hp/h1
S1 Modular limit
v m/s Mean velocity
U % Expanded percentage uncertainty
u*(b) % Percentage uncertainty in b
u*(C) % Percentage uncertainty in C
u*(E) % Percentage uncertainty in datum measurement
U*[hl) % Pet u:utasc TITCeY taiut_y Hr l,ll
u*(Q) % Percentage uncertainty in Q
a ° Notch angle
Subscripts
1 upstieam
2 dowrjstream
e effective
r rectangular
t triangular

5 Principle

The discharge over thin-plate weirs is a function,ebthe upstream head on the weir (for free-flow),
upstream and downstream head (for drowned flow), the size and shape of the discharge area, and an
experimentallly determined coefficient which takes into account the head, the geometrical properties of
the weir and|approach channel, and the dynamic properties of the water.

6 Installation

6.1 Geneifal

General requirements of weir installations are described in the following clauses. Special requirements
of different fypes of wéirs are described in clauses which deal with specific weirs (see Clause P and
Clause 10).

6.2 Selectlion of site

The type of weir to be used for discharge measurement is determined in part by the nature of the
proposed measuring site. Under some conditions of design and use, weirs shall be located in rectangular
flumes or in weir boxes which simulate flow conditions in rectangular flumes. Under other conditions,
weirs may be located in natural channels, as well as flumes or weir boxes, with no significant difference
in measurement accuracy. Specific site-related requirements of the installation are described in 6.3.

6.3 Installation conditions

6.3.1 General

Weir discharge is critically influenced by the physical characteristics of the weir and the weir
channel. Thin-plate weirs are especially dependent on installation features which control the velocity

2 © IS0 2017 - All rights reserved
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distribution in the approach channel and on the construction and maintenance of the weir crest in

metic

6.3.2

ulous conformance with standard specifications.

Weir

Thin-plate weirs shall be vertical and perpendicular to the walls of the channel. The intersection of the
weir plate with the walls and floor of the channel shall be watertight and firm, while the weir shall be

capab

le of withstanding the maximum flow without distortion or damage.

Stated practical limits associated with different discharge formulae such as minimum width, minimum
weir helght mlnlmum head and max1mum Values of h/p and b/B (Where hi is the measured head, p is the

heigh
chant

6.3.3

For the purposes of this document, the approach channel is the portion of 'the weir ch
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el), are factors Wthh influence both the selectlon of weir type and the 1nstallat10n

Approach channel

ds upstream from the weir a distance not less than five times the width of the nappe
If the weir is located in a weir tank, ideally, the length of the tank should equal up to

low in the approach channel shall be uniform and steady, with the velocity
ximating that in a channel of sufficient length to develop“satisfactory flow in smg
lels. Figure 1 shows measured velocity distributions perpendicular to the directi
ngular channels, upstream from the influence of a wéir/Baffles and flow straightener
ulate satisfactory velocity distribution, but theirdocation with respect to the weir
han the minimum length prescribed for the approach channel.

luence of approach-channel velocity distribution on weir flow increases as h/p and

'm, the possibility of error in calculated discharge should be checked by means of a
hrge-measuring method for a representative range of discharges.

approach conditions are judged to be unsatisfactory, then flow straighteners shall b
ordance with Annex B.

maximum head to be measured is restricted to (2/3)p for all types of weirs, flow {
e used to reduce the-effective length of the approach channel to B + 3hpx for tr
ngular weirs and4o.B + 5hyax for full-width weirs.

This restriction on the maximum head to be measured is necessary due to distortion
he water sufiface in the approach channel that results from flow coming through the opening
flow straightener.

the approach

annel which
at maximum
10 times the

of the nappe at maximum head. Information on the use of smallkweir tanks is given in Annex A.
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oth, straight
n of flow in
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angular and

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

Figure 1 — Examples of normal velocity distribution in rectangular channels

6.3.4 Downstream channel

For most applications, the Tevel of the water in the downstream channel shall be a sufficient vdrtical
distance belpw the cfest to ensure free, fully ventilated discharges. Free (non-submerged) discharge
occurs when| the discharge is independent of the downstream water level. Fully ventilated discharge
is ensured Wwhefi the air pressure on the lower surface of the nappe is fully ventilated. Drgwned
flow operatipiis permitted for full-width weirs under certain conditions (see 9.7.2). Under [these
circumstances, downstream water levels may rise above crestIevel.

7 Measurement of head

7.1 Head-measuring devices

In order to obtain the discharge measurement accuracies specified for the standard weirs, the head
on the weir shall be measured with a laboratory-grade hook gauge, point gauge, manometer, or other
gauge of equivalent accuracy. For a continuous record of head variants, precise float gauges and servo-
operated point gauges can be used. Staff and tape gauges can be used when less accurate measurements
are acceptable.

Additional specifications for head-measuring devices are given in ISO 4373.

4 © IS0 2017 - All rights reserved
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7.2 Stilling or float well

For the exceptional case where surface velocities and disturbances in the approach channel are
negligible, the headwater level can be measured directly (for example, by means of a point gauge
mounted over the water surface). Generally, however, to avoid water-level variations caused by waves,
turbulence or vibration, the headwater level should be measured in a separate stilling well.

Separate stilling wells are connected to the approach channel by means of a suitable conduit, equipped
if necessary with a throttle valve to damp oscillations. At the channel end of the conduit, the connection
is made to floor or wall piezometers or a static tube at the head-measurement section.

Additional specifications for stilling wells are given in ISO 18365.

7.3 |Head-measurement section

7.3.1| Upstream head-measurement

The Head-measurement section shall be located a sufficient distance upstteam from the eir to avoid
the r¢gion of surface drawdown caused by the formation of the nappe~On the other hand, it shall be
suffidiently close to the weir that the energy loss between the head-n¥easurement section|and the weir
is negligible. For the weirs included in this document, the location‘of the head-measurement section
will ble satisfactory if it is at a distance equal to two to four timésythe maximum head (2hjyax to 4hmax)
upstrpam from the weir.

If high velocities occur in the approach channel or if water<surface disturbances or irregularities occur
at thq head-measurement section because of high values of h/p or b/B, it may be necessary to install
severpl pressure intakes to ensure that the head measured in the gauge well is represertative of the
average head across the measurement section.

In the case of a full-width thin-plate weir, the effect of frictional effects upon the upstream channel
requifes an adjustment to the standard cogefficient of discharge. The correction is in terns of both I/h
and h}/p and given in Table 1.

Table 1 — Factors to be dpplied to the standard discharge coefficient valu

19
72}

h/p I/h
2 4 6 8

3,5 to 4,0 1,00 1,00 0,96 0,92

3,0 to 3,5 1,00 1,00 0,97 0,94

2,5 to 3,0 1,00 1,00 0,98 0,96

2,0 to 2;5 1,00 1,00 0,99 0,98

Léss than'2,0 1,00 1,00 1,00 1,00

7.3.2 — Downstream head measurement

If the weir is to be operated in the submerged (drowned) flow range, a measurement of downstream
head is required in addition to the upstream. The downstream head measurement position shall be
10 hmax downstream from the upstream face of the weir. If a stilling well is included in the design, it is
recommended that the downstream head measurement be located no closer to the weir than 4 hyax.

7.4 Head-gauge datum (gauge zero)

Accuracy of head measurements is critically dependent upon the determination of the head-gauge
datum or gauge zero, which is defined as the gauge reading corresponding to the level of the weir crest
(rectangular weirs) or the level of the vertex of the notch (triangular-notch weirs). When necessary,
the gauge zero shall be checked. Numerous acceptable methods of determining the gauge zero are in

© IS0 2017 - All rights reserved 5
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use. Typical methods are described in subsequent clauses dealing specifically with rectangular and

triangular weirs. See Clause 9 and Clause 10.

Because of surface tension, the gauge zero cannot be determined with sufficient accuracy by reading the
head gauge with the water in the approach channel drawn down to the apparent crest (or notch) level.

8 Maintenance

Maintenance of the weir and the weir channel is necessary to ensure accurate measurements.

The approach channel shall be kept free of silt, vegetation and obstructions which might have deleterious

effects on th§ fTow conditions specified for the standard installation. The downstream channelsH
kept free of ¢bstructions which might cause submergence or inhibit full ventilation of the nappe
all condition§ of flow.

The weir plate shall be kept clean and firmly secured. In the process of cleaning, careyshall be

all be
under

taken

to avoid damage to the crest or notch, particularly the upstream edges and surfaces. Constriction

specifications for these most sensitive features should be reviewed before maintenance is undert

Head-measurement piezometers, connecting conduits and the stilling well shall\be cleaned and ch
for leakage. The hook or point gauge, manometer, float or other instrument-ised to measure the
shall be checked periodically to ensure accuracy.

If a flow straightener is used in the approach channel, perforated plates shall be kept clean so th
percentage open area remains greater than 40 %.

9 Rectangular thin-plate weir

9.1 Types

The rectangplar thin-plate weir is a general glassification in which the rectangular-notch weir
basic form and the full-width weir is a limiting/case. A diagrammatic illustration of the basic weir
is shown in Figure 2 with intermediate values of b/B and h/p. When b/B = 1,0, that is, when the
of the weir () is equal to the width of the'channel at the weir section (B), the weir is of full-widt}
(also referrefl to as a “suppressed” weir; because its nappe lacks side contractions).

hken.

ecked
head

at the

is the
form
width

| type
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Dimensions in millimetres

b)
Key
1 upstream face of weir plate

2 head measurement section, measured value h

Figure 2 — Rectangular-notch, thin-plate weir

© IS0 2017 - All rights reserved 7
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9.2 Specifications for the standard weir

The basic weir form consists of a rectangular notch in a vertical thin plate. The plate shall be plane and
rigid and perpendicular to the walls and the floor of the approach channel. The upstream face of the
plate shall be smooth (in the vicinity of the notch, it shall be equivalent in surface finish to that of rolled
sheet-metal).

The vertical bisector of the notch shall be equidistant from the two walls of the channel. The crest
surface of the notch shall be a horizontal, plane surface, which shall form a sharp edge at its intersection
with the upstream face of the weir plate. The width of the crest surface, measured perpendicular to the
face of the plate, shall be between 1 mm and 2 mm. The side surfaces of the notch shall be vertical plane

surfaces whi

For the limit
which, in the

To ensure th
machined on
and untouch
the weir plat
chamfer sha
notch (see de
of corrosion-
coated with

9.3 Specif

The specifica
rectangular
comparison
the channel i
as specified §

If the width ¢
sides of the

(equivalent i
the crest of a
ventilated di

The approac
to the floor

horizontal, p
are specified

9.4 Deter

h shall make Chnrp nﬂgnc at their intersection with the npcfrnam face of the weir

ng case of the full-width weir, the crest of the weir shall extend to the walls of the‘ch
vicinity of the crest, shall be plane and smooth (see also 9.3).

at the upstream edges of the crest and the sides of the notch are sharp;they sh
filed, perpendicular to the upstream face of the weir plate, free of buxrs or scra
ed by abrasive cloth or paper. The downstream edges of the notch shall be chamfd
e is thicker than the maximum allowable width of the notch surface. The surface
1 make an angle of not less than m/4 radians (45°) with the crest\and side surfaces
tail shown in Figure 2). The weir plate in the vicinity of the notCh'preferably shall be
resistant metal; but if it is not, all specified smooth surfaces:and sharp edges shall b
1 thin protective film (for example, oil, wax and silicone)applied with a soft cloth.

ications for installation

tions stated in 6.3 shall apply. In general, the weir shall be located in a straight, horiz

vith the area of the upstream channel thatithe approach velocity is negligible, the sh
s not significant. In any case, the flow inthe approach channel shall be uniform and s
n 6.3.3.

fthe weir is equal to the width of the channel at the weir section (i.e. a full-width wei
hannel upstream from the plane of the weir shall be vertical, plane, parallel and s
n surface finish to that of-rolled sheet-metal). The sides of the channel above the le
full-width weir shall extend at least 0,3 hypax downstream from the plane of the weir:
scharge shall be ensured as specified in 6.3.4.

h channel floor shall be smooth, flat and horizontal when the height of the crest re
p) is small and /ot h/p is large. For rectangular weirs, the floor should be smooth, fl3

in connection with the recommended discharge formulae.

mination of gauge zero

plate.
hnnel,

all be
kches,
red if
bf the
of the
made
e kept

ontal,

hpproach channel if possible. However, if the effective opening of the notch is so small in

hpe of
teady,

r), the
nooth
vel of
Fully

lative
it and

articularly when p is less than 0,1 m and/or himax/p is greater than 1. Additional condjfitions

The head-gauge datum or gauge zero shall be determined with great care and it shall be checked
when necessary. A typical, acceptable method of determining the gauge zero for rectangular weirs is

described as

follows.

a) Still water in the approach channel is drawn to a level below the weir crest.

b) A temporary hook gauge is mounted over the approach channel, a short distance upstream from
the weir crest.

c) A precise machinists’ level is placed with its axis horizontal, with one end lying on the weir crest
and the other end on the point of the temporary hook gauge (the gauge having been adjusted to
hold the level in this position). The reading of the temporary gauge is recorded.

8 © IS0 2017 - All rights reserved
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d) The temporary hook gauge is lowered to the water surface in the approach channel and its reading
is recorded. The permanent gauge is adjusted to read the level in the gauge well and this reading is
recorded.

e) The computed difference between the two readings of the temporary gauge is added to the reading
of the permanent gauge. The sum is the gauge zero for the permanent gauge.

Figure 3 illustrates the use of this procedure with a form of temporary hook gauge which is conveniently
mounted on the weir plate.

© IS0 2017 - All rights reserved 9
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| w—
AN WA\

permanent gauge
temporary hook gauge
precision level

vernier micrometer
set screw

N Ul W N

weir crest

Figure 3 — Determination of gauge zero for rectangular weir
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Discharge formulae — General

Recommended discharge formulae for rectangular thin-plate weirs are presented in three categories:

a) modular discharge formula for the basic weir form (all values of b/B);

b) modular discharge formula for full-width weirs (b/B = 1,0);

c¢) non-modular discharge formula for full-width weirs.

9.6

Formulae for the basic weir form (all values of b/B)

9.6.1
The K

L)

where

9.6.2

Figure 4 shows experimentally determined values of Cq as a function of h/p for representa

b/B.

The cpefficient of discharge Cq has beén'determined by experiment as a function of two vz

Formpla (2):

)

The effective width and head are defined by Formula (3) and Formula (4):
bd=b+kp
hd = h +ky

Ch is the coefficient of discharge;
bl is the effective width;

h} is the effective head.

Kindsvater-Carter formula

indsvater-Carter formula for the basic weir form is given in Formula (1):

2
=Cq E\/ Zgbehe3/2

Evaluation of Cgq, kp and kp

alues of Cq for intermediate values ofib/B can be determined by interpolation.

b h
32

M)

five values of

iriables from

(2)

(3

(4)

in wt

L ) L a1 H bl ot H | dodes : . | P |
ICIT Ky dIIU Rp dI'T TAPCTIIIITICTIILAITy  UTLCTIIITIICU QUAIILITICTS, 11T IIITLI TS, WITILIT CULITpPT

combined effects of viscosity and surface tension.
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Figure 4 — Coefficient of discharge
Figure 5 showswalues of kp, which have been experimentally determined as a function of b/B.

Experiments have shown that k can be taken to have a constant value of 0,001 m for weirs constructed
in strict conformance with recommended specifications.
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Figure 5 — Value of kj relatedto.b/B
9.6.3| Formulae for Cq
For specific values of b/B, the relationship between“Cq and h/p has been shown by experiment (see
Figurp 4) to be of the linear form Cy =a+a'(ﬁ].
p
Thus,|for the values of b/B shown on Figure 4;formulae for C4 can be written as given in Fgrmula (5) to
Formpila (13):
b h
—=1,0 |:C4=0,602+0,083+% (5)
B p
b h
—=0,9 |:C4=0,598+0,064— (6)
B p
b h
—=0,8 :C4<0,596+0,045— (7)
B p
b h
—=40,7"1:C4=0,594+0,030— (8)
b p
b h
—=0,6 :C4=0,593+0,018— 9)
B p
b h
—=0,5[:€4=0,592+0,010— (10)
B p
b h
—=0,4 :€4=0,591+0,0058— (11
B p
b h
—=0,2 :C;=0,589-0,0018— (12)
B p
© IS0 2017 - All rights reserved 13
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o

For intermediate values of b/B, formulae for C4q can be determined satisfactorily by interpolation.

1 Cy =0,587—0,0023ﬁ

p

(13)

9.6.4 Practical limitations on h/p, h, b and p

Practical limits are placed on h/p because head-measurement difficulties and errors result from surges
and waves which occur in the approach channel at larger values of h/p. Limits are placed on h to avoid
the “clinging nappe” phenomenon which occurs at very low heads. Limits are placed on b because

of uncertain
quantity of K
result from €
of pand B - 1

For conserva
a)
b)
c)
d)
e)

h/p shall
hshall b
b shallb
pshallb
either (B

9.7 Formulae for full-width weirs (b/B = 1,0)

9.7.1 Modular flow discharge formula

The RehbocH

Formula (14):

2
-C,=
Q d3

in which for
Cq=0,6

he =h+0

where practic:\] limitations app]irnh]p tothe use of the Rehbock formula are:

a)
b)
‘)
d)

h/p shall

ties regarding the combined effects of viscosity and surface tension represented

y the

, at very small values of b. Limits are placed on p and B - b to avoid the instabilities
ddies that form in the corners between the channel boundaries and the weir when ¥
are small.

tive practice, limitations applicable to the use of the Kindsvater-Carter formulae are
be not greater than 2,5;

b not less than 0,03 m;

b not less than 0,15 m;

e not less than 0,10 m;

- b)/2 =0 (full-width weir) or (B - b)/2 shall not he less than 0,10 m (contracted wei

formula in the form proposed in:1929[8] is of the effective-head variety and is giy

29 bh,*?

the case of p < 1 m,Fermula (15) and Formula (16) apply:

2+0,083ﬁ
P

,001 2

Wwhich
ralues

Ir).

ren in

(14)

(15)

(16)

be not greater than 4,0[3];

h shall be between 0,03 and 1,0 m;
b shall be not less than 0,30 m;

p shall be between 0,06 and 1 m;

and for the case of 1 m < p < 2,5 mlZ],

Cq =0,602+0,004(p—1)+{0,083+o,036(p—1)}ﬁ
p

14
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h, =h+0,0012 same as Formula (16)
where practical limitations for this case are:
a) hshall be between 0,03 and 0,80 m but not greater than b/4;
b) b shall be not less than 0,50 m;

c) pshall be between 1,0 and 2,5 m.

9.7.2 Non-modular flow discharge formula

Submerged (drowned) flow occurs when the tailwater level downstream from a weir affects the
flow. [The weir operates in the non-modular condition. For this condition, an additienal [downstream
measpirement of head (hy) is required and a drowned flow reduction factor (f) is applied tq the modular
discharge formula.

Since|the modular limit of a full-width thin-plate weir is significantly influehced by the ratio h/p, the
modlg]:;lr limit increasing with h/p, drowned flow performance of the typical full-width thjin-plate weir
is shown in Figure 6 and defined by the formulae below:

For hfp=0,5then  f=1,007 [0,975 - (hy/h) 145] 0,265  inthérange 0,00 < hy/h<(,97
Forhfp=1,0,then  f=1,026[0,960 - (hy/h) 1.55] 0,242 invthe range 0,20 < hy/h < 1,97
For hfp=1,5then  f=1,098[0,952 - (hp/h) 1.75] 0,220 intherange 0,50 <hz/h<(,97
For hfp=2,0,then  f=1,155[0,950 - (hz/h) 1,85] 0;219 intherange 0,63 <hy/h<(,97

Thus,|the Rehbock Formula (1929) for drowned flow becomes Formula (18):

2 3/2
Q:fcd?/z(g bh,3 (18)
NOTE This adjustment only applies where the upstream and downstream measurements aie in the same

horizqntal plane, i.e. there is no drop.anthe channel bottom at, or downstream, of the weir.

© IS0 2017 - All rights reserved 15
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Figure 6 —Drowned flow performance of the full-width thin-plate weir

10 Triangplar-notch thin-plate weir

10.1 Specifications for the standard weir

The triangular-notch thin-plate weir consists of a V-shaped notch in a vertical, thin plate. A diagrammatic
illustration of the triangular-notch weir is shown in Figure 7. The weir plate shall be plane and rigid and
perpendicular to the walls and the floor of the channel. The upstream face of the plate shall be smooth
(in the vicinity of the notch, it shall be equivalent in surface finish to that of rolled sheet-metal).

The bisector of the notch shall be vertical and equidistant from the two walls of the channel. The
surfaces of the notch shall be plane surfaces, which shall form sharp edges at their intersection with the
upstream face of the weir plate. The width of the notch surfaces, measured perpendicular to the face of
the plate, shall be between 1 mm and 2 mm.

16 © IS0 2017 - All rights reserved
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To ensure that the upstream edges of the notch are sharp, they shall be machined or filed, perpendicular
to the upstream face of the plate, free of burrs or scratches and untouched by abrasive cloth or paper.
The downstream edges of the notch shall be chamfered if the weir plate is thicker than the maximum
allowable width of the notch surface. The surface of the chamfer shall make an angle of not less than
/4 radians (45°) with the surface of the notch (see detail, Figure 7). The weir plate in the vicinity of the
notch preferably shall be made of corrosion-resistant metal; but if it is not, all specified smooth surfaces
shall be kept coated with a thin protective film (for example, oil, wax, silicone) applied with a soft cloth.

© IS0 2017 - All rights reserved 17
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Dimensions in millimetres

b)
Key
1  upstream face of weir plate

2  head measurement section

Figure 7 — Triangular-notch thin-plate weir
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10.2 Specifications for the installation

The specifications stated in 6.3 shall apply. In general, the weir shall be located in a straight, horizontal,
rectangular channel if possible. However, if the effective opening of the notch is so small in comparison
with the area of the upstream channel that the approach velocity is negligible, the shape of the channel
is not significant. In any case, the flow in the approach channel shall be uniform and steady, as specified
in 6.3.3.

If the top width of the nappe at maximum head is large in comparison with the width of the channel,
the channel walls shall be straight, vertical and parallel. If the height of the vertex relative to the level
of the floor is small in comparison with the maximum head, the channel floor shall be smooth, flat and
horizental-In gnnnra]’ the apprr\arh channel should be smooth, Cfrnighf and rnrfahgll]ar when B/bmax is
less than 3 and/or hyax/p is greater than 1. Additional conditions are specified in connéction with the
recommended discharge formulae.

10.3 |Specifications for head measurement

10.3.1 General

The cpnditions specified in 7.1, 7.2 and 7.3 shall apply without exception.

10.3.2 Determination of notch angle

Precise head measurements for triangular-notch weirs reguire that the notch angle (angle included
betwegen sides of the notch) be measured accurately. One of several satisfactory methods is described
as follows.

a) Two true disks of different, micrometered.diameters are placed in the notch with their edges
ingent to the sides of the notch.

t

b) The vertical distance between the centres (or two corresponding edges) of the fwo disks is
easured with a micrometer calipet:

c) e notch angle a is twice thetangle whose sine is equal to the differences between the radii of the
diisks divided by the distance between the centres of the disks.

10.3.3 Determination of gauge zero

The head-gauge datumor gauge zero shall be determined with great care and it shall be checked when
necessary. A typieahdcceptable method of determining the gauge zero for triangular netch weirs is
descrfbed as follows.

a) Still water'in the approach channel is drawn to a level below the vertex of the notch.

b) temporary hook gauge is mounted over the approach channel, with its point a short distance
upstreanT fronr the vertex of the rotch:

c) A true cylinder of known (micrometered) diameter is placed with its axis horizontal, with one
end resting in the notch and the other end balanced on the point of the temporary hook gauge.
A machinists’ level is placed on top of the cylinder, and the hook gauge is adjusted to make the
cylinder precisely horizontal. The reading of the temporary gauge is recorded.

d) The temporary hook gauge is lowered to the water surface in the approach channel and the reading
is recorded. The permanent gauge is adjusted to read the level in the gauge well, and this reading is
recorded.

e) The distance (y) from the top of the cylinder to the vertex of the notch is computed with the known

value of the notch angle (a) and the radius (r) of the cylinder {y:(r/sin%]+ r}. This distance is

© IS0 2017 - All rights reserved 19
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then subtracted from the reading recorded in c), the result being the reading of the temporary
gauge at the vertex of the notch.

f) The difference between the computed reading in e) and the reading of the temporary gauge
in d) is added to the reading of the permanent gauge in d). The sum is the gauge zero for the
permanent gauge.

An advantage of this method is that it refers the gauge zero to the geometrical vertex which is defined
by the sides of the notch.

10.4 Discharge formulae — General

Recommend¢d discharge formulae for triangular-notch thin-plate weirs are presented”in] two
categories:

a) formula for all notch angles between /9 and 5m/9 radians (20° and 100°);

b) formulag¢ for specific notch angles (fully contracted weirs).
10.5 Formula for all notch angles between /9 and 5 /9 radians (20°and 100°)

10.5.1 Kindsvater-Shen formula

The Kindsvager-Shen formula for triangular notch weirs is given in:Fermula (19):

8 o
Q=Cq ptan—2g h>/? (19)

where

Cq is th[ coefficient of discharge;
he is the effective head.

The coefficidnt of discharge, Cq, has been* determined by experiment as a function of three varfables
(see Figure §), and is given in Formuta {Z20):

Cq =f[%.%.aj (20)

where

p s thE height of the vertex of the notch with respect to the floor of the approach channel;

B is the‘width of the approach channel;

he is defined by Formula (21):
he=h+ kp (21)

in which ky, is an experimentally determined quantity, in metres, which compensates for the combined
effects of viscosity and surface tension.

10.5.2 Evaluation of Cq and kp,
For triangular weirs with notch angle a equal to m/2 radians (90°), Figure 8 shows experimentally

determined values of Cq for a wide range of values of h/p and p/B. For @ = t/2 radians (90°), k, has been
shown to have a constant value of 0,000 85 m for a corresponding range of values of h/p and p/B.
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Figure 8 — Coefficient of discharge, Cq (@ = 90°)
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Figure 9 — Coefficient of discharge, Cq, related to notch angle,

For notch angles other than m/2 radians (90°), experimental data are insufficient to define Cq as a
function of h/p and p/B. However, for weir notches which are small relative to the area of the approach
channel, the velocity of approach is negligible and the effects of h/p and p/B are also negligible. For
this condition (the so-called “fully-contracted” condition), Figure 9 shows experimentally determined
values of Cq as a function of a alone. Corresponding values of kj are shown in Figure 10.
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10.5.3 Prac

tical limitations on «, h/p, p/B, h and p

For reasons related to hazards of measurement error and lack of experimental data, the following
practical limits are applicable to the use of the Kindsvater-Shen formula:

a) ashall be between /9 radians and 5 m/9 radians (20° and 100°);

b)

than 0,35 for other values of a;

<)

h shall be not less than 0,06 m;

d) pshallb

10.6 Formula for specific notch angles (fully-contracted weir)

The British §

The BSI discharge formula is given in Formula (22):

relationship
a) tangent
b) tangent
c) tangent
8

=C—1

¢ 15

and the expe
Tables E.1, E|

Practical lim|

itations applicable to the use of this-formula are:

R | 4l FaWaVal
£ 1IUL ITSS Uldll U, U J I11.

tandards Institution (BSI) formula is for three notch angles that have a special geor
Lo each other:

/2 =1 (e =m/2 radians or 90°);
/2 = 0,50 (a@=0,927 3 rad or 53° 8");
/2 = 0,25 (a = 0,489 9 rad or 28° 4').

an% 29 he5/2

rimentally determined values of C and Q for'the condition of “full contraction” are shg
2 and E.3.

be not greater than 0,4;
be not greater than 0,2;

b between 0,05 and-0;38 m;
b not less than0,45 m;

e not less than 1,0 m.

h/p shall be limited to the range shown in Figure 8 for a = /2 radians (90°); h/p shall be not greater

netric

(22)

'wn in

a) h/pshal
b) h/B shal
c) hshallb
d) pshallb
e) Bshallb
22
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Figure 10 — Valueof kj, related to notch angle, a

10.7 [Accuracy of discharge coefficients — Triangular-notch weirs

The 4dccuracy of discharge measurements made with a triangular-notch thin-plate weir depends
primdrily on the accuracy of’the head and notch-angle measurements and on the applicability of
the djscharge formula and _toefficients used. If great care is exercised in meeting the ¢onstruction,
installation and operational conditions specified in this document, uncertainties (at 95 % confidence
level)|attributable to-the coefficients of discharge will be not greater than 1,0 %. The comBination of all
uncerftainties which-contribute significantly to the uncertainty of discharge measurementg is treated in
Clausp 11. Examples of estimated uncertainties in measured discharge are given in Clause|12.

11 Uncertainties of flow measurement

11.1 General

11.1.1 This clause provides information for the user of this document to state the uncertainty of a
measurement of discharge.

11.1.2 Annex C is an introduction to measurement uncertainty. It provides supporting information
based on ISO/IEC Guide 98-3[1] and ISO/TS 25377[5]. Refer to Annex C for definitions.

Previous versions of this document have expressed the uncertainty of discharge coefficient u(C) at the

95 % level of confidence. This is equivalent to two standard deviations or twice the value of standard
uncertainty.
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This document expresses discharge coefficient as standard uncertainty (one standard deviation) to be
in accordance with ISO/IEC Guide 98-3.

Hydrometry requires measurements using various techniques, the results of which are used to calculate
a value for flow. Annex D provides sample values for the various techniques. These are presented in
tabular form with uncertainty estimates ascribed to each technique for the purpose of illustration only.

These sample values are not to be interpreted as norms of performance.

The example given in Clause 12 uses values from Annex D.

11.1.3 A measurement result comprises

a) an estimfate of the measured value, with

nt of the uncertainty of the measurement.

11.1.4 A stafement of the uncertainty of a flow measurement in a channel has four separate compqgnents

a) uncertainty of the measurement of head in the channel;
b) uncertainty of the dimensions of the structure;

c) uncertainty of the discharge coefficient stated in this document\from laboratory calibration jof the
flow striyicture being considered;

d) uncertainty of channel velocity distribution related to thevelocity coefficient, Cy.

This clause [does not accommodate component d). If\iS assumed that the channel hydraulids are
substantiallyf equivalent to those existing in the galibration facility at the time of derivation of
component ¢} as defined in 6.3.3.

11.1.5 The ¢stimation of measurement uncertdinty associated with items a) and b) of 11.1.4 is prqvided
in Annex D.

Values taker] from Annex D are used,in the examples in Clause 12. These values are for illustrative
purpose onlyf and should not be interpreted as norms of performance for the types of equipment listed.
In practice, yncertainty estimatesshould be taken from test certificates for the equipment, pref¢rably
obtained fro laboratories which are accredited to ISO/IEC 17025[3].

11.2 Combjning measurement uncertainties

Refer to C.7.

The proportjorin which each flow formula parameter contributes to flow measurement uncertainty,
U(Q), is derived by analyTtical solution using partial differentials of the discharge formula.

For this purpose, the formulae for rectangular and triangular forms have been simplified as shown in
Formula (23) and Formula (24):

Qr:]r\/gcd be he1'5 (23)

o
Q. =JJ9Cq tanEhg'S (24)

where J is a numerical constant, dependent on the form of weir but not subject to error. The subscripts
r and t denote the rectangular form and the triangular form of weir, respectively. From Formula (23)
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and Formula (24), the dispersion of the value Q of the formula can be written as Formula (25) and
Formula (26):

AQ, =] g aQrAC aQAb + QAh]

AQ, = | 2 ac, LAtan(%}a&Ahe

aCy 9 ab, oh

oh

e

0Cq 5tan(gj
2

(25)

(26)

wher

is the]

dispersion of Q due to small dispersions of AC, Ab or Atan % and Ahe. Evaluatin

differentials and using Formula (23) and Formula (24), the relationship can bewpitten as
and Fprmula (28):
A ACy Ab Ah
Qe _ACq 2D +1,5—¢
2t Cd be he
Atan—
A AC Ah
Q _ + +2,5—¢
e Ca & he
o
. _ AQ Ab AGAENT Ap
In urcertainty analysis, the values — at T andT are referred to as d

stand|

Note

(s
kN

wher

Since
quadt

o) b
qn| — |[=——
2 | 2h,

ard uncertainties and have the notation u*(Q), u*(C), u*(b), u* [tan(% H and u*(h).

hat the value u* {tan(%ﬂ 15 derived from the relationship given in Formula (29):

b by is the creést-width and h¢ is the height of the notch.

the uncertainties of b, a, C and h are independent of each other, probability requires s
aturerather than a simple summation, as given in Formula (30) and Formula (31):

12

e the partial derivatives are the sensitivity coefficients described in ISO/TS 25377 and where AQ

g the partial

Formula (27)

(27)

(28)

imensionless

(29)

ummation in

u

u

11.3

a3 l * 2 * 2 *
CLQ)r=\/u (Cq) Tu (be) +[1,bu Ule)J

2
:(Q)t =\/u*(Cd Y +u [tan(%ﬂ +[2,5u*(he )T

Uncertainty of discharge coefficient, u*(Cy), for thin-plate weirs

(30)

(31)

The discharge coefficient, Cg, of Clause 9 and Clause 10 have been determined from a series of hydraulics
tests using a high resolution calibration facility. From these tests, the values of discharge coefficient

uncer

tainty, u*(Cq), are summarized in Table 2.
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Table 2 — Values of discharge coefficient uncertainty, u*(Cq4), against head, h

Type Head, h u*(Cq)
Rectangular h<1,0p 0,75 %
Rectangular 1,0p<h<1,5p 1,00 %
Rectangular 1,5p<h<2,5p 1,50 %
Triangular — 0,5 %

11.4 Uncertainty budget

In reports,
information

a) the meth
b) the dete

uncertai
c) therelat

The values f
combined st:

The expande

It is customd
each of the it

The table m
uncertainty
h1 to determ

12 Examp

12.1 Gener

In presentin
the paramet

Uncertainty
complete ovg
uncertainty

T UTICET taity budget table may be Presented (O Teferenced) to provide tie foit
for each source of uncertainty:

od of evaluation (from Annex C);

Fmined value of standard uncertainty u*(Cd ), u*[tan(%ﬂ and u*(he)y including d

nly of u*(he);

ive sensitivity coefficients, Formula (27) and Formula (28).

pr each source are then applied according to Formula“30) or Formula (31) to giy
indard uncertainty, u*(Q).

d uncertainty U*(Q) for a confidence level of 95%"is calculated using Table C.1.

ry to present these steps in tabular form with one row for each source and a colun
ems a) to c).

by include, where appropriate, the.gritical thinking behind the subjective allocat
o the quantities b and h. This sectidw of the table may be replicated for a range of val
ne a relationship between u*(@).and h;.

le

al

r examples, the.formulae given in Clause 10 and Clause 11 define the relationship bet
brs which determine flow rate.

of thewdiScharge coefficient is a fundamental uncertainty and is defined in 12
ralkuncertainty estimation, practical estimations shall be made of the head measury

wing

atum

re the

hn for

on of
ues of

ween

3. To
Pment

hindhthe uncertainty of the measurement of physical dimensions.

Annex D provides a consistent framework for evaluating these uncertainties for the commonly used
measurement techniques.

One such tec

hnique is selected in 12.3 for the example that follows.

12.2 Characteristics — Gauging structure

The example relates to modular flow conditions for a 90° V-notch weir. The crest height p above the bed
of the approach channel is 0,151 m. The channel is 0,503 m wide. The angle of the V-notch is estimated
to lie between 89,5° and 90,5°.

26
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12.3 Characteristics — Gauged head instrumentation

In this example, a pressure transducer is used to determine head. The transducer is located in the
approach channel about 1 m upstream of the weir.

a)

b)

The signal indicates a head of 0,212 m. Referring to Annex D, the measurement uncertainty from

Table D.1, at this head, is u(h1) = 0,002 m.

The transducer is susceptible to drift over a period of time. Over a period of time, it has been
noted that the nominal datum signal varies in the range 0,000 m to 0,007 m. Datum uncertainty is

estimated according to the rectangular distribution given in Formula (C.5).

=

1 (0,007-0,000
=S

NG

u[E)=0,002 m

12.4 (Discharge coefficient

The vplue of the gauged head discharge coefficient is determined fromyFigure 8 for the 90°
The key ratios of h/p and p/B are:

_0212_ o
0,151
0,151

0,503

0,30

ool T~ T =

from which Cq = 0,600.

12.5|Discharge estimate

The flow rate is calculated from Formula (19):

L)

8 o 5/
=Cq—tan—./2gh
t d 15 2 gng

where¢ h, =h+kj, =0,212+0,00085

Qf =0,600x0,5333x4,429x1x0,212 852"

2|0 =0;0296 m3/s

V-notch weir.

Specimen tables for the discharge of water over a V-notch with tan 1/a equal to 1, %2 and % are given in
Annex E.

12.6 Uncertainty statement

12.6.1 From Table 2, the value for uncertainty of the discharge coefficient is:

u (€)=0,50%

© IS0 2017 - All rights reserved
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12.6.2 Using Formula (C.4), the value of uncertainty of the V-angle may be written as follows:

u[m(z

90,5 89,5
tan| —— |—-tan| ——
1 2 2

|

ﬂ

2 6 2
=0,0036
oru*[ta1(%§\w:100x—9£¥¥ié—:0.3696

12.6.3 The

instrumentation measurement uncertainty and datum measurement uncertainty.

12.6.4 The
uc(Q)=

ug (Q)=

ug (Q)=3

Therefo

uy (Q)=1

NOTE

tan| —

combined uncertainty of gauged head u(h), calculated in 12.3, is combined

0,002)” +(0,002)* m
,0028m

(,0028
0,212

x100

1,32%

d¢ombined uncertainty estimate is deterniined from Formula (31).

2
\ u (Cq)*+u’ [tan(%ﬂ +[2,5u*(he )T

{0,502 +0,36% +(2,5x1(32)"

,35%

1te, at the 959 confidence level:

,35%2=6,7%

sufficient measurement samples.

12.6.5 The conventional statement of discharge is therefore:

with

This estimate is dominated by the contribution from head measurement uncertainty and assumes

0,029 3 m3/s with an uncertainty of 6,7 % at the 95 % level of confidence based on a coverage factor

of k= 2.

28

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=87221de7ec1855e9e7c21a18ae2474a8

ISO 1438:2017(E)

12.6.6 The uncertainty budget for the example could be expressed as in Table 3.

Table 3 — Uncertainty budget for the example

Evaluation | Value | coefficients | Comment
u*(Cq) B/Normal 0,5% 1,0 From laboratory tests
u*[tan(a/2)] B/Triangular 0,36 % 1,0 Using C.6.2
u(E) B/Rectangular 0,002 m — Using C.6.3
u(hq) B/Rectangular 0,002 m — From Table D.1
u*(h1) Combined 1,32 % 2,5 From 12.6.3
u: Q) Combined 3,35 % — Using Formula\(6)

© IS0 2017 - All rights reserved
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Annex A
(informative)

Flow measurement with small weir tanks

Whenever possible, weir tanks conforming to 6.3.3 should be used to measure flow in the field. When

the highest accuracy is not required or where site conditions make it difficult to install or operate

large

tanks satisfagtority, stmatter tanks may be used.

There is a li
of the tank,|as well as by non-standard head-measuring positions, asymmetric and unsteady

ited amount of data on how the discharge coefficients of weirs are affected Gy the size

flow

conditions at entry and sediment deposits. Further information can be obtained from @ke performance

of weir tanksl|fitted with V-notch and rectangular thin-plate weirs 1.

In order to giive some guide to the effect that a reduction in the size of the weir tank will have, ¥
of the dischprge coefficient have been tabulated for seven different sizes ‘of weir tank. Tabl
gives values |of C in the BSI formula for a 90° V-notch and of Cq in the Kindsvater-Carter formulz
contracted rectangular-notch.

ralues
e Al
for a

Some indicaffion of the influence of sediment deposit is given in Table A.2, which shows values of |[C4 for
a tank with dlimensions conforming to 6.3.3 but with differing amounts of sediment deposited against
the weir plate. The uncertainty of these coefficients is approxinzately 1 %.
Within the ifange of tank sizes and heads covered in Table A.1, the location of the head-meaquring
device is relgtively unimportant. Positions between 100.am and 720 mm upstream of the weir prpduce
discharge copfficients which vary by less than 0,5 %, Heads should not be measured, however, nepr the
inlet baffle of in the downstream corner of a narrow.tank.
Table A.1 —|Discharge coefficients for 90°(V-notches and rectangular notches in small weir tanks
Cvalues for 90° V-notchesa Cq values for rectangular notdhesb
. Head Head
Tdnk size (h) (h)
(length, [width, height) mm mm
m 115 150 180 65 100 135
2,62 40,92 x 0,45 0,593 0,592 0,587 0,609 0,592 0,58
1,50 54 0,92 x 0,45 0,603 0,592 0,587 0,604 0,592 0,58
1,00 ¥ 0,92 xQ;45 0,603 0,592 0,587 0,600 0,590 0,5B8
2,62 40,75 % 0,45 0,597 0,592 0,590 0,606 0,593 0,5B8
2,62 4050 x 0,45 0,605 0,596 0,595 0,611 0,598 0,5P8
2,62 x0,92 % 0,30 0,600 0,590 0,586 0,606 0,592 0,588
2,62 x 0,92 x 0,15 0,602 0,597 0,593 0,613 0,598 0,595
8
a  Q=C—4J2g h*/*
15
2 3/2
b Q:C?/Zg b, h,

1) Available from Hydraulics Research Ltd., Wallingford, Oxon., England, as Report No. EX1243, 1985.

30 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=87221de7ec1855e9e7c21a18ae2474a8

ISO 1438:2017(E)

Table A.2 — Discharge coefficients for rectangular notches in small weir tanks with sediment
deposits

Cq values for rectangular notches2

Tank size Max. level of Head
(length, width, deposits relative to (h)
height) weir crest mm
m mm 65 100 135
2,62 %092 % 0,45 -150 0,605 0,591 0,588
-40 0,606 0,597 0,590
46 8,613 8,601 0,595
(+ 100 at sides)

2 —
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Annex B
(normative)

Guide to the design and installation of a flow straightener

A flow straig

htener may be used for reducing the approach channel length.

of a2 flowas
O 1OW

H-a oknm—m«nrl nnnnnnn channal cn +h

at the

The purpose
velocity dist

6.3.3 and Fig

A flow straig
perpendiculz

percentage df the open area of each plate should be between 40 % and 60 % inclisive.

Figure B.1 s
example, the

is 20 mm. Thfis gives a percentage of open area equal to 40,31 %.

The plates s}
dimension of
between the

The straight
different plat
in a staggerq
the hole dian

ctraiaghtanar ic +0 v difyy +ha F]r\lln
StFagateneris+to-meary—+ne+16

CrrC T p p T ot Crro i o o Ot

ribution of the flow is normal and steady.
ure 1 specify a normal velocity distribution.

htener should consist of several perforated plates (at least four), instalted’ verticall
Ir to the flow direction with a minimum spacing of 0,2 m between adjacent plate

nows an example of perforation. Holes are distributed in a staggered formation;
distance between the centres of two neighbouring holes is 30 nim while the hole dia

ould be thick and sufficiently strong to sustain the force exerted by the channel floy
the holes may be varied in accordance with the channel width, provided that the sy
plates is adjusted in proportion to the hole diameter.

ener plates may be fixed on the approach-channel, either with the perforations
es aligned on the general direction of the stream (see Figure B.2), or with them posit
d formation, provided that the distancebetween adjacent plates is large compared

neter (see Figure B.3).

OO@

0000
\@@@

y and
5. The

n the
meter

v. The
acing

bf the
ioned
with

Dimensions in millignetres

32

Figure B.1 — Example of perforation

\

\

\j

\

Figure B.2 — Aligned perforations
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Annex C
(informative)

Introduction to measurement uncertainty

C.1 General

Results of mpasurements or analysis cannot be exact. The discrepancy between the true value, which
is unknowablle, and the measured value is the measurement error. The concept of uncertainty is p way
of expressing this lack of knowledge. For example, if water is controlled to flow at a constant rate, then
a flow meter|will exhibit a spread of measurements about a mean value. If attention is"hot given fo the
uncertain nafure of data, incorrect decisions can be made which have financial or judicial consequeénces.
A realistic sthtement of uncertainty enhances the quality of information, makingitimore useful.

The uncertajnty of a measurement represents a dispersion of values that¢cotild be attributed| to it.
Statistical mpthods provide objective values based on the application of theory.

Standard ungertainty is defined as:
Standard uncertainty equates to a dispersion of measurements.expressed as a standard deviatiof.
From this definition, uncertainty can be readily calculated foraset of measurements.

Y

A

=

X

Key
X  flow valu

34

Y probabilify

Figure C.1 — Pictorial representation of some uncertainty paramaters — Example 1
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S|y

Key
X  flpw value

Y npmber of samples

Figure C.2 — Pictorial representation of some uncertainty paramaters — Example 2

Y“
] 2
] O —1_ 3
R AN L B B B A B
X
Key
1 limit
2 standard deviation
3  njean value
X  flpw value
Y npmber of samples

Figugre C.3 — Pictorial representation of some uncertainty paramaters — Example 3

Figure T.T shows the probability that a measurement of 1low under steady conditions takes a particular
value due to the uncertainties of various components of the measurement process, in the form of a
probability density function.

Figure C.2 shows sampled flow measurements, in the form of a histogram.

Figure C.3 shows standard deviation of the sampled measurements compared with a limiting value.
The mean value is shown to exceed the limiting value but is within the band of uncertainty (expressed
as the standard deviation about the mean value).

© IS0 2017 - All rights reserved 35


https://standardsiso.com/api/?name=87221de7ec1855e9e7c21a18ae2474a8

ISO 1438:2017(E)

C.2 Confidence limits and coverage factors

For a normal probability distribution, analysis shows that 68 % of a large set of measurements lies
within one standard deviation of the mean value. Thus, standard uncertainty is said to have a 68 %
level of confidence.

However, for some measurement results, it is customary to express the uncertainty at a level of
confidence which will cover a larger portion of the measurements; for example, at a 95 % level of
confidence (see Figure C.6). This is done by applying a factor, the coverage factor k, to the computed
value of standard uncertainty.

For a normal probability distribution, 95.45 % (effectively 95 %) of the measurements are covered for a

value of k = 2

In practice,
may be bett
sometimes a

So a probab
uncertainty

of the obsery
procedure w

C.3 Rand

«

The terms
between a) 1

. Thus, uncertainty at the 95 % level of confidence is twice the standard uncertainty

measurement variances rarely follow closely the normal probability distribution.
br represented by triangular, rectangular or bimodal probability distribufions ang
bproximate to the normal distribution.

ility distribution must be selected to model the observed varianges. To expreg
fsuch models at the 95 % confidence limit requires a coverage faector that represents
ations. However, the same coverage factor, k = 2, is used for all thodels. This simplifi
hile ensuring consistency of application within tolerable limits.

pm and systematic error

random” and “systematic” have been applied indiydrometric standards to distin
andom errors that represent an inherent dispersion of values under steady condj

value.

They
| only

s the
95 %
bs the

guish
tions,

and b) systeqnatic errors that are associated with inherept{imitations of the means of determining the

measured qu

A difficulty
without pre
taken to min

calculation procedure. At which point, a systematic error contributes to uncertainty in the same v

random com

For this rea
systematic u
there is no
established
the estimatiq

C.4 Meas

Tv

antity.

knowledge of true values. If its existence is known or suspected, then steps shot
mize such an error either by recalibration of the equipment or by reversing its effect

ponents of uncertainty.

son, ISO/IEC Guide 98-3 does not distinguish between the treatment of randon
hcertainties. Genenally, when determining a single discharge, random errors dominatf
ed to separate tandom and systematic errors. However, where (say) totalized voly
er a long tinie base, the systematic errors, even when reduced, can remain domin
n of uncertaifity.

nremrent standards

ISO/IEC Guid
uncertainty, i

vith the concept of a systematic ernoris that a systematic error cannot be determined

Id be
in the
ay as

h and
e and
me is
ant in

n particular on the identification of components of error, the quantification of

Pment
their

corresponding uncertainties and how these are combined using methods derived from statistical
theory into an overall result for the measurement process.

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

a) Type-A estimation (by statistical analysis of repeated measurements from which an equivalent
standard deviation is derived).
This process may be automated in real-time for depth or for velocity measurement.

b) Type-B estimation (by ascribing a probability distribution to the measurement process).
This is applicable to:

36 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=87221de7ec1855e9e7c21a18ae2474a8

ISO 1438:2017(E)

1) human judgement of a manual measurement (distance or weight),

2) manual readings taken from instrumentation (manufacturer’s statement), or

3) calibration data (from manufacturer).

C.5

Evaluation of Type-A uncertainty

Defined in C.1, the term “standard uncertainty” equates to a dispersion of measurements expressed as
a standard deviation. Thus, any single measurement of a set of n measurements has, by definition, an

uncertainty given in Formula (C.1):

<=

wher

and ¢t
numb

If, ins
then |

<

For c
primd

By ta
u(x)
thisr

u(x)

)?_

n

1 —\2
X)=t, EZ(X,- -X)
i=1

b x is the best estimate of the true mean, as given in Formula (C.2):

L is a factor derived from statistical theory to account for,the increased uncertainty
ers of measurements are available (refer to Table C.1).

tead of a single measurement from the set, the uncertainty is to apply to the mean o

Formula (C.3) applies:

W)= [ 2 %)’

i=1

ry measurement, i.e. from water-leével or water velocity.

king average values over large numbers, n, of measurements, the uncertainty of th¢

is reduced by a factor of% compared to the uncertainty u(x) of an individual meas
n

pason, monitoring equipment should specify measurement performance in terms in

and u(x) to shoWwsthe extent to which averaging is applied.

Table C.1 — ¢, factors at 90 %, 95 % and 99 % confidence levels

€.1)

(C.2)

 when small

f all n values,

(€3)

bntinuous measurement, Type-A evaluations may be derived as a continuous variable from the

b mean value

urement. For

cluding both

Confidence level
%
Degrees of freedoma 90 95 99
6,31 12,71 63,66
2 2,92 4,30 9,92
3 2,35 3,18 5,84
4 2,13 2,78 4,60
5 2,02 2,57 4,03
10 1,81 2,23 3,17
15 1,75 2,13 2,95
20 1,72 2,09 2,85
25 1,71 2,06 2,79
a  Ingeneral, the number of terms in a sum minus the number of constraints on the
terms of the sum (GUM).
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Table C.1 (continued)

Confidence level
%
Degrees of freedoma 920 95 99
30 1,70 2,04 2,75
40 1,68 2,02 2,70
60 1,67 2,00 2,66
100 1,66 1,98 2,63
Infinite 1,64 1,96 2,58

a  Ingeneral, the number of terms in a sum minus the number of constraints on the
terms of the sum (GUM).

C.6 Evaluation of Type-B uncertainty

C.6.1 General

When there |s no access to a continuous stream of measured data or if a large ‘set of measuremgnts is
not available] the type-B method of estimation is used to:

a) assign a|probability distribution to the measurement process to/répresent the probability pf the
true valye being represented by any single measured value;

b) define upper and lower bounds of the measurement;

c) determipe a standard uncertainty from a standard deviation implied by the assigned probgbility
distribution.

The Type-B methods allow estimates of upper and-lower bounding values to be used to deriye the
equivalent sfandard deviation.

Four probablflity distributions are described in'ISO/IEC Guide 98-3 and in C.6.2 to C.6.5.

C.6.2 The triangular distribution

The triangulpr distribution is reptesented in Figure C.4.
A Pla)

ulx)=a/6

Dl o)
/ A/ \
_al

+d;

Figure C.4 — Triangular distribution

u(f)zi[xmaxgxmin J (C.4)

This usually applies to manual measurements where the mean value is most likely to be closer to the
true value than others between the discernible upper and lower limits of the measurement.
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C.6.3 The rectangular distribution

The rectangular distribution is represented in Figure C.5.

This

instrgmentation (i.e. the displayed resolution or the resolution efinternal analogue/digita

Howegpver, this is not the only source of uncertainty ofsmeasurement equipment. T}
unceiftainty arising from the measurement algorithm usedahd/or from the calibration pr

If the

its dafum.

C.6.4) The normal probability distribution

The njormal probability distribution is represented in Figure C.6.

Key

B wWw N R

by _i Xmax ~Xmin
o15)- | T

A Pla)

ulx)=a/'3

-g; +3;

Figure C.5 — Rectangular distribution

probability distribution is usually applied to the reselution limit of the 1

equipment measures relative values, then therewill also be uncertainty in the detd

2

1 68% TN 1,0 3

90% / \ 1,65

95% / \ 2.0
s | L/ N | 258

(C.5)
neasurement
converters).

lere may be
cess.

rmination of

/ N
// \
4 ;
| | | |
L 2 . Fal 1 o) 2 L
e 3 =J =L =1 \Y I A J 5
4

percent of readings in bandwidth
probability

coverage factor

standard deviations

Figure C.6 — Normal probability distribution
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u(specified
u(xmean)=¥ (C.6)

where k is the coverage factor applying to the specified uncertainty value.

These are uncertainty statements based on “off-line” statistical analysis, usually as part of a calibration
process where they have been derived using a Type-A process. When expressed as standard uncertainty,
the uncertainty value is to be used directly with an equivalent coverage factor of k = 1.

C.6.5 Bimodal probability distribution

The bimodal[probability distribution is represented in Figure C.7.
A Pl3)

ulx)=5

-d; 1 +3g;

Figure C.7 — Bimodal probability distribution

U(X mean :(Xmax—;xmi“) €.7)

Measurement equipment with hysteresis can ouly exhibit values at the upper and lower bounds ppf the
measuremert.

An example ¢f this is the float mechanism-where friction and surface tension combine to cause th¢ float
to move in fihite steps.

C.7 Combined uncertainty value, u,

For most mepsurement systems, a measurement result is derived from several variables. For exgmple,
flow measurpment, Q,in/arectangular channel can be expressed as a function of independent varfables

as shown in Formula[C.8):

Q=bxhxV (C.8)

where

b isthe channel width;
h isthe depth of water in the channel;

y s the mean velocity.

These three components are measured independently and combined to determine a value for Q.
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Just as b, h and V are combined to determine the value Q, so each component of uncertainty must be
combined to determine a value for u, (Q) . This is done by evaluating the sensitivity of Q to small change,

A,in b, h or V. Thus, Formula (C.9) applies:

AQ:a—QAb+a—QAh+a—9A17 (C.9)
ob oh vV
where the partial differentials, Q a—Qanda—g are sensitivity coefficients. For the formula

b’ oh
Q=bxhxV, thisis equal to Formula (C.10):
Q:A_b+Ah AV

| >

ot t (C.10)

In unicertainty analysis, the values ﬂ, &,% and A—_V correspond to.dimensionless standard
vV

uncetftainties. They are given the notation u:*(Q), u*(b), u*(h) and u*(V)!

Sincefthe uncertainties of b, V and h are independent of each other, probability considerafions require
sumnpation in quadrature, as given in Formula (C.11).

<=

j(q)z\/u* (V)" +u” (b)* +u" (h)? (€11)
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Annex D
(informative)

Sample measurement performance for use in
hydrometric worked examples
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(informative)

Specimen tables

Annex E

ISO 1438:2017(E)

Table E.1 — Discharge of water over a V-notch with tan /2 = 1(a = /2 radians or 90°),
Q=2,3625 Cyh5/2, (g =9,806 6 m/s2)

Hc;ad Coefficient Discharge H(;ad Coefficient D scl(n)arge
m Ca m3/s x 10-1 m Ca m$/s x 10-1

D,060 0,603 2 0,012 57 0,091 0,593 5 (0,035 03
0,061 0,602 8 0,013 09 0,092 0,593 3 (,03598
0,062 0,602 3 0,013 62 0,093 0;5931 0,036 96
0,063 0,6019 0,014 17 0,094 0,5929 (0,037 95
D,064 0,601 5 0,014 73 0,095 0,5927 0,038 95
D,065 0,601 2 0,015 30 0,096 0,592 5 0,039 97
D,066 0,6008 0,015 88 0,097 0,592 3 (0,041 01
0,067 0,600 5 0,016 48 0,098 0,5921 0,042 06
D,068 0,600 1 0,017 10 0,099 0,5919 0,043 12
D,069 0,599 8 0,017 72

0,100 0,5917 0,044 20
0,070 0,599 4 0,018 36 0,101 0,591 4 0,045 30
0,071 0,599 0 0,01901 0,102 0,591 2 0,046 41
0,072 0,598 7 0,019 67 0,103 0,591 0 (0,047 54
D,073 0,598 3 0,020 35 0,104 0,590 8 1,048 69
D,074 0,598 0 0,021 05 0,105 0,590 6 0,049 85
0,075 0,597 8 0,021 76 0,106 0,590 4 (0,051 03
0,076 0,597.5 0,022 48 0,107 0,590 2 (0,052 22
D,077 0,597 3 0,023 22 0,108 0,5901 0,053 44
D,078 0,597 0 0,023 97 0,109 0,5899 0,054 67
D,079 0,596 7 0,024 73 0,110 0,589 8 0,055 92

0,111 0,589 7 0,057 19
D,080 0,596 4 0,025 51 0,112 0,589 6 (0,058 47
U,081 0,596 1 0,026 30 0,113 0,569 4 0,059 77
0,082 0,595 8 0,027 10 0,114 0,589 2 0,061 08
0,083 0,595 5 0,027 92 0,115 0,5891 0,062 42
0,084 0,595 3 0,028 76 0,116 0,589 0 0,063 77
0,085 0,5950 0,029 61 0,117 0,5889 0,065 14
0,086 0,594 8 0,030 48 0,118 0,5888 0,066 53
0,087 0,594 5 0,031 36 0,119 0,5886 0,067 93
0,088 0,594 2 0,032 25
0,089 0,594 0 0,033 16 0,120 0,5885 0,069 35

0,121 0,5883 0,070 79
0,090 0,593 7 0,034 09 0,122 0,588 2 0,072 24
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ISO 1438:2017(E)

Table E.1 (continued)

Hehad Coefficient Discharge H‘iad Coefficient Discharge
m Ca m3/s x 10-1 m Ca m3/s x 10-1
0,123 0,588 1 0,073 72 0,162 0,585 6 0,146 14
0,124 0,588 0 0,075 22 0,163 0,585 6 0,148 40
0,125 0,588 0 0,076 73 0,164 0,5855 0,150 67
0,126 0,587 9 0,078 27 0,165 0,5855 0,152 97
0,127 0,587 8 0,079 82 0,166 0,5855 0,155 29
0,128 0,587 7 0,081 39 0,167 0,585 % 0,157 63
0,129 0,587 6 0,082 98 0,168 0,585 4 0,15999
0,130 0,587 6 0,084 58 0,169 0,585 3 0,162 37
0,131 0,587 5 0,086 21
0,132 0,587 4 0,087 85 0,170 0,585 3 0,164 77
0,133 0,587 3 0,089 51 0,171 0,585 3 0,167 19
0,134 0,587 2 0,091 19 0,172 0,585.2 0,169 64
0,135 0,587 2 0,092 89 0,173 0,585'2 0,172 10
0,136 0,587 1 0,094 61 0,174 0,585 1 0,174 59
0,137 0,587 0 0,096 34 0,175 0,5851 0,177 09
0,138 0,586 9 0,098 10 0,176 0,5851 0,179 63
0,139 0,586 9 0,099 87 0,177 0,5851 0,182 19
0,178 0,5851 0,184 78
0,140 0,586 8 0,101 67 0,179 0,5851 0,187 38
0,141 0,586 7 0,103 48
0,142 0,586 7 0,105 32 0,180 0,5851 0,190 01
0,143 0,586 6 0,107 17 0,181 0,5851 0,192 65
0,144 0,586 6 0,109 04 0,182 0,5850 0,195 31
0,145 0,586 5 0,110,93 0,183 0,5850 0,198 00
0,146 0,586 4 0,112 84 0,184 0,5850 0,200 71
0,147 0,586 3 0,114 76 0,185 0,5850 0,203 45
0,148 0,586 2 0,116 71 0,186 0,5850 0,206 21
0,149 0,5862 0,118 67 0,187 0,5850 0,208 99
0,188 0,5850 0,211 80
0,150 ;586 1 0,120 66 0,189 0,5850 0,214 63
0,151 0,586 1 0,122 67
0,152 0,586 0 0,124 71 0,190 0,585 0 0,217 48
0,153 0,586 0 0,126 76 0,191 0,5850 0,220 34
0,154 0,5859 0,128 83 0,192 0,584 9 0,223 22
0,155 0,5859 0,13093 0,193 0,584 9 0,226 12
0,156 0,5859 0,133 04 0,194 0,584 9 0,229 06
0,157 0,585 8 0,13517 0,195 0,584 9 0,232 03
0,158 0,585 8 0,137 32 0,196 0,584 9 0,235 01
0,159 0,5857 0,139 50 0,197 0,584 9 0,238 02
0,198 0,584 9 0,241 06
0,160 0,5857 0,141 69 0,199 0,584 9 0,244 11
0,161 0,5857 0,143 91
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Table E.1 (continued)

ISO 1438:2017(E)

Hehad Coefficient Discharge Hehad Coefficient Discharge
m Ca m3/s x 10-1 m Ca m3/s x 10-1
0,200 0,584 9 0,247 19 0,239 0,584 6 0,385 68
0,201 0,584 9 0,250 28
0,202 0,584 8 0,253 39 0,240 0,584 6 0,389 73
0,203 0,584 8 0,256 52 0,241 0,584 6 0,393 80
0,204 0,584 8 0,259 69 0,242 0,584 6 0,397 90
7,205 00,5848 0,262 88 0,243 0,584 0,402 02
D,206 0,584 8 0,266 10 0,244 0,584 6 0,406 17
0,207 0,584 8 0,269 34 0,245 0,584 6 (,410 34
0,208 0,584 8 0,272 61 0,246 0,584 6 (),414 54
0,209 0,584 8 0,275 90 0,247 0,5846 (0,418 77
0,248 0,584 6 0,423 02
0,210 0,584 8 0,279 21 0,249 0,584 6 0,427 30
0,211 0,584 8 0,282 54
0,212 0,584 8 0,285 88 0,250 0,584 6 0,431 60
0,213 0,584 7 0,289 24 0,252 0,584 6 0,435 93
0,214 0,584 7 0,292 64 0,252 0,584 6 0,440 28
0,215 0,584 7 0,296 07 0,253 0,584 6 (4,440 66
0,216 0,584 7 0,299 53 0,254 0,584 6 0,449 07
0,217 0,584 7 0,303 01 0,255 0,584 6 0,453 50
0,218 0,584 7 0,306 51 0,256 0,584 6 0,457 96
0,219 0,584 7 0,310 04 0,257 0,584 6 0,462 45
0,258 0,584 6 0,466 96
0,220 0,584 7 0,313 59 0,259 0,584 6 (0,471 50
D,221 0,584 7 0,317 17
D,222 0,584 7 0,320 77 0,260 0,584 6 0,476 06
0,223 0,584.7 0,324 39 0,261 0,584 6 0,480 65
D,224 0584 7 0,328 03 0,262 0,584 6 0,485 27
0,225 0,584 6 0,331 68 0,263 0,584 6 0,48991
0,226 0,584 6 0,335 35 0,264 0,584 6 0,494 58
0,227 0,584 6 0,339 07 0,265 0,584 6 0,499 28
D,228 0,584 6 0,342 82 0,266 0,584 6 4,404 00
), 229 0,584 6 0,346 59 0,267 0,584 6 0,508 76
0,268 0,584 6 0,513 53
0,230 0,584 6 0,350 39 0,269 0,584 6 0,518 34
0,231 0,584 6 0,354 21
0,232 0,584 6 0,358 06 0,270 0,584 6 0,523 17
0,233 0,584 6 0,361 93 0,271 0,584 6 0,528 02
0,234 0,584 6 0,365 82 0,272 0,584 6 0,53291
0,235 0,584 6 0,369 74 0,273 0,584 6 0,537 82
0,236 0,584 6 0,373 69 0,274 0,584 6 0,542 76
0,237 0,584 6 0,377 66 0,275 0,584 6 0,547 72
0,238 0,584 6 0,381 66 0,276 0,584 6 0,552 72
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ISO 1438:2017(E)

Table E.1 (continued)

Hehad Coefficient Discharge H‘iad Coefficient Discharge
m Ca m3/s x 10-1 m Ca m3/s x 10-1
0,277 0,584 6 0,557 74 0,316 0,584 9 0,775 66
0,278 0,584 6 0,562 82 0,317 0,584 9 0,781 81
0,279 0,584 7 0,567 94 0,318 0,584 9 0,788 02
0,280 0,584 7 0,573 06 0,319 0,5850 0,794 28
0,281 0,584 7 0,578 19
0,282 00,5847 0,583 35 0,320 0,585 0 0,800 57
0,283 0,584 7 0,588 53 0,321 0,5850 0,806.85
0,284 0,584 7 0,593 75 0,322 0,5850 0,813 14
0,285 0,584 7 0,598 99 0,323 0,5850 0,819 47
0,286 0,584 7 0,604 25 0,324 0,5850 0,825 83
0,287 0,584 7 0,609 55 0,325 0,5850 0,832 22
0,288 0,584 7 0,614 87 0,326 0,585.0 0,838 63
0,289 0,584 7 0,620 23 0,327 0/585'0 0,845 08
0,328 0,585 0 0,851 55
0,290 0,584 7 0,625 60 0,329 0,5850 0,858 06
0,291 0,584 7 0,631 01
0,292 0,584 7 0,636 45 0,330 0,5850 0,864 59
0,293 0,584 7 0,664 95 0,331 0,5850 0,871 16
0,294 0,584 8 0,647 48 0,332 0,5850 0,877 75
0,295 0,584 8 0,653 03 0,333 0,5850 0,884 38
0,296 0,584 8 0,658 58 0,334 0,5850 0,891 03
0,297 0,584 8 0,664 16 0,335 0,5850 0,897 72
0,298 0,584 8 0,669 76 0,336 0,5850 0,904 48
0,299 0,584 8 0,675,39 0,337 0,5851 0,911 28
0,338 0,5851 091811
0,300 0,584 8 0,681 06 0,339 0,5851 0,924 91
0,301 0,584 8 0,686 75
0,302 0,5848 0,692 46 0,340 0,5851 0,931 75
0,303 0,584°8 0,698 21° 0,341 0,5851 0,938 62
0,304 0;584 8 0,703 98 0,342 0,5851 0,945 51
0,305 0,584 8 0,709 80 0,343 0,5851 0,952 44
0,306 0,584 8 0,715 68 0,344 0,585 1 0,959 40
0,307 0,584 9 0,721 59 0,345 0,5851 0,966 38
0,308 0,584 9 0,727 50 0,346 0,5851 0,973 40
0,309 0,584 9 0,733 41 0,347 0,5851 0,980 45
0,348 0,5851 0,987 53
0,310 0,584 9 0,739 36 0,349 0,5851 0,994 71
0,311 0,584 9 0,745 34 0,350 0,585 2 1,001 92
0,312 0,584 9 0,751 35 0,351 0,585 2 1,009 12
0,313 0,584 9 0,757 38 0,352 0,585 2 1,016 33
0,314 0,584 9 0,763 44 0,353 0,585 2 1,023 56
0,315 0,584 9 0,769 54 0,354 0,585 2 1,030 82
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